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1. Introduction
The contribution proposes the text of frame structure section to be included in the 802.16m amendment. The proposed text is developed so that it can be readily combined with IEEE P802.16 Rev2/D7 [1], it is compliant to the 802.16m SRD [2] and the 802.16m SDD [3], and it follows the style and format guidelines in [4].
2. Modifications to the SDD text
The text proposed in this contribution is based on subclauses 11.1 to 11.4 in the IEEE 802.16m SDD [3]. The modifications to the SDD text are summarized below:
· Changed terminology for legacy equipment/operation used in [2][3] as follows: 
legacy MS/IEEE 802.16e MS to WirelessMAN-OFDMA MS, 
legacy BS/IEEE 802.16e BS to WirelessMAN-OFDMA BS, 
legacy zone/IEEE 802.16e zone to WirelessMAN-OFDMA zone
· Inserted an introduction subclause under Physical Layer section, and specified the 802.16m duplex mode and DL/UL multiple access as written in subclause 11.1 and 11.2 of [3].  

· Added the almost same text of OFDMA symbol time/frequency description and transmitted signal shown in subclause 8.4.2 of [1] (WirelessMAN-OFDMA PHY section)
· Updated the section of frame structure supporting legacy frame:
Subclause 11.4.2 of the 802.16m SDD [3] explains how to configure and operate 802.16m system for supporting legacy MS from the view point of frame structure, but most text in the subclause is written in the stage 2 document style (i.e. high-level description). Hence, we have modified the legacy frame supporting section in the proper style, with specifying how to configure the legacy zone and to use the legacy control message for supporting legacy MSs.
· Left the section of relay frame structure as TBD:

Since discussion and selection of the relay frame structure is one of topics for November 802.16m meeting, an inclusion of the relay frame structure is deferred.
· Left the section of H-FDD frame structure as TBD:

One of key considerations in design of H-FDD frame structure is DL broadcasting control channel structure; e.g. SCH transmission periodicity. Since many decisions on the structure of DL broadcasting control channel are not made yet, an inclusion of the H-FDD frame structure is deferred. 
· Not included the section of co-existence with LTE TDD/LCR-TDD of [3]: 

Subclause 11.4.5 of the 802.16m SDD [3] explains how to configure and operate 802.16m system for co-existence with LTE TDD/LCR-TDD, but such description is not proper for frame structure section in the stage 3 specification. It would be better to be specified later in a separated section together with the whole system operation required for the co-existence.
· Set the default number of switching points in 5ms TDD frame to two. 

As shown in the analysis and simulation results [5], a performance difference between two switching and four switching points is hardly noticeable. It is preferable to keep the option of two switching points only considering that it will be the two switching points option which is likely to be practical and given that the option of four switching points has a limitation of not supporting the legacy equipment. However, depending on the application (e.g., multi-hop relay), additional number of switching point may be needed. For this reason, we propose to set the default number of switching points to two, and put such sentence that other number of switching points may be considered depending on the application.
· Limited the TDD DL/UL ratios to a set of the selected combinations, but left this set as TBD: 
It is proposed that the TDD DL/UL ratios is limited to a set of the selected combinations, for example D:U = {8:0, 6:2, 5:3, 4:4, 3:5}, which are practically of importance. However, for further discussion in TGm, the set is left as TBD in this contribution.
Lastly, it is noted that, even though the proposed text in this contribution includes only the frame structure for channel bandwidth of 5 MHz, 10 MHz, and 20 MHz, the structures for 8.75MHz and 7MHz should be also defined in the 802.16m amendment. The authors suggest specifying the frame structures for 8.75MHz and 7MHz after finalizing the structure for 5/10/20 MHz, for maximizing commonality between them. 
3. References
[1] IEEE P802.16 Rev2/D7, “Draft IEEE Standard for Local and Metropolitan Area Networks: Air Interface 
for Broadband Wireless Access,” Oct. 2008.

[2] IEEE 802.16m-07/002r6, “802.16m System Requirements” 
[3] IEEE 802.16m-08/003r5, “The Draft IEEE 802.16m System Description Document”
[4] IEEE 802.16m-08/043, “Style guide for writing the IEEE 802.16m amendment”
[5] IEEE C802.16m-08/669, “Performance Comparison between 2- and 4-Switching Points in 5ms TDD Frame.”
4. Text proposal for inclusion in the 802.16m amendment
-------------------------------  Text Start  --------------------------------------------------- 
3. Definitions
Insert the following at the end of section 3:
3.xx superframe: A structured data sequence of fixed duration used by the Advanced Air Interface specifications. A superframe is comprised of four frames.

3.xx subframe: A structured data sequence of a specific duration used by the Advanced Air Interface specifications. 
3.xx multi-carrier: More than 1 OFDMA carrier is used to exchange data between BS and MSs
3.xx primary carrier: BS and the MS exchange traffic and full PHY/MAC control information defined in the Advanced Air Interface specification. Further, the primary carrier is used for control functions for proper MS operation, such as network entry. Each MS shall have only one  carrier it considers to be its primary carrier in a cell. 
3.xx secondary carrier: MS may use for traffic, only per BS’s specific allocation commands and rules,typically received from the primary carrier. The secondary carrier may also include control signaling to support multicarrier operation.

3.xx fully configured carrier: A carrier for which all control channels including synchronization, broadcast, multicast and unicast control signaling are configured. Further, information and parameters regarding multi-carrier operation and the other carriers can also be included in the control channels.
3.xx partially configured carrier: A carrier with essential control channel configuration to support traffic exchanges during multi-carrier operation
Abbreviations and acronyms
Insert the following at the end of section 4:
SFH


Superframe Header

Insert a new section 15: 
4. Advanced Air Interface 

4.1. Physical layer 
Introduction
The Advanced Air Interface is designed for NLOS operation in the licensed frequency bands below 6 GHz.
The Advanced Air Interface supports TDD and FDD duplex modes, including H-FDD MS operation. Unless otherwise specified, the frame structure attributes and baseband processing are common for all duplex modes.
The Advanced Air Interface uses OFDMA as the multiple access scheme in the downlink and uplink. 
OFDMA symbol description, symbol parameters and transmitted signal 
Time domain description 

Inverse-Fourier-transforming creates the OFDMA waveform; this time duration is referred to as the useful symbol time 
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 of the useful symbol period, termed CP, is used to collect multipath, while maintaining the orthogonality of the tones. Figure 1 illustrates this structure.
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Figure 1 – OFDMA symbol time structure
Frequency domain description 

The frequency domain description includes the basic structure of an OFDMA symbol. 

An OFDMA symbol is made up of subcarriers, the number of which determines the FFT size used. There are several subcarrier types: 

· Data subcarriers: for data transmission
Pilot subcarriers: for various estimation purposes 
Null carrier: no transmission at all, for guard bands and DC carrier 

The purpose of the guard bands is to enable the signal to naturally decay and create the FFT “brick wall” shaping.  
Primitive parameters 

The following four primitive parameters characterize the OFDMA symbol: 

· BW: The nominal channel bandwidth. 
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: Number of used subcarriers (which include the DC subcarrier).
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: Sampling factor. This parameter, in conjunction with BW and 
[image: image6.wmf]used

N

 determines the subcarrier spacing and the useful symbol time. This value is set as follows: for channel bandwidths that are a multiple of 1.75 MHz, then 
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= 8/7; else, for channel bandwidths that is a multiple of 1.25 MHz, then 
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= 28/25. 
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: This is the ratio of CP time to “useful” time. The following values shall be supported: 1/8 and 1/16.
Derived parameters 

The following parameters are defined in terms of the primitive parameters of 15.3.2.3: 
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Sampling Frequency: 
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Subcarrier spacing: 
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Useful symbol time: 
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CP time: 
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OFDMA symbol time: 
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Sampling time: 
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Values of the derived parameters and the primitive parameters above are specified in Table 1. 

Table 1 – OFDMA parameters
	The nominal channel bandwidth, BW (MHz)
	5
	7
	8.75
	10
	20

	Sampling factor, 
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	28/25
	8/7
	8/7
	28/25
	28/25

	Sampling frequency, 
[image: image19.wmf]s
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 (MHz)
	5.6
	8
	10
	11.2
	22.4

	FFT size, 
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	512
	1024
	1024
	1024
	2048

	Subcarrier spacing, 
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(kHz)
	10.94
	7.81
	9.77
	10.94
	10.94

	Useful symbol time, 
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 (us)
	91.4
	128
	102.4
	91.4
	91.4

	CP ratio, G = 1/8
	OFDMA symbol time, 
[image: image23.wmf]s
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 (us)
	102.82
	144
	115.2
	102.82
	102.82

	
	Number of OFDMA symbols
per 5ms frame
	48
	34
	43
	48
	48

	
	Idle time (us)
	62.86
	104
	46.40
	62.86
	62.86

	CP ratio, G = 1/16
	OFDMA symbol time, 
[image: image24.wmf]s
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 (us)
	97.143
	[TBD]
	[TBD]
	97.143
	97.143

	
	Number of OFDMA symbols
per 5ms frame
	51
	[TBD]
	[TBD]
	51
	51

	
	Idle time (us)
	45.71
	[TBD]
	[TBD]
	45.71
	45.71

	Number of Guard Sub-Carriers
	Left
	40
	80
	80
	80
	160

	
	Right
	39
	79
	79
	79
	159

	Number of Used Sub-Carriers
	433
	865
	865
	865
	1729

	Number of Physical Resource Blocks (18x6)
	24
	48
	48
	48
	96


Transmitted signal

Equation (1) specifies the transmitted signal voltage to the antenna, as a function of time, during any OFDMA symbol.
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Where, 
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 is the time, elapsed since the beginning of the subject OFDMA symbol, with 
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[image: image28.wmf]k
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 is a complex number; the data to be transmitted on the subcarrier whose frequency offset index is k, during the subject OFDMA symbol. It specifies a point in a QAM constellation. 
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 is the guard time 
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 is the OFDMA symbol duration, including guard time.
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Definition of basic terms on the transmission chain 
The basic terms related with the transmission chain shall be defined as illustrated in Figure 2.
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Figure 2 – Definition of basic terms on the transmission chain
Frame Structure

Basic frame structure
The advanced air interface basic frame structure is illustrated in Figure 3. Each 20 ms superframe is divided into four equally-sized 5 ms radio frames. When using the same OFDMA parameters as in Table 1 with the channel bandwidth of 5 MHz, 10 MHz, or 20 MHz, each 5 ms radio frame further consists of eight subframes. A subframe shall be assigned for either DL or UL transmission. There are two types of subframes depending on the size of cyclic prefix: 1) the type-1 subframe which consists of six OFDMA symbols and 2) the type-2 subframe that consists of seven OFDMA symbols. In both subframe types, some of symbols may be idle symbols.
The basic frame structure is applied to FDD and TDD duplexing schemes, including H-FDD MS operation. The default number of switching points in each radio frame in TDD systems shall be two, where a switching point is defined as a change of directionality, i.e., from DL to UL or from UL to DL. Depending on the application additional number of switching points (up to 4) may be considered.
When H-FDD MSs are included in an FDD system, the frame structure from the point of view of the H-FDD MS is similar to the TDD frame structure; however, the DL and UL transmissions occur in two separate frequency bands. The transmission gaps between DL and UL (and vice versa) are required to allow switching the TX and RX circuitry. 

Every superframe shall contain a superframe header (SFH). The SFH shall be located in the first DL subframe of the superframe, and shall include broadcast channels.  
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Figure 3 – Basic frame structure for 5, 10 and 20 MHz channel bandwidths

Frame structure for CP = 1/8 Tb
FDD frame structure
A BS supporting FDD mode shall be able to simultaneously support half duplex and full duplex MSs operating on the same RF carrier. The MS supporting FDD mode shall use either H-FDD or FDD.
The FDD frame shall be constructed on the basis of the basic frame structure defined in 15.3.3.1. In each frame, all subframes are available for both DL and UL transmissions. The DL and UL transmissions are separated in the frequency domain. 

FDD MS is able to receive data burst in any DL subframe while accessing UL subframe at the same time. For H-FDD MS, only one of transmission and reception is allowed in each subframe.

The idle time specified in Table 1 shall be placed at the end of each FDD frame as shown in Figure 4.

Figure 4 illustrates an example FDD frame structure, which is applicable to the nominal channel bandwidth of 5, 10, and 20 MHz with G = 1/8. 
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Figure 4 – Frame structure with type-1 subframe in FDD duplex mode 
for 5, 10 and 20 MHz channel bandwidths (CP=1/8 Tb)
H-FDD frame structure
[TBD]
TDD frame structure
The TDD frame shall be constructed on the basis of the basic frame structure defined in 15.3.3.1. 
In a TDD frame with DL to UL ratio of D:U, the 1st contiguous D subframes and the remaining U subframes are assigned for DL and UL, respectively, where D + U = 8 for 5, 10 and 20 MHz channel bandwidths. The ratio of D:U for 5, 10 and 20 MHz channel bandwidths shall be selected from one of the following values: [TBD] 
In each frame, the TTG and RTG shall be inserted between the DL and UL and at the end of each frame, respectively.
Figure 5 illustrates an example TDD frame structure with D:U = 5:3, which is applicable to the nominal channel bandwidths of 5, 10, and 20 MHz with G = 1/8. 
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Figure 5 – Frame structure with type-1 subframe in TDD duplex mode 
for 5, 10 and 20 MHz channel bandwidths (CP=1/8 Tb)
Frame structure for CP = 1/16 Tb
The frame structure for a CP length of 1/16 Tb shall consist of type-1 and type-2 subframes. 

For channel bandwidths of 5, 10, and 20 MHz, a frame shall have five type-1 subframes and three type-2 subframes.
In the TDD frame, the [first] and last subframes within each frame shall be type-2 subframes. The last OFDMA symbol in a type-2 subframe preceding a DL to UL switching point shall be an idle symbol, which is used to accommodate the gap required to switch from DL to UL.
In the FDD frame, the [first], [fifth], and last subframes within each frame shall be type-2 subframes.
Figure 6 illustrates an example of TDD and FDD frame structure with a CP of 1/16 Tb. Assuming OFDMA symbol duration of 97.143 µs and a CP length of 1/16 Tb, the length of type-1 and type-2 subframes are 0.583 ms and 0.680 ms, respectively. 
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Figure 6 – TDD and FDD Frame Structure with a CP of 1/16 Tb (DL to UL ratio of 5:3)
Frame structure supporting the WirelessMAN-OFDMA frames 

TDD frame structure 

The basic frame structure shall be configured as follows to support the WirelessMAN-OFDMA MSs:
The WirelessMAN-OFDMA and the Advanced Air Interface frames shall be offset by a fixed number of subframes, TOFFSET = 1, 2, … , K, as shown in Figures 7 and 8. The FRAME_OFFSET is an offset between the start of the WirelessMAN-OFDMA frame and the start of the Advanced Air Interface frame, defined in units of subframes. The maximum value of parameter K is equal to the number of DL subframes minus one, since the Advanced Air Interface frame shall contain at least one DL subframe. In the case where Advanced Air Interface BSs coexist with WirelessMAN-OFDMA BSs, two switching points shall be selected in each TDD radio frame.
In the DL, a subset of DL subframes is dedicated to the WirelessMAN-OFDMA operation to enable one or more WirelessMAN-OFDMA DL time zones. The subset includes the 1st WirelessMAN-OFDMA DL time zone to support the transmission of the preamble, FCH and MAP, which are defined in 8.4.
Data bursts for the WirelessMAN-OFDMA MSs shall not be transmitted in the DL subframes for operation of the Advanced Air Interface. Those DL subframes shall be indicated as a DL time zone by transmitting an STC_DL_ZONE_IE() with the Dedicated Pilots field set to 1, as defined in Table 328, in the DL-MAP messages.

In the UL, the two configurations are applicable: 

1) FDM mode: A group of subcarriers (subchannels), spanning the entire UL transmission, is dedicated to the WirelessMAN-OFDMA operation. The remaining subcarriers, denoted the Advanced Air Interface UL subchannels group and forming the Advanced Air Interface UL subframes, are dedicated to the Advanced Air Interface operation. Figure 7 illustrates an example frame configuration for supporting the WirelessMAN-OFDMA operation when FDM mode is used.
Data bursts from the WirelessMAN-OFDMA MSs shall not be transmitted in the UL subchannels group for operation of the Advanced Air Interface. The UL subchannels group for operation of the WirelessMAN-OFDMA shall be indicated by the UL allocated subchannels bitmap TLV or the UL AMC Allocated physical bands bitmap TLV, defined in Table 567, in the UCD message.
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Figure 7 – TDD Frame configuration for supporting the WirelessMAN-OFDMA operation 
with UL FDM.
2) TDM mode: A subset of UL subframes is dedicated to the WirelessMAN-OFDMA operation to enable one or more WirelessMAN-OFDMA UL time zones. The subset includes the 1st WirelessMAN-OFDMA UL time zone to support the transmission of the ranging channel, CQI channel and ACK channel, which are defined in 8.4. Figure 8 illustrates an example frame configuration for supporting the WirelessMAN-OFDMA operation when TDM mode is used.
Data bursts from the WirelessMAN-OFDMA MSs shall not be transmitted in the UL subframes for operation of the Advanced Air Interface. Those UL subframes shall be indicated as a UL time zone by transmitting an UL_ZONE_IE(), defined in Table 384, in the UL-MAP message.
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Figure 8 – TDD Frame configuration for supporting the WirelessMAN-OFDMA operation 
with UL TDM. 

FDD frame structure 

[Rev2 FDD/H-FDD legacy support is TBD]

Frame structure supporting wider bandwidth
The same frame structure (15.3.3.1, 15.3.3.2, 15.3.3.3) is used for each carrier in multicarrier mode operation. Each carrier may have its own superframe header. Some carriers may have only part of superframe header. Figure 8 illustrates the example of the frame structure to support multi-carrier operation. For FDD UL, the preamble and superframe header is replaced with traffic OFDMA symbols.

The multiple carriers involved in multicarrier operation may be in a contiguous or non-contiguous spectrum. When carriers are in the same spectrum and adjacent and when the separation of center frequency between two adjacent carriers is multiples of subcarrier spacing, no guard subcarriers are necessary between adjacent carriers.

Each MS is controlled through a RF carrier which is the primary carrier. When multi-carrier feature is supported, the system may define and utilize additional RF carriers to improve the user experience and QoS or provide services through additional RF carriers configured or optimized for specific services. These additional RF carriers are the secondary carriers. The detailed description of the multi-carrier operation can be found in X.X.X.
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Figure 9 – Example of the frame structure to support multi-carrier operation
Frame structure supporting multicarrier operation in WirelessMAN-OFDMA support mode
In the multicarrier mode supporting WirelessMAN-OFDMA, each carrier can have either a basic frame structure (15.3.3.1) or a basic frame structure configured to support the WirelessMAN-OFDMA (15.3.3.3). Figure 9 illustrates an example of the frame structure in the multicarrier mode supporting WirelessMAN-OFDMA. In the carrier to support WirelessMAN-OFDMA, uplink can be also configured in TDM as defined 15.3.3.3. 

The multicarrier operation (X.X.X) is only performed between subframes where the Advanced Air Interface frame is defined. No multicarrier operation is defined between the Advanced Air Interface frames and WirelessMAN-OFDMA frames.

[image: image40.wmf] 

WirelessMAN

-

OFDMA

MS BW

Advanced Air 

Interface

MS BW

Reserved as 

guard band

Can be used for 

MS

traffic

WirelessMAN

-

OFDMA

Advanced Air 

Interface

DL

UL

DL

DL

DL

DL

UL

UL

DL

DL

DL

DL

UL

DL

DL

DL

DL

UL

UL

DL

DL

DL

DL

UL

DL

DL

DL

DL

UL

UL

DL

DL

DL

UL

UL

UL

R

F

C

a

r

r

i

e

r

 

2

R

F

C

a

r

r

i

e

r

 

0

R

F

C

a

r

r

i

e

r

 

1

One 

5

ms frame


Figure 10 – Example of the frame structure to support multi-carrier operation in WirelessMAN-OFDMA support mode
4.1.1.1. Relay support in frame structure

[TBD] 

-------------------------------  Text End  ---------------------------------------------------[image: image41.png]




























































































































































































































































































































































































































































1

_1274711149.unknown

_1284914300.unknown

_1284914487.unknown

_1284914509.unknown

_1287918508.vsd
￼�


_1284914329.unknown

_1275818166.unknown

_1274715634.unknown

_1274725266.unknown

_1274711222.unknown

_1274709528.unknown

_1274709799.unknown

_1274710888.unknown

_1274711086.unknown

_1274709879.unknown

_1274709894.unknown

_1274709857.unknown

_1274709764.unknown

_1274709777.unknown

_1274709577.unknown

_1274631267.unknown

_1274709499.unknown

_1274631230.unknown

_1274631253.unknown

_1274631116.unknown

