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Comments on the Time Base Structure of
TG3

Subir Varma

Aperto Networks

1.0 Choiceof TimeBase

The time base definition in the TG1 specification is as follows (Section 6.2.2.3.1 of
802.16.1/D1):

The available bandwidth in both directions is defined with a granularity of one PHY slot
(PS), which is at a multiple of 4 modulation symbols each. The upstream bandwidth allo-
cation MAP (UL_MAP) uses time units of “ mini-slots’ . The size of the mini-slot is speci-
fied as a number of PHY dots (PS) and is carried in the Physical Channel Descriptor for

each upstream channel. One mini-slot contains N PHY slots, where N = 2™, (where m=
0...7). The additional BStime resolution (that is needed for distance ranging), is given by
(Symbol Time/4)

There are several issues that arise with this definition of the time base:

* Ashas been pointed out in [1], asingle OFDM symbol can carry hundreds of bytes of
data. Hence by specifying that the smallest time unit is4 symbols, it forces the smallest
transmission unit to contain alarge amount of data, and also forces avery coarse level
of granularity on all transmissions. Thisleadsto waste of bandwidth and system in-effi-
ciency.

» Thesize of the additional BS time resolution is afunction of the symbol time. Once
again, for OFDM systems this scheme does not work very well. For example, if the
symbol timeis 50 us, then the time resolution is 12.5 us, which is too coarse to do any
meaningful distance ranging.

In order to resolve these issues, we propose the following aternative time base definition:
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FIGURE 1.

The base time unit iscalled atick and is of duration 1 us, independent of the symbol rate,
and is counted using a 26 bit counter. The additional BS resolution is of duration (1 tick/
64) = 15.625 ns. The BS uses a 32 bit counter, of which the most significant 26 bits are
used to count the ticks. The Mini-Slot count is derived from the tick count by means of a
divide by M operation. Note that the divisor M is not necessarily a power of 2.

For arbitrary symbol rates, the main constraint in the definition of a mini-slot, is that the
number of symbols per mini-slot be an integer. For example given a symbol rate of R
Symbolg/tick, and M ticks/mini-slot, the number of symbols per mini-slot N, is given by
N = MR. In this situation, M should be chosen such that N is an integer. In order to acco-
modate a wide range of symbol rates, it isimportant not to contrain M to be a power of 2.

This new definition of time base resolves the problems mentioned above:

» Sincetheadditional BSresolution isindependent of the symbol rate, the system can use
an uniform time reference for distance ranging

 In order to show that the time base is applicable to single carrier and OFDM symbol
rates, consider the following examples: (a) Single Carrier System - Given asymbol rate
of 4.8 Msymbols/s (on a6MHz channel), if the mini-slot duration is chosen to be 10
ticks (i.e., M = 10), then there are 48 symbol s/mini-slot. Given 16QAM modulation this
corresponds to agranularity of 24 bytes/mini-slot (b) OFDM System - Given an OFDM
symbol time of 50 us, the mini-slot duration is also chosen to be 50 ticks (i.e., M = 50).
In this case there is only a single symbol per mini-slot.
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2.0 Minidot Numbering and Flexible Scheduling
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FIGURE 2. MAP relevancefor burst PHY systems

In order to synchronize the clocks in the BS and the CPES, the BSC periodically broad-
casts atimestamp to all SSs. For the FDD case in the current TG1 specification, the times-
tamp isinserted in the DL-MAP message. The SS recovers the BS clock using this
timestamp, and this also enables it to synchronize its mini-slot count with that of the BS.
Note that the mini-slot count spans multiple framesin this case.

However for the TDD and HD-FDD case, there is no mechanism specified for sending the
timestamp. Also the mini-slot count is reset at the start of every frame. The implication of
thisdesign isthat it should be possible for the SS to achieve clock synchronization with
ths BS, without the use of periodic timestamps from the BS. This design should work in
principle (albeit with a different PLL implementation at the CPE), however it leadsto a
loss of scheduling flexibility in certain cases, for example:

* The UL-MAP and DL-MAP packets are restricted to describing the frame in which
they are sent: If the mini-slot count is not reset in every frame, then the MAP packets
can describe parts of the next frame as well. Such a design can reduce the real time pro-
cessing requirement at the CPE.

» TheAcknowledgement Timefield inthe UL-MAP isrestricted to refer to atime instant
in the previous frame: This also imposes areal time constrant on the BS scheduler that
it be invoked in the previous frame. If the scheduler isimplemented in software, then
this requirement may be difficult to meet. If the mini-slot count is not reset in every
frame, then the ACK Time can describe atime instant that is further in the past, which
will remove this constraint.

We propose that TDD and HD-FDD systems employ the same timestamp based synchro-
nization scheme that is employed by FDD systems. These timestamps are broadcast by the
BSto all the SS, in aspecia SYNC packet, rather than in the DL_MAP packet. We also
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propose that the TDD and HD-FDD systems employ arunning mini-slot count, rather than
resetting it in every frame. These changes will lead to acommon PLL design for FDD and
TDD systems, and also increase the scheduling flexibility of the system.

As shown in Figure 4, the portion of the time axis decribed by aMAP is a contiguous area
whose duration is equal to the size of aframe. In the example shown in Figure 4, it con-
sists of a portion of the downstream time of the frame in which MAP is contained, the
upstream time in this frame, followed by a portion of the downstream time in the next
frame. The fraction of the downstream time in the current frame (or alternatively, the
Allocation Start Time), isaquantity that is under the control of the scheduler, and when
et to zero, corresponds to the Minimum Time Relevance scenarion in Figure 56 of the
TGL1 specification. Note that with thisdesign, it is no longer necessary to use a pre-defined
set of frame sizes, but it can be changed under the control of the scheduler.

3.0 MAP Packet Related | ssues

The TG1 specification defines downstream MAP IEs for the TDM case (Figure 15 of the
TGL1 specification), but not for the TDMA case. We compl ete the picture by defining
MAP IEsfor the TDMA case in Figure 13 of this contribution.

The TG1 specification uses 2 different MAP packets, namely the DL-MAP to describe the
downstream and the UL-MAP to describe the upstream portions of the frame. Thismain
advantage of this structureisthat it allows FDD systemsin which there is a single down-
stream channel coupled with multiple upstream channels.

For TDD and HD-FDD systems, thereis currently an assymetry in the specification of the
downstream and upstream bursts. Upstream bursts are defined in the UL-MAP message,
while downstream bursts are defined in the DL-MAP message. This design has the follow-
ing drawbacks:

» Thelocation of upstream bursts is specified using mini-slot numbering, while the loca-
tion of the downstream bursts is specified using physical slot (PS) numbering. This
forces the MAP parser to use two different techniques for locating bursts. It would si
plify things if the mini-slot based numbering was used to locate both upstream and
downstream bursts.

» Theidentity of the Connection ID is specified only for upstream bursts, but not for
downstream bursts. This forces the SSto receive and decode every downstream burst,
which means that the BSis forced to transmit every downstream burst with maximum
power so that it getsto every SS. This situation can beimproved if the connection ID is
also specified for downstream bursts. Thus the SS can then turn on its receiver only
when it needs to receive aburst that is addressed to it. Thiswill also allow the BSto
vary the downstream power as a function of the SSto which the burst is going to, thus
reducing the amount of interference.

If the above suggestions are accepted, then there is no need to have two different MAP,
messages, indeed the UL-MAP and DL-MAP messages can be consolidated into asingle
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MAP message. Thuswill avoid the extra overhead associated with the transmission of two
packets vs one.
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3.1 Specific Commentson Section 6.2.1.2.3
Replace the contents of Section 6.2.1.2.3 by the following:
2.5.3 MAP Message

The MAP message all ocates access to the upstream channel for FDD systems, and to both
downstream and upstream slots for TDD and HD-FDD systems.

0 8 16 24 31
| | |
MAC Management Header
Channel ID CD Count PHY Type Frame
Length

Base Station ID[0:31]

Base Station ID[32:63]

Number of Downstream |Es Number of Upstream IEs

Allocation Start Time

Acknowledgement Time

Ranging Backoff Ranging Backoff Request Backoff| Request Backoff
Start End Start End

Downstream |E #1

Downstream |E #n
Upstream |E #1

Upstream [E #m

FIGURE 3. MAP M essage Format
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Channdl ID

For FDD systems, the identifier of the uplink channel to which this message refers. For
TDD systems, the identifier of the uplink and downlink channel to which this message
refers.

CD Count

Matches the value of the Configuration Change Count of the CD which describes the burst
parameters that apply to this map.

PHY Type
0=TDD
1=HD-FDD
2=FDD

Frame Length

Number of Downstream | Es

For FDD systemsthisfield is not used. For TDD systemsthisfield contains the number of
downstream IEs in the map.

Number of Upstream | Es
Thisfield contains the number of upstream IEsin the MAP.
Allocation Start Time

For FDD systems, the effective start time of the uplink allocation defined by the MAP, in
units of mini-slots. For TDD or HD-FDD systems, the effective start time of the downlink
+ uplink alocation, in units of mini-slots. In both cases, the start time isrelative to the
time of BSinitialization.

Ack Time

Latest time processed in uplink, in units of mini-slots. Thistimeis used by the SSfor col-
lission detection purposes. The ack timeisrelative to the time of BSinitialization.

Ranging Backoff Start

Initial back-off window for initial ranging contention, expressed as a power of 2. Values
of nrange from O - 15 (the highest order bits must be unused and set to 0).

Ranging Backoff End
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Final back-off window for initial ranging contention, expressed as a power of 2. Values of
n range from O - 15 (the highest order bits must be unused and set to 0).

Request Backoff Start

Initial back-off window for contention requests, expressed as a power of 2. Values of n
range from O - 15 (the highest order bits must be unused and set to 0).

Request Backoff End

Final back-off window for contention requests, expressed as a power of 2. Vaues of n
range from O - 15 (the highest order bits must be unused and set to 0).

Downstream MAP |Es

These are shown in Figures 13 and 14 and 15.

Bit0 15 31
Connection ID (16 bits) DIUC Slot Offset (12 bits)
(4 bits)
MPDL%i IZDéayI oad (12 bits Link Control (16 bits) RSVD

FIGURE 4. Downstream MAP | E Format for Downstream Data (DIUC =8, 9, 10, 11, 12 or 13)

Bit O 15 31
_ DIUC
Connection ID ACK/NACK
Status
Sequence Number RSVD

FIGURE 5. Downstream MAP |E Format for ACKsfor Upstream Data (DIUC =7)

10



January 19, 2001 | EEE 802.16.3c-01/22

Bit O 15 31

DIUC
Connection ID Slot Offset

FIGURE 6. Downstream MAP |E Format for Control Packets (DIUC = 6)
Upstream MAP |Es

These are shown in Figures 16 and 17.

Bit 0 15 31
Connection ID (16 bits) ulucC Slot Offset (12 bits)
(4 bits)
MPDléi ZPéetyI oad (12 bits Link Control (16 bits) RSVD

FIGURE 7. Upstream MAP |E Format for Upstream Data Grants (UIUC =4, 5,6, 7, 8 or 9)

Bit O 15 31

Connection ID UIUC Slot Offset

FIGURE 8. Upstream MAP |E Format for Upstream Control Packets (UIUC =1, 2, 3)

11
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TABLE 1.

Connection
|E Name uluc ID Mini-dot Offset
ACK 12 unicast Starting Offset of ACK region

3.2 Specific Commentson Section 6.2.1.2.4

Replace the contents of Section 6.2.1.2.4 by the following:

2.5.4 SYNC Message

The SYNC packet carries the 32-bit timstamp from the BS to each of the SS. The SYNC
message format shall be as shown in Figure 15

8 16 24

31

| | |
MAC Management Header

BS TimeStamp

Frame Size

FIGURE 9. SYNC Message For mat

The parameters are defined below:

BS Timestamp. The count state of an incrementing 32 bit binary counter clocked with the

BS 64 MHz master clock.

Frame Size. The Frame Size that the scheduler is currently using, in units of ticks. This
information is used by the SS during initialization, to start receiving the MAP packets.

12
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The BS timestamp represents the count state at the instant that the first byte of the SYNC
message is transferred from the MAC layer to the PHY layer.

4.0 Specific Commentson Section 6.2.2.3.1

M Mini-Slots
- >
Downlink Subframe Uplink Subframe
- > - >
>
MSn Adaptive MS (n + M)
= m m | Framej-1 Frame | Framej+1 Framej+2 | m mm m

FIGURE 10. TDD Frame Structurewith M mini-slots per frame

Replace Figure 121 by Figure 19 above. Replace thecontents of Section 6.2.2.3.1 with the
following:

The available bandwidth in both directions is defined with the granularity of onetick,
which is of duration equal to one microsecond. The number of ticks with each frameis
independent of the modulation rate. The Mini-Slot count is derived from the tick count by
means of adivide by M operation. Note that the divisor M is not necessarily a power of 2.
For arbitrary symbol rates, the main constraint in the definition of amini-dot, isthat the
number of symbols per mini-slot be an integer. For example given a symbol rate of R
Symbolg/tick, and M ticks/mini-slot, the number of symbols per mini-slot N, is given by
N = MR. In this situation, M should be chosen such that N is an integer. The frame size
should be selected so that the number of mini-slots per frame is an integer.

5.0 Specific Commentson Sections6.2.2.3.1.1 and 6.2.2.3.1.2

Delete Sections 6.2.2.3.1.1 and 6.2.2.3.1.2 and replace the contents of Section 6.2.2.3.1.2
(re-named to System Timing) by the following:

13
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6.2.2.3.1.2 System Timing

The system timing is based on the System Time Stamp reference, which isa32-bit counter
that increments at arate of 64 MHz. The 26 most significant bits of this counter increment
at arate of 1 MHz, and count the 1 usticks, while the 6 least significant bits are used to
provide additional time resolution that equals 1/64th of atick.This allows the SSto track
the BS with asmall time offset.

The BS maintains a separate System Time Stamp for each port in the TDD case, or for
each upstream/downstream port pair, in the FDD case. The value of the BS System Time
Stamp is broadcast to all the SS using the SY NC message. Each SS maintainsits own Sys-
tem Time Stamp so that it is synchronous with the BS Time Stamp for the channel that it is
using. The SS Time Stamp must change at the same rate as its BS counterpart, but all
upstream transmissions are offset from it so that the upstream bursts arrive at the BS at the
correct time. Similarly for TDD and HD-FDD systems there is an offset for receiving the
downstream transmissions. In general these two offsets are different. The upstream offset
isafunction of the fixed PHY delays plus the variable propagation delay between the BS
and the SS and is set by the BS using the RNG-RSP message. The downstream offset isa
function of the fixed PHY delay.

6.0 Specific Commentson Section 6.2.2.3.2

Replace the contents of Section 6.2.2.3.2 by the following:
6.2.2.3.2 Mini-Slot Definition

The bandwidth allocation MAP usestime units of “mini-slots’ for allocating bandwidth in
the upstream for FDD systems and for allocating BW in both upstream and downstream in
TDD and HD-FDD systems. The size of the mini-slot (M) is dpecified as a number of
ticks and is carried in the Channel Descriptor for each channel. One mini-slot contains M
ticks, where M is not necessarily a power of 2. The value of M should be chosen so that
the number of symbols per mini-slot (N) is an integer. The frame size should be chosen so
that the number of mini-slots per frameis an integer.

In order to show that the time base is applicable to single carrier and OFDM symbol rates,
consider the following examples: (a) Single Carrier System - Given asymbol rate of 4.8
Msymbols/s (on a 6MHz channel), if the mini-slot duration is chosen to be 10 ticks (i.e.,
M = 10), then there are 48 symbols/mini-slot. Given 16QAM modulation this corresponds
to agranularity of 24 bytes/mini-sot (b) OFDM System - Given an OFDM symbol time of
50 us, the mini-slot duration is also chosen to be 50 ticks (i.e., M = 50). In thiscasethereis
only asingle symbol per mini-slot.

A mini-glot isthe unit of granularity for data transmissions. There is no implication that
any PDU can actually be transmitted in a sigle mini-slot.

14
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Figure 3 (of this contribution) illustrates the mapping of the System Time Stamp main-
tained in the BS to the BS mini-glot counter. The BS and SS base their transmit or receive

allocations on a 32-hit counter that normally counts to 232-1 and then wraps back to zero.
The 26 most signficant bits of this counter are subject to a Divide-by-M operation, to
derive the mini-slot counter.

7.0 Specific Commentson Section 6.2.2.4.1

Replace Figures 53 and 56 in the TG1 specification by Figure 4 of this contribution.
Replace the text in Section 6.2.2.4.1 by the following:

Asshown in Figure 4, the portion of the time axis decribed by aMAP is a contiguous area
whose duration is equal to the size of aframe. In the example shown in Figure 4, it con-
sists of aportion of the downstream time of the frame in which MAP is contained, the
upstream time in this frame, followed by a portion of the downstream time in the next
frame. The fraction of the downstream time in the current frame (or alternatively, the
Allocation Start Time), is aquantity that is under the control of the scheduler, and when
Set to zero, corresponds to the Minimum Time Relevance scenarion in Figure 59 of the
TGL1 specification. Note that with thisdesign, it is no longer necessary to use a pre-defined
set of frame sizes, but it can be changed under the control of the scheduler.
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