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· [bookmark: RTF34313530383a2048312c3173]TDD proposal, Physical Coding Sublayer (PCS), Physical Medium Attachment (PMA) sublayer, and baseband medium, type 100M+1GBASE‑T1, 1G+100MBASE-T1, 100M+2.5GBASE‑T1, 2.5G+100MBASE-T1, 100M+5GBASE-T1, 5G+100MBASE-T1, 100M+10GBASE-T1, 10G+100MBASE-T1, 100M+1GBASE‑V1, 1G+100MBASE-V1, 100M+2.5GBASE-V1, 2.5G+100MBASE-V1, 100M+5GBASE-V1, 5G+100MBASE-V1, 100M+10GBASE-V1, 10G+100MBASE-V1
	Editor’s Note (to be removed prior to Working Group Ballot):

This is a draft proposal for how to implement the TDD proposal for P802.3dm. This includes the approved baseline content that can be found in Clause 200 of this draft. It also includes content proposed to implement the Time Division Duplexing (TDD) proposal. This content has not been agreed to by the TF and is included for review and to aid in understanding the proposal.


· [bookmark: RTF37333737333a2048322c312e]Overview
	Editor’s Note (to be removed prior to Working Group Ballot):

May be added by Editor based on project details.


· [bookmark: RTF37363333363a2048332c312e]Nomenclature
	Editor’s Note (to be removed prior to Working Group Ballot):

May be added by Editor based on project details.
In order to efficiently describe the three PHYs, the nomenclature MultiG is used to abbreviate 2.5G/5G/10G when referring to the set of PHYs.
Upstream (US) is used to refer to the 100M transmitter.
Downstream (DS) is used to refer to the MultiG transmitter.
Need to add some explanation of TDD bursts, LEADER vs. FOLLOWER behavior, and TDD burst structure in US/DS direction as this is implied but not given much context in other parts of the text. For example needs to be defined that bursts are non-overlapping at the receiver, US bursts include one RS‑FEC frame, DS bursts include 25 RS-FEC frames, etc. diagram of overall burst structure (refresh header plus data payload).


The 100M+1GBASE-T1, 1G+100MBASE-T1, 100M+2.5GBASE-T1, 2.5G+100MBASE-T1, 100M+5GBASE-T1, 5G+100MBASE-T1, 100M+10GBASE-T1, 10G+100MBASE-T1, 100M+1GBASE-V1, 1G+100MBASE-V1, 100M+2.5GBASE-V1, 2.5G+100MBASE-V1, 100M+5GBASE-V1, 5G+100MBASE-V1, 100M+10GBASE-V1, and 10G+100MBASE-V1 PHYs described in this clause represent 12 16 distinct PHY types combinations that share the same PCS, PMA, and MDI specifications subject to frequency scaling. In order to efficiently describe the 12 16 PHY combinations, the following nomenclature is used.
HS_PATH	PHY_S HS_TX to PHY_D HS_RX
HS_RX	High speed receiver
HS_TX	High speed transmitter
LS_PATH	PHY_D LS_TX to PHY_S LS_RX
LS_RX	Low speed receiver 
LS_TX	Low speed transmitter
PHY_D	Device containing LS_TX, HS_RX (100M+ MultiGBASE-T1/V1)
PHY_S	Device containing HS_TX, LS_RX (MultiG+100MBASE-T1/V1)
When talking about all PHYs communicating on shielded, balanced, pair of conductors, regardless of transmit bit rate, use:
	MultiG+100M/100M+MultiGBASE-T1
When talking about all PHYs communicating on coaxial cable, regardless of transmit bit rate, use:
	MultiG+100M/100M+MultiGBASE-V1
When talking about all PHYs, regardless of transmit bit rate or cable type, use:
	MultiG+100M/100M+MultiGBASE-T1/V1
The characteristics of each of the 12 PHY types are expanded in Table 202–1.

where

X+Y	represents the transmit and receive bit rates in the PHY name, where X is the transmit bit rate and Y is the receive bit rate
-T1	represents a single shielded balanced pair of conductors (differential (balanced))
-V1	represents a single coaxial cable (single-ended (unbalanced))
	· [bookmark: RTF35383735323a205461626c65]PHY/PMD type definitions 

	PHY name
	Transmit bit rate
	Receive bit rate
	Medium interface

	100M+1GBASE-T1
	100 Mb/s
	1 Gb/s
	Differential (balanced)

	1G+100MBASE-T1
	1 Gb/s
	100 Mb/s
	Differential (balanced)

	100M+2.5GBASE-T1
	100 Mb/s
	2.5 Gb/s
	Differential (balanced)

	2.5G+100MBASE-T1
	2.5 Gb/s
	100 Mb/s
	Differential (balanced)

	100M+5GBASE-T1
	100 Mb/s
	5 Gb/s
	Differential (balanced)

	5G+100MBASE-T1
	5 Gb/s
	100 Mb/s
	Differential (balanced)

	100M+10GBASE-T1
	100 Mb/s
	10 Gb/s
	Differential (balanced)

	10G+100MBASE-T1
	10 Gb/s
	100 Mb/s
	Differential (balanced)

	100M+1GBASE-T1
	100 Mb/s
	1 Gb/s
	Single-ended (unbalanced)

	1G+100MBASE-T1
	1 Gb/s
	100 Mb/s
	Single-ended (unbalanced)

	100M+2.5GBASE-V1
	100 Mb/s
	2.5 Gb/s
	Single-ended (unbalanced)

	2.5G+100MBASE-V1
	2.5 Gb/s
	100 Mb/s
	Single-ended (unbalanced)

	100M+5GBASE-V1
	100 Mb/s
	5 Gb/s
	Single-ended (unbalanced)

	5G+100MBASE-V1
	5 Gb/s
	100 Mb/s
	Single-ended (unbalanced)

	100M+10GBASE-V1
	100 Mb/s
	10 Gb/s
	Single-ended (unbalanced)

	10G+100MBASE-V1
	10 Gb/s
	100 Mb/s
	Single-ended (unbalanced)



Additionally, for parameters that scale with the PHY’s data rate, the parameter S is used for scaling as shown in Table 202–2.
	· [bookmark: RTF33343936333a205461626c65]Scaling parameters

	PHY type
	S

	10G+100MBASE-T1/V1
	1

	5G+100MBASE-T1/V1
	1

	2.5G+100MBASE-T1/V1
	0.5

	1G+100MBASE-T1/V1
	0.5

	100M+MultiGBASE-T1/V1
	0.5


 
· PHY_S Physical Coding Sublayer (PCS)
The PHY_S PCS couples a 10 Gigabit Media Independent Interface (XGMII), as specified in Clause 46, with the MultiG+100MBASE-T1/V1 Physical Medium Attachment (PMA) sublayer. 
In addition to the normal mode of operation, the PHY_S PCS supports a training mode. Furthermore, the PHY_S PCS contains a management interface.
In the transmit direction, in normal mode, the PHY_S PCS receives eight XGMII data octets provided by two consecutive transfers on the XGMII service interface on TXD<31:0> and groups them into 64-bit blocks with the 64-bit block boundaries aligned with the boundary of the two XGMII transfers. Each group of eight octets along with the data/control indications is transcoded into a 65-bit block. These 65-bit blocks are then aggregated into groups of 15 blocks. The contents of each group are contained in a vector tx_group15x65B.
Next, a 1-bit OAM field is appended to form a 976-bit block. A number, L (L = 1 for 1 Gb/s and 2.5 Gb/s, L = 2 for 5 Gb/s, L = 4 for 10 Gb/s), of these 976-bit blocks are formed into an RS-FEC input superframe, then encoded by the RS-FEC(128,122,8) and the round-robin interleaving as described in 202.3.2.2.15. The RS-FEC output superframe consists of L × 1040 bits. The duration of the superframe is 1024 / 3 ns.
NOTE—Duration = L × 1024 bits / bits per symbol / baud rate. For 10 Gb/s, Duration = 4 × 1024 / 2 / 6 GHz; for 5 Gb/s, Duration = 2 × 1024 / 1 / 6 GHz; for 1 Gb/s and 2.5 Gb/s, Duration= 1 × 1024 / 1 / 3 GHz.
Finally these bits are exclusive OR'd with a degree 33 scrambler to create the HS_TX payload. The PHY_S PCS transmit functions are described in 202.3.2.2.
tx_group15x65B<974:0> is defined as:
	tx_group15x65B<65 × i + j> = tx_codedi<j>
where i = 0 to 14, j = 0 to 64, and tx_codedi<64:0> is the ith 64B/65B block where tx_coded0<64:0> is the first block transmitted.
In the training mode (see 202.4.2.4), the PHY_S PCS transmits and receives PAM2 training frames to synchronize to the PHY frame and exchanges MultiG+100M/100M+MultiGBASE-T1/V1 OAM capabilities.
Details of the PCS functions and state diagrams are covered in 202.3. The interface to the PMA is an abstract message-passing interface specified in 202.4.
…
· HS_PATH signaling
HS_PATH signaling is performed by the HS_TX PCS generating continuous code-group sequences that the PMA transmits over a single balanced pair of conductors (-T1) or a single coaxial cable (-V1). The signaling scheme achieves a number of objectives including:
· Forward error correction (FEC) coded symbol mapping for data.
· Algorithmic mapping from TXD<31:0> and TXC<3:0> to PAM2 symbols in the 1 Gb/s, 2.5 Gb/s and 5 Gb/s transmit path, and PAM4 symbols in the 10 Gb/s transmit path.
· Algorithmic mapping from the received signal on the MDI port to RXD<31:0> and RXC<3:0>.
· Uncorrelated symbols in the transmitted symbol stream.
· No correlation between symbol streams traveling in opposite directions.
· Block framing and other control signals.
· Ability to signal the status of the local receiver to the remote PHY to indicate that the local receiver is not operating reliably and requires retraining.
· Ability to automatically detect and correct for signal inversion.
The PHY may operate in two basic modes: the normal data mode or the training mode.
In normal mode, the HS_TX PCS generates a continuous stream of either PAM4 symbols that are transmitted via the PMA at one of four voltage levels for 10 Gb/s or PAM2 symbols that are transmitted via the PMA at one of two voltage levels for 2.5 Gb/s and 5 Gb/s. In training mode, the HS_TX PCS is directed to generate only PAM2 symbols for transmission by the PMA (see Figure 202–26).
…
· When generated
	Editor’s Note (to be removed prior to Working Group Ballot):

Needs review.


The PMA generates PMA_UNITDATA.indication(rx_symb) messages synchronously for every symbol received at the MDI. The nominal rate of the PMA_UNITDATA.indication primitive, as governed by the recovered clock, is 3 GHz for 100M+1GBASE-T1/V1, 100M+2.5GBASE-T1/V1 and MultiG+100MBASE-T1/V1, and 6 GHz for 100M+5GBASE-T1/V1 and 100M+10GBASE-T1/V1. 
…
· [bookmark: RTF33393038333a2048322c312e]Physical Coding Sublayer (PCS) functions
· [bookmark: RTF35363938333a2048342c312e]PCS Transmit function
The PCS Transmit function shall conform to the PCS 64B/65B Transmit state diagram in Figure 202–20 and to the PCS Transmit bit ordering in Figure 202–5 for the LS_TX or Figure 202–6 for the HS_TX.
Dashed rectangles in Figure 202–6 indicate the data path of PAM2 or PAM4 signals. Only one of them shall be chosen for a particular operational speed mode.
	Editor’s Note (to be removed prior to Working Group Ballot):

Consider adding a sentence introducing Figure 202–4.




When communicating with the XGMII, the MultiG+100M/100M+MultiGBASE-T1/V1 PCS uses a four octet-wide, synchronous data path, with packet delimiting being provided by transmit control signals and receive control signals.
Alignment of pairs of XGMII transfers to 64B/65B blocks is performed in the PCS. The PMA sublayer operates independently of PCS block, RS-FEC frames, and higher-layer packet boundaries. The PCS provides the functions necessary to map packets between the XGMII format and the PMA service interface format.
For LS_TX, after mapping the XGMII transfers to 64B/65B blocks, the subsequent functions of the LS_TX PCS Transmit process take 1 group of 15 65B blocks and append a 17-bit OAM field to it, shown in Figure 202–5. This forms the input to the RS_FEC(130,124) which adds 48 parity bits. The resulting 1040 bits are then scrambled. These bits are then mapped, one at a time, into a PAM2 symbol. Transmit data-units are sent to the LS_TX PMA service interface via the PMA_UNITDATA.request primitive.
For HS_TX, after mapping the XGMII transfers to 64B/65B blocks, the subsequent functions of the HS_TX PCS Transmit process take L groups of 15 65B blocks and append a 1-bit OAM field to each group. This forms the input to an L-interleaved RS-FEC(128,122) superframe which adds L × 64 parity bits, shown in Figure 202–6. 25 such superframes are formed for one data payload. L = 1 for 1 Gb/s and 2.5 Gb/s, and L = 2 for 5 Gb/s. For 2.5 Gb/s and 5 Gb/s PAM2 transmission, the resulting L × 1024 × 25 bits are then scrambled. These bits are then mapped, one at a time, into a PAM2 symbol. L = 4 for 10 Gb/s PAM4 transmission. The resulting L × 1024 × 25 bits are then scrambled. These bits are then mapped, two at a time, into a PAM4 symbol. Transmit data-units are sent to the HS_TX PMA service interface via the PMA_UNITDATA.request primitive.
In each symbol period, when communicating with the PMA, the PCS Transmit generates a PAM2 or PAM4 symbol that is transferred to the PMA via the PMA_UNITDATA.request primitive. The symbol period, T, is 1000 / (6 × S) ps. See Table 202–2 for the definition of S.
The operation of the PCS Transmit function is controlled by the PMA_TXMODE.indication message received from the PMA PHY Control function.
If a PMA_TXMODE.indication message has the value SEND_Z, PCS Transmit shall pass a vector of zeros at each symbol period to the PMA via the PMA_UNITDATA.request primitive.
If a PMA_TXMODE.indication message has the value SEND_TS or SEND_TA, PCS Transmit shall generate a sequence (On) defined in 202.3.5 to the PMA via the PMA_UNITDATA.request primitive. These code-groups are used for training mode and only transmit the values {-1, +1}.
During training mode, an Infofield is transmitted at regular intervals containing messages for startup operation. By this mechanism, a PHY indicates the status of its own receiver to the link partner and makes request for remote transmitter settings (see 202.4.2.4).
If a PMA_TXMODE.indication message has the value SEND_N, the PCS is in the normal mode of operation and the PCS Transmit function shall use a 65B coding technique to generate, at each symbol period, code-groups that represent data or control. For LS_TX PHY, during transmission, the 15 blocks of 65B encoded bits are appended with a 17-bit OAM field to form the RS-FEC input frame. During data encoding, LS_TX PCS Transmit utilizes Reed-Solomon encoders to generate and append 48 parity check bits to form 1040-bit (130,124) RS-FEC frames. For HS_TX PHY, during transmission, the 15 blocks of 65B encoded bits are appended with a 1-bit OAM field to form the RS‑FEC input frame. During data encoding, HS_TX PCS Transmit utilizes L-interleaved (L = 1 for 2.5 Gb/s, L = 2 for 5 Gb/s, or L = 4 for 10 Gb/s) Reed-Solomon encoders to generate and append 48 parity check bits to form 1024-bit (128,122) RS‑FEC frames that are interleaved into an L-interleaved RS-FEC superframe.
	Editor’s Note (to be removed prior to Working Group Ballot):

L interleaving and Superframe structure - TBD (similar to 802.3ch format).



· [bookmark: RTF34333931343a2048352c312e]65B RS-FEC transmission code
The PCS uses a transmission code to improve the transmission characteristics of information to be transferred across the link and to support transmission of control and data characters.
The relationship of block bit positions to XGMII, PMA, and other PCS constructs is illustrated in Figure 202–5 for LS_TX, Figure 202–6 for HS_TX, Figure 202–10 for LS_RX, and Figure 202–11 for HS_RX. These figures illustrate the processing of a multiplicity of blocks containing 8 data octets. See 202.3.2.2.4 for information on how blocks containing control characters are mapped.


[Note to Editor:  Change the input to the first dashed line box from “2.5/5 Gb/s path” to “1/2.5/5 Gb/s path”]
…
· Transmit process
The LS_TX PCS transmit process generates blocks based upon the TXD and TXC signals received from the XGMII. 30 XGMII data transfers are encoded into an RS-FEC frame. It takes 1040 PMA_UNITDATA transfers to send an RS-FEC frame of data.
The HS_TX PCS transmit process generates blocks based upon the TXD and TXC signals received from the XGMII. L × 30 XGMII data transfers are encoded into an RS-FEC superframe. For 1 Gb/s, 2.5 Gb/s and 5 Gb/s mode, it takes L × 1024 PMA_UNITDATA PAM2 transfers to send an RS-FEC superframe of data. For 10 Gb/s mode, it takes L × 512 PMA_UNITDATA PAM4 transfers to send an RS‑FEC superframe of data. Where the XGMII and PMA sublayer data rates are not synchronized, the transmit process needs to insert idles, delete idles, or delete sequence ordered sets to adapt between the rates.
The transmit process generates blocks as specified in the PCS 64B/65B Transmit state diagram (see Figure 202–20). The contents of each block are contained in a vector tx_coded<64:0>, which is passed to the transcoder and scrambler. Tx_coded<0> contains the data/ctrl header and the remainder of bits contain the block payload.
· [bookmark: RTF31393331333a2048352c312e]RS-FEC framing and RS-FEC encoder
For LS_TX transmission, the resulting RS-FEC frame of 15 65B blocks, followed by the 17-bit OAM/Reserved field and 48 parity bits is 1040 bits. See Figure 202–5 and 202.3.2.2.16 for details on PCS bit ordering and RS-FEC encoding. The RS-FEC encoding takes the 992-bit vector, consisting of tx_group15x65B, and the 17-bit OAM_field, and shall generate the 6 8-bit parity symbols (48 bits total).
For HS_TX transmission, the resulting RS-FEC frame of 15 65B blocks, followed by the 1-bit OAM/Reserved field and 48 parity bits is 1024 bits. See Figure 202–6 and 202.3.2.2.16 for details on PCS bit ordering and RS-FEC encoding. The RS-FEC encoding takes the 976-bit vector, consisting of tx_group15x65B, and the 1-bit OAM_field, and shall generate the 6 8-bit parity symbols (48 bits total).
· RS-FEC superframe and round-robin interleaving
The interleaver depth L of the transmitter shall be predefined for each speed. When the defined interleaving depth L = 1, there is no interleaving, and the RS-FEC superframe is the same as the RS-FEC frame.
When the defined interleaving depth L > 1, the round-robin interleaving scheme as shown in Figure 202–8 shall be applied.
100M+MultiGBASE-T1/V1 only supports L = 1.
1G+100MBASE-T1/V1 only supports L = 1.
2.5G+100MBASE-T1/V1 only supports L = 1.
5G+100MBASE-T1/V1 only supports L = 2.
10G+100MBASE-T1/V1 only supports L = 4.
The HS_TX PCS Transmit shall aggregate L RS-FEC input frames into an interleaved RS-FEC input superframe. There are 976 × L bits, or 122 × L Reed-Solomon message symbols in total in the input superframe. The corresponding message symbols are as follows:
	m122 × L-1, m122 × L-2, …m1, m0
These message symbols are distributed to L RS-FEC encoders. When L > 1, each RS-FEC encoder receives one out of every L message symbols from the superframe. Otherwise, the RS-FEC encoder operates exactly the same as specified in 202.3.2.2.16.
· [bookmark: RTF36303939343a2048352c312e]RS-FEC recombine 
The L encoded RS-FEC frames are combined into an interleaved RS-FEC superframe when the PHY operates as a HS_RX. The output symbols are as follows:
	m122 × L-1, m122 × L-2, …, m1, m0, p1,5, …, pL,5, …, p1,0, …, pL,0
where pi,r is the rth parity symbol of the ith encoder.

…
· [bookmark: RTF35353636303a2048352c312e]PAM2 mapping
The 1G+100MBASE-T1/V1, 2.5G+100MBASE-T1/V1, 5G+100MBASE-T1/V1, and 100M+MultiGBASE-T1/V1 PHYs PCS transmit process sends out PAM2 symbols according to following mapping: 
Input bit Sn is mapped to the transmit symbol Tn as follows: if Sn = 0, then Tn = +1, if Sn = 1, then Tn = -1.
The 10G+100MBASE-T1/V1 PHY’s PCS transmit process send out PAM2 symbols during its PAM2 transmission period according to the same mapping rules.
· [bookmark: RTF39303238333a2048342c312e]PCS Receive function
The PCS Receive function shall conform to the PCS 64B/65B Receive state diagram in Figure 202–21 and the PCS Receive bit ordering in Figure 202–10 for the LS_RX and Figure 202–11 for the HS_RX, including compliance with the associated state variable as specified in 202.3.7.2.2.
The PCS Receive function accepts received code-groups provided by the PMA Receive function via the parameter rx_symb. The PCS receiver uses knowledge of the encoding rules and PMA training alignment to correctly align the 65B RS-FEC frames. The received PAM2 or PAM4 symbols are demapped and descrambling is performed according to rules.
Following descrambling, the L-interleaved RS-FEC superframe is de-interleaved and the Reed-Solomon frames are decoded with Reed-Solomon error correction. Frames that cannot be corrected are marked with error symbols by the decoder. For LS_RX, the RS-FEC decoded frame is then separated into a 17-bit OAM field and 15 64B/65B blocks. For HS_RX, the RS-FEC decoded frame is then separated into a 1-bit OAM field and 15 64B/65B blocks. In each burst, the 25 superframes can form a 50-bit OAM field for 1 Gb/s mode, 25-bit OAM field for 2.5 Gb/s mode, a 50-bit OAM field for 5 Gb/s mode, and a 100-bit OAM field for 10 Gb/s mode.
This process generates the 64B/65B block vector rx_coded <64:0>, which is then decoded to form the XGMII signals RXD<31:0> and RXC<3:0> as specified in the PCS 64B/65B Receive state diagram (see Figure 202–21). Two XGMII data transfers are decoded from each block. Where the XGMII and PMA sublayer data rates are not synchronized, the receive process inserts idles, deletes idles, or deletes sequence ordered sets to adapt between rates.
During PMA training mode, PCS Receive checks the received PAM2 framing and signals the reliable acquisition of the descrambler state by setting the scr_status parameter of the PMA_SCRSTATUS.request primitive to OK.
	Editor’s Note (to be removed prior to Working Group Ballot):

TBD. Re: 40 consecutive RS-FEC frame errors, is there a LEADER and FOLLOWER difference?



When the PCS Synchronization process has obtained synchronization, the RS-FEC frame error ratio (RFER) monitor process monitors the signal quality and asserts hi_rfer to indicate excessive RS-FEC frame errors. If 40 (TBD) consecutive RS-FEC frame errors are detected, the block_lock flag is de-asserted. The block_lock flag is re-asserted upon detection of a valid RS-FEC frame. When block_lock is asserted and hi _rfer is de‑asserted, the PCS Receive process continuously accepts blocks. The PCS Receive process monitors these blocks and generates RXD <31:0> and RXC <3:0> on the XGMII.
When the receive channel is in training mode, the PCS Synchronization process continuously monitors PMA_RXSTATUS.indication(loc_rcvr_status).
When loc_rcvr_status indicates OK, then the PCS Synchronization process accepts data-units via the PMA_UNITDATA.indication primitive. It attains frame and block synchronization based on the PMA training frames and conveys received blocks to the PCS Receive process when PHY Control is in PCS_TEST or PCS_DATA state. The PCS Synchronization process sets the block_lock flag to indicate whether the PCS has obtained synchronization. The PMA training frame includes a refresh header (see 202.3.5). It also includes training payload which has an Infofield, inserted in the N_infth bit of the training payload (see 202.3.5.3). When the PCS Synchronization process is synchronized to this pattern, block_lock is asserted.


[Note to Editor:  In the top left of the first dashed line box from “2.5/5 Gb/s path” to “1/2.5/5 Gb/s path”]
· Frame and block synchronization
When operating in the data mode, MultiG+100MBASE-T1/V1, 100M+1GBASE-T1/V1, 100M+2.5GBASE-T1/V1, 100M+5GBASE-T1/V1 PHYs receiving PCS shall form a PAM2 stream from the PMA_UNITDATA.indication primitive by concatenating requests in order from rx_PAM2_0 to rx_PAM2_1023 (see Figure 202–10 for LS_RX or Figure 202–11 for HS_RX). The 100M+10GBASE-T1/V1 receiving PCS shall form a PAM4 stream from PMA_UNITDATA.indication primitive by concatenating requests in order from rx_PAM4_0 to rx_PAM4_511 (see Figure 202–10).
The receiving PCS obtains block_lock to the PHY frames during training using synchronization sequence and Infofield provided in the training frames.

· [bookmark: RTF37353630383a2048352c312e]PHY capability bits
	Editor’s Note (to be removed prior to Working Group Ballot):

Need consensus on whether the intent is a multi-rate PHY that may support any combination of rates including a single rate, 2.5G plus another rate, or if it must support all speeds lower than the maximum rate.


When PMA_state<7:6>= 00, then [Oct9<7:0>,Oct10<7:0>] contains the PHY capability bits. Each octet is sent LSB first. See Table 202–10 for the details.
	· [bookmark: RTF32373230323a205461626c65]PHY capability bits

	octet 9
	octet 10

	0
	1
	2
	3
	4
	5
	6
	7
	0
	1
	2
	3
	4
	5
	6
	7

	VendorSpecificData

	PrecodeSel
	OAMEn
	Negotiated speed
	Speed Capability 2.5G
	Speed Capability 5G
	Speed Capability 10G





The format of the PHY cability bits is Oct10<2:0>= Negotiated(operation) High speed, Oct10<7, 5:3>= Speed Capability, Oct10<6>= Reserved,. Oct9<5:0>=VendorSpecificData[5:0], Oct9<6>= PrecoderSel. 
The format of PHY capability bits is Oct10<1:0>= PrecoderSel, Oct10<2>= OAMEn, Oct10<4:3>=Negotiated(operation) High speed, Oct10<7:5>=Speed Capability.  Oct9<7:0>=VendorSpecificData[7:0]. Other bits are reserved.
Speed Capability (PHY_S sets its TX capability and PHY_D set its RX capability): Oct10<3> 1 Gb/s Oct10<54> 2.5 Gb/s capable, Oct10<65> 5 Gb/s capable, Oct10<7> 10 Gb/s capable.
Negotiated High speed: 000 ‑ 1 Gb/s, 001 ‑ 2.5 Gb/s, 010 ‑ 5 Gb/s, 10 ‑ 100 Gb/s
OAMEn: The optional BASE-T1/V1 OAM capability shall be enabled only if both PHYs set the capability bit OAMen=1
PrecodeSel indicates the requested precoder.
The capability bit values shall be considered as valid only when loc_rcvr_status bit is 1.
The criteria to set Negotiated Speed is TBD.
…
· MDI
Communication through the MDI is summarized in 202.4.3.1 and 202.4.3.2.
· [bookmark: RTF37323432323a2048342c312e]MDI signals transmitted by the PHY
	Editor’s Note (to be removed prior to Working Group Ballot):

Assistance needed implementing these changes:
The MDI signals are specified in 149.4.3.1, with the following exceptions:
· The signals are single ended instead of differential for -V1.
· The 100Mb/s signaling uses PAM2 instead of PAM4.
The 1Gb/s signaling uses PAM2 instead of PAM4.
· The 2.5Gb/s signaling uses PAM2 instead of PAM4.
· The 5Gb/s signaling uses PAM2 instead of PAM4.


The symbols to be transmitted by the PMA are denoted by tx_symb. PMA Transmit generates a pulse-amplitude modulated signal in the form shown in Equation (202–17):
· [bookmark: RTF31303534303a204571756174]
In Equation (202–17), an is the PAM4 modulation symbol from the set {–1, –1/3, +1/3, +1} or the PAM2 modulation symbol from the set {–1, +1} to be transmitted at time nT, and hT(t) denotes the system symbol response at the MDI. This symbol response shall comply with the electrical specifications given in 202.5.2.
· Transmitter timing jitter and jitter at the MDI
The following measurements are performed for a PHY in LEADER mode:
· The RMS jitter for jitter frequencies greater than 100 kHz measured in test mode 2 using test fixture 1 for -T1 and test fixture 5 for -V1 shall be less than 1 ps when supporting 10 Gb/s, 2 ps when supporting 5 Gb/s/, and 4 ps when supporting 2.5 Gb/s.
· Peak-to-peak of Time Interval Error measured in test mode 1 using test fixture 2 over a period of 100 ms shall be less than 10 ps when supporting 10 Gb/s, 20 ps when supporting 5 Gb/s, and 40 ps when supporting 2.5 Gb/s.
The following measurements are performed using test fixture 2 (see Figure 202–30) for a PHY in FOLLOWER mode:
· The RMS jitter for jitter frequencies greater than 1 MHz measured in test mode 1 shall be less than 1 ps when supporting 10 Gb/s, 2 ps when supporting 5 Gb/s, and 4 ps when supporting 2.5 Gb/s.
· Peak-to-peak of Time Interval Error over any period of 10 ms measured in test mode 1 over 50 overlapping periods of 10 ms each shall be less than 15 ps for 10 Gb/s, 30 ps for 5 Gb/s, and 60 ps for 2.5 Gb/s. The overlapping period of 5 ms is assumed.
· Transmitter power spectral density (PSD) and power level
	Editor’s Note (to be removed prior to Working Group Ballot):

This statement of test mode 5 signal being continuous rather than bursts should be in the definition of the test mode signal, not here. Do we need a bursty test signal, a continuous test signal, or both?


In test mode 5 (TBD), the transmit signal on the MDI is as in the normal mode but it is continuous with no quiet gap and refresh period. the Transmit power measured in the test mode 5, shall be in the range specified in the Table 202–15 (TBD).
	· [bookmark: RTF38363232383a205461626c65]Power levels

	Transmit rate
	Differential (balanced)
	Single-ended (unbalanced)

	
	Min (dBm)
	Max (dBm)
	Min (dBm)
	Max (dBm)

	1G/2.5G/100M
	0
	2
	-3
	-1

	5G
	2
	4
	-1
	1

	10G
	0
	2
	-3
	-1



The power spectral density of the transmitter of -T1, measured into a 100 W differential load using test fixture 4 (see Figure 202–32), shall be between the upper and lower masks specified in Equation (202–20) and Equation (202–21).
The upper and lower masks for each PHY type of 100M+MultiG BASE-T1, MultiG+100MBASE-T1, are shown in Figure 202–34, Figure 202–35, and Figure 202–36. See Table 202–2 for the definition of S. See Table 202–16 for the definition of PSD mask K factor. 
	· [bookmark: RTF34333632363a205461626c65]PSD mask K factor

	Bit 1.2313.1
	K

	10G+100MBASE-T1/V1
	2

	5G+100MBASE-T1/V1
	0

	2.5G+100MBASE-T1/V1
	0

	1G+100MBASE-T1/V1
	0

	100M+MultiGBASE-T1/V1
	0



· [bookmark: RTF31343739303a204571756174]

· [bookmark: RTF31363130333a204571756174]
where

f	is the frequency in MHz

[Note to Editor:  Add 1G+100MBASE-T1 to the Figure 202-34 caption.]


For the power spectral density of -V1, with single ended termination of 50 W load and test fixture 4 (see Figure 202–32), both upper and lower PSD Masks are lower by 3 dB from Equation (202–20), Equation (202–21), Figure 202–34, Figure 202–35, and Figure 202–35.
· Transmitter peak output
When measured with 100 W termination for -T1 PHYs, the transmit differential signal at the MDI should be less than the peak-to-peak values specified in Table 202–17. When measured with 50 W termination for -V1 PHYs, the transmit signal at the MDI shall be less than the peak-to-peak values specified in Table 202–17. The limits in this clause apply to all transmitted symbol sequences, including SEND_N, SEND_TS, and SEND_TA.
	· [bookmark: RTF37363034363a205461626c65]Transmitter peak-to-peak output

	PHY type
	Peak-to-peak (V)
	PHY type
	Peak-to-peak (V)

	10G+100MBASE-T1
	1.7
	10G+100MBASE-V1
	0.85

	5G+100MBASE-T1
	1.5
	5G+100MBASE-V1
	0.75

	2.5G+100MBASE-T1
	1.3
	2.5G+100MBASE-V1
	0.65

	1G+100MBASE-T1
	1.3
	1G+100MBASE-V1
	0.65

	100M+MultiGBASE-T1
	1.3
	100M+MultiGBASE-V1
	0.65



· Transmitter clock frequency
The symbol transmission rate for the LEADER PHY or a FOLLOWER PHY using a local timing reference shall be within the range 6 × S GHz ± 100 ppm with drift less than 1 ppm/sec).
When the FOLLOWER is using a recovered timing reference, the symbol transmission rate shall stay within ± 10ppm of the recovered clock scaled by S.
· Management interface
	Editor’s Note (to be removed prior to Working Group Ballot):

Need for Auto-Negotiation is TBD.


1G+100MBASE-T1, 2.5G+100MBASE-T1, 5G+100MBASE-T1, 10G+100MBASE-T1, 1G+100MBASE-V1, 2.5G+100MBASE-V1, 5G+100MBASE-V1, 10G+100MBASE-V1, 100M+1GBASE-T1, 100M+2.5GBASE-T1, 100M+5GBASE-T1, 100M+10GBASE-T1, 100M+1GBASE-V1, 100M+2.5GBASE-V1, and 100M+5GBASE-V1, 100M+10GBASE-V1, 2.5GBASE-T1, 5GBASE-T1, and 10GBASE-T1 make extensive use of the management functions that may be provided by the optional MDIO (see Clause 45), and the communication and self-configuration functions provided by the optional (TBD) Auto-Negotiation (see Clause 98).
· [bookmark: RTF32343335383a2048322c312e]Link segment characteristics, -T1
MultiG+100M/100M+MultiGBASE-T1 is designed to operate over a single shielded balanced pair of conductors (-T1) that meet the requirements specified in this subclause. -T1 supports an effective MAC data rate of 1 Gb/s, 2.5 Gb/s, 5 Gb/s, and 10 Gb/s in one direction and, simultaneously, 100 Mb/s in the other direction. Full duplex operation at the logical interface of XGMII is supported.
· [bookmark: RTF35363236383a2048322c312e]Link segment characteristics, -V1
MultiG+100M/100M+MultiGBASE-V1 is designed to operate over a single coaxial cable (-V1) that meet the requirements specified in this subclause. -V1 supports an effective MAC data rate of 1 Gb/s, 2.5 Gb/s, 5 Gb/s, and 10 Gb/s in one direction and, simultaneously, 100 Mb/s in the other direction. Full duplex operation at the logical interface of XGMII is supported.
· Link transmission parameters
The transmission characteristics for a -V1 link segment are specified to support operation over automotive temperature and electromagnetic conditions.
· [bookmark: RTF38373333383a2048322c312e]MDI specification, -T1
MultiG+100M/100M+MultiGBASE-T1 is designed to operate over a single shielded balanced pair MDI (‑T1) that meets the requirements specified in this subclause.
· MDI connectors
The -T1 MDI connectors are as specified in 149.8.1.
· MDI electrical specification
The electrical requirements specified in 202.5.2 and 202.5.3 shall be met when the PHY is connected to the -T1 MDI connector mated with a specified connector to a shielded balanced pair of conductors.
· [bookmark: RTF32373337373a2048342c312e]MDI return loss
The differential impedance at the -T1 MDI for each transmit/receiver channel shall be such that any reflection due to signals incident upon the -T1 MDI from the cabling relative to the incident signal are per the relationship shown in Equation (202–31). For the -T1 PMD, a nominal differential characteristic is impedance of 100 Ω is used.
· [bookmark: RTF31353537373a204571756174]
where

f	is the frequency in MHz.
Fmax	= 4000 MHz for 10G+100M/100M+10GBASE-T1
	= 4000 MHz for 5G+100M/100M+5GBASE-T1
	= TBD MHz for 2.5G+100M/100M+2.5GBASE-T1
	= TBD MHz for 1G+100M/100M+2.5GBASE-T1
[Note to Editor:  1G uses the same Fmax as 2.5G]
Equation (202–31) is plotted in Figure 202–44, which is provided for information only.
· MDI return loss
The differential impedance at the -V1 MDI for each transmit/receiver channel shall be such that any reflection due to signals incident upon the -V1 MDI from the cabling relative to the incident signal are per the relationship shown in Equation (202–32). For the -V1 PMD, a nominal differential characteristic is impedance of 50 Ω is used.
· [bookmark: RTF36323738323a204571756174]
where

f	is the frequency in MHz.
Fmax	= 4000 MHz for 10G+100M/100M+10GBASE-T1
	= 4000 MHz for 5G+100M/100M+5GBASE-T1
	= TBD MHz for 2.5G+100M/100M+2.5GBASE-T1
	= TBD MHz for 1G+100M/100M+2.5GBASE-T1
Equation (202–32) is plotted in Figure 202–45, which is provided for information only.

· Delay constraints
	Editor’s Note (to be removed prior to Working Group Ballot):

Exceptions and modifications TBD.


In full duplex mode, predictable operation of the MAC Control PAUSE operation (Clause 31, Annex 31B) also demands that there be an upper bound on the propagation delays through the network. This implies that MAC, MAC Control sublayer, and PHY implementers conform to certain delay maxima, and that network planners and administrators conform to constraints regarding the cable topology and concatenation of devices.
The sum of the transmit and receive data delays for an implementation of the PHY shall not exceed the limits shown in Table 202–19. Transmit data delay is measured from the input of a given unit of data at the XGMII to the presentation of the same unit of data by the PHY to the MDI. Receive data delay is measured from the input of a given unit of data at the MDI to the presentation of the same unit of data by the PHY to the XGMII.
NOTE—The physical medium interconnecting two PHYs introduces additional delay in a link.
	· [bookmark: RTF34323135373a205461626c65]Delay Limits

	Mode
	Bit times
	Pause Quanta
	Delay (ns)

	100MBASE-T1/V1 LS_PATH
	1024
	2
	10 240

	1GBASE-T1/V1 HS_PATH
	To be calculated
	To be calculated
	To be calculated

	2.5GBASE-T1/V1 HS_PATH
	10 240
	20
	4096

	5GBASE-T1/V1 HS_PATH
	13 824
	27
	2764.8

	10GBASE-T1/V1 HS_PATH
	20 480
	40
	2048



· Protocol implementation conformance statement (PICS) proforma for Clause 202, TDD proposal, Physical Coding Sublayer (PCS), Physical Medium Attachment (PMA) sublayer, and baseband medium, type 100M+1GBASE‑T1, 1G+100MBASE-T1, 100M+2.5GBASE‑T1, 2.5G+100MBASE-T1, 100M+5GBASE-T1, 5G+100MBASE-T1, 100M+10GBASE-T1, 10G+100MBASE-T1, 100M+1GBASE‑V1, 1G+100MBASE-T1, 100M+2.5GBASE-V1, 2.5G+100MBASE-V1, 100M+5GBASE-V1, 5G+100MBASE-V1, 100M+10GBASE-V1, 10G+100MBASE-V1[footnoteRef:1] [1: Copyright release for PICS proformas: Users of this standard may freely reproduce the PICS proforma in this subclause so that it can be used for its intended purpose and may further publish the completed PICS.] 

· Introduction
The supplier of a protocol implementation that is claimed to conform to Clause 202, TDD proposal, Physical Coding Sublayer (PCS), Physical Medium Attachment (PMA) sublayer, and baseband medium, type 100M+1GBASE‑T1, 1G+100MBASE-T1, 100M+2.5GBASE‑T1, 2.5G+100MBASE-T1, 100M+5GBASE-T1, 5G+100MBASE-T1, 100M+10GBASE-T1, 10G+100MBASE-T1, 100M+1GBASE‑V1, 1G+100MBASE-V1, 100M+2.5GBASE-V1, 2.5G+100MBASE-V1, 100M+5GBASE-V1, 5G+100MBASE-V1, 100M+10GBASE-V1, 10G+100MBASE-V1, shall complete the following protocol implementation conformance statement (PICS) proforma.
A detailed description of the symbols used in the PICS proforma, along with instructions for completing the PICS proforma, can be found in Clause 21.
· Identification
· 
· Protocol summary
	Identification of protocol standard
	IEEE Std 802.3xx-202x, Clause 202, TDD proposal, Physical Coding Sublayer (PCS), Physical Medium Attachment (PMA) sublayer, and baseband medium, type 100M+1GBASE‑T1, 1G+100MBASE-T1, 100M+2.5GBASE‑T1, 2.5G+100MBASE-T1, 100M+5GBASE-T1, 5G+100MBASE-T1, 100M+10GBASE-T1, 10G+100MBASE-T1, 100M+1GBASE‑V1, 1G+100MBASE-V1, 100M+2.5GBASE-V1, 2.5G+100MBASE-V1, 100M+5GBASE-V1, 5G+100MBASE-V1, 100M+10GBASE-V1, 10G+100MBASE-V1

	Identification of amendments and corrigenda to this PICS proforma that have been completed as part of this PICS
	

	Have any Exception items been required?    No [ ]           Yes [ ]
(See Clause 21; the answer Yes means that the implementation does not conform to IEEE Std 802.3xx-202x.)

	
	

	Date of Statement
	


· 
· PICS proforma tables for TDD proposal, Physical Coding Sublayer (PCS), Physical Medium Attachment (PMA) sublayer, and baseband medium, type 100M+1GBASE‑T1, 1G+100MBASE-T1, 100M+2.5GBASE‑T1, 2.5G+100MBASE-T1, 100M+5GBASE-T1, 5G+100MBASE-T1, 100M+10GBASE-T1, 10G+100MBASE-T1, 100M+1GBASE‑V1, 1G+100MBASE-V1, 100M+2.5GBASE-V1, 2.5G+100MBASE-V1, 100M+5GBASE-V1, 5G+100MBASE-V1, 100M+10GBASE-V1, 10G+100MBASE-V1
Table 98B-1b:  Add rows 
	A17
	100M+1GBASE-T1/V1 ability

	A18
	1G+100MBASE-T1/V1 ability



Table 98B–2—Priority Resolution
Add rows and columns associated with 100M+1GBASE-T1/V1 and 1G+100MBASE-T1/V1.  Priority parameters are TBD.
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