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Introduction
This contribution proposes text changes to Sections 11.3 and 11.4 of the IEEE 802.16m SDD [1] where the system description requires additional detail. The proposed text is consistent with the 802.16m Amendment Working Document [2]. The refined SDD document will be a necessary supplement in the submission of IEEE 802.16m technology description template to ITU-R/WP 5D later this year.
For technical changes, AWD [2] text that has been added into the SDD has been specifically identified by section number. Proposed text has been underlined in blue and deleted text has been struck through in red. Existing SDD text is shown in black.
References
[1] P802.16m System Description Document, 802.16m-08/003r9a, June 2009.
[2] P802.16m Amendment Working document, 802.16m-09/0010r2, June 2009.
1 Physical Layer

1.1  Duplex Mmodes

IEEE 802.16m supports TDD and FDD duplex modes, including H-FDD AMS operation, in accordance with the IEEE 802.16m Ssystem Rrequirements Ddocument [8]. Unless otherwise specified, the frame structure attributes and baseband processing are common for all duplex modes.

1.2  Downlink and Uplink Multiple Access Schemes

IEEE 802.16m employs uses 
OFDMA as the multiple access scheme in the downlink and uplink. 

1.3  OFDMA Parameters

The OFDMA parameters for the IEEE 802.16m are specified as follows: in Table 4.
	Nominal cChannel bBandwidth (MHz)
	5
	7
	8.75
	10
	20

	Over-Ssampling fFactor
	28/25
	8/7
	8/7
	28/25
	28/25

	Sampling fFrequency (MHz)
	5.6
	8
	10
	11.2
	22.4

	FFT sSize
	512
	1024
	1024
	1024
	2048

	Sub-cCarrier sSpacing (kHz)
	10.937500
	7.812500
	9.765625
	10.937500
	10.937500

	Useful sSymbol tTime Tu (µs)
	91.429
	128
	102.4
	91.429
	91.429

	Cyclic Prefix (CP)
Tg=1/8 Tu
	Symbol tTime Ts (µs)
	102.857
	144
	115.2
	102.857
	102.857

	
	FDD
	Number of OFDM 

symbols per 5ms fFrame
	48
	34
	43
	48
	48

	
	
	Idle time (µs)
	62.857
	104
	46.40
	62.857
	62.857

	
	TDD
	Number of OFDM 

symbols per 5ms fFrame
	47
	33
	42
	47
	47

	
	
	TTG + RTG (µs)
	165.714
	248
	161.6
	165.714
	165.714

	Cyclic Prefix (CP)
Tg=1/16 Tu
	Symbol tTime Ts (µs)
	97.143
	136
	108.8
	97.143
	97.143

	
	FDD
	Number of OFDM 
symbols per 5ms fFrame
	51
	36
	45
	51
	51

	
	
	Idle time (µs)
	45.71
	104
	104
	45.71
	45.71

	
	TDD
	Number of OFDM 

symbols per 5ms fFrame
	50
	35
	44
	50
	50

	
	
	TTG + RTG (µs)
	142.853
	240
	212.8
	142.853
	142.853

	Cyclic Prefix (CP)
Tg=1/4 Tu
	Symbol tTime Ts (µs)
	114.286
	160

	128
	114.286
	114.286

	
	FDD
	Number of OFDM 
symbols per 5ms fFrame
	43
	31
	39
	43
	43

	
	
	Idle time (µs)
	85.694
	40
	8
	85.694
	85.694

	
	TDD
	Number of OFDM 

symbols per 5ms fFrame
	42
	30
	38
	42
	42

	
	
	TTG + RTG (µs)
	199.98
	200
	136
	199.98
	199.98


Table 4 OFDMA parameters for IEEE 802.16m
CP size of ¼ is used in channels with long delay spread.
 Tone dropping at both edges of the frequency band
 based on 10 and 20 MHz systems can be used to support other various bandwidths.

1.4  Frame structure

1.4.1 Basic Frame structure

The IEEE 802.16m basic frame structure is illustrated in Figure 29. Each 20 ms superframe is divided into four equally-sized 5 ms radio frames and begins with the superframe header (SFH). When using the same OFDMA parameters as in Table 4 with the channel bandwidth of 5 MHz, 10 MHz, or 20 MHz, each 5 ms radio frame further consists of eight subframes for CP sizes of 1/8 and 1/16. With the channel bandwidth of 8.75 and 7 MHz, each 5 ms radio frame further consists of seven and six subframes, respectively for CP sizes of 1/8 and 1/16.

In the case of G = 1/4, the number of subframes per frame is one less than that of other CP lengths for each 
bandwidth case. A subframe is assigned for either DL or UL transmission. There are three four types of subframes: 1) the type-1 subframe which consists of six OFDMA symbols, 2) the type-2 subframe that which 
consists of seven OFDMA symbols, 
and 3) the type-3 subframe which consists of five OFDMA symbols, and 4) the type-4 subframe which consists of nine OFDMA symbols. This type is applied only to UL subframe for the 8.75MHz channel bandwidth when supporting the IEEE Std 802.16-2009 frames.
The basic frame structure is applied to FDD and TDD duplexing schemes, including H-FDD MS operation. The number of switching points in each radio frame in TDD systems is two, where a switching point is defined as a change of directionality, i.e., from DL to UL or from UL to DL.

When H-FDD mobile stations MS are included in an FDD system, the frame structure from the point of view of the H-FDD mobile stations 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. 

A data burst occupies either one subframe (i.e. the default TTI transmission) or contiguous multiple subframes (i.e. the long TTI transmission). The long TTI in FDD is equal to 4 subframes for both DL and UL. The long TTI in TDD is equal to the whole DL (UL) subframes for DL (UL) in a frame.
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Figure 29 Basic frame structure for 5, 10, and 20 MHz channel bandwidths

1.4.1.1 Frame Structure for CP=1/8 Tu
For nominal channel bandwidths of 5, 10, and 20 MHz, an IEEE 802.16m frame for a CP of 1/8 Tu has eight type-1 subframes for FDD, and seven type-1 subframes and one type-2 subframes for TDD.

Figure 30 illustrates an example of TDD and FDD frame structure for 5, 10, and 20 MHz channel bandwidth with a CP of 1/8 Tu. With OFDM symbol duration of 102.857 µs and a CP length of 1/8 Tu, the length of type-1 and type-3 subframes are 0.617 ms and 0.514 ms, respectively. TTG and RTG are 105.714 µs and 60 µs, respectively. Other numerologies may result in different number of subframes per frame and symbols within the subframes.
In FDD, the structure of frame (number of subframes, their types etc.) has to be identical for the DL and UL for each specific frame.
Figure 30 illustrates an example TDD frame structure with DL to UL ratio of 5:3. Assuming OFDMA symbol duration of 102.857µs and a CP length of 1/8 Tu, the lengths of type-1 subframe and type-3 subframe are 0.617 ms and 0.514 ms, respectively. In Figure 30, the last DL subframe, i.e., DL SF4, is a type-3 subframe. TTG and RTG are 105.714 µs and 60µs, respectively. Other numerologies may result in different number of subframes per frame and symbols within the subframes. Figure 31 shows an example of a frame structure in FDD mode.
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Figure 30 Frame structure in TDD duplex mode (CP=1/8 Tu)
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Figure 31 Frame structure with type-1 subframe in FDD duplex mode

 (CP=1/8 Tu)
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Figure 30 TDD and FDD Frame Structure with a CP of 1/8 Tu (DL to UL ratio of 5:3)
1.4.1.2 Frame Structure for CP=1/16 Tu
For nominal channel bandwidths of 5, 10, and 20 MHz, an IEEE 802.16m frame for a CP of 1/16 Tu has five type-1 subframes and three type-2 subframes for FDD, and six type-1 subframes and two type-2 subframes for TDD. The subframe preceding a DL to UL switching point is a type-1 subframe.

Figure 32 illustrates an example of TDD and FDD frame structure for 5, 10, and 20 MHz channel bandwidth 
with a CP of 1/16 Tu. With
 Assuming OFDM symbol duration of 97.143 µs and a CP length of 1/16 Tu, the length of type-1 and type-2 subframes are 0.583 ms and 0.680 ms, respectively. TTG and RTG are 82.853 µs and 60 µs, respectively. Other numerologies may result in different number of subframes per frame and symbols within the subframes.
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Figure 32 TDD and FDD Frame Structure with a CP of 1/16 Tu (DL to UL ratio of 5:3)
In case of FDD
, the structure of a frame (number of subframes, their types etc.) has to be identical for the DL and UL for each specific frame.
1.4.1.3 Superframe Header

As shown in Figure 29, each superframe begins with a DL subframe that contains a superframe header. 

1.4.1.4 
Transmission Time Interval

The transmission time interval (TTI) is the duration of the transmission of the physical layer encoded packet over the radio air interface and is equal to an integer number of subframes. The default TTI is 1 subframe.



1.4.2 Frame Structure Supporting Legacy Frames
The legacy and IEEE 802.16m frames are offset by an integer number of subframes to accommodate new features such as the IEEE 802.16m Advanced Preamble (preamble), Superframe Header (system configuration information), and control channels, as shown in Figure 33. The FRAME_OFFSET shown in Figure 33 is for illustration. It 
is an offset between the start of the legacy frame and the start of the IEEE 802.16m frame defined in a unit of subframes.  

For UL transmissions both TDM and FDM approaches are supported for multiplexing of YMS and AMS.

[image: image8]
Figure 33 Relative position of the IEEE 802.16m and IEEE Std 802.16-2009 802.16e radio frames (example TDD duplex mode)

1.4.2.1 The Concept of Time Zones

The time zone is defined as an integer number (greater than 0) of consecutive subframes. The concept of time zones is equally applied to TDD and FDD systems. The MZones and LZones are time-multiplexed (TDM) across time domain for the downlink. For UL transmissions both TDM and FDM approaches are supported for multiplexing of YMSs and AMSs. Note that DL/UL traffic for the AMS can be scheduled in both zones in either zone according to the mode (IEEE 802.16m or legacy IEEE Std 802.16-2009) with which AMS is connected to the ABS, but not in both zones at the same time, 
whereas the DL/UL traffic for the MS can only be scheduled in the LZones.
In the absence of any IEEE Std 802.16-2009 802.16e system, the LZones will disappear and the entire frame will be allocated to the MZones and thereby new systems. 
1.4.2.1.1 Time Zones in TDD

In a mixed deployment of YMSs and new AMSs, the allocation of time zones in the TDD mode is as shown in Figure 34. The duration of the zones may vary. Every frame starts with a preamble and the MAP followed by IEEE Std 802.16-2009 802.16e DL zone since MSs/relays expect LZones in this region. Similarly, in a mixed deployment of MSs and new AMSs, the UL portion starts with IEEE Std 802.16-2009 802.16e UL zone since YBS /YMS/RS expect IEEE Std 802.16-2009 802.16e UL control information be sent in this region. Here the coexistence is defined as a deployment where YBSs and ABSs co-exist on the same frequency band and in the same or neighboring geographical areas. In a green-field deployment where no YMS exists, the LZones can be removed.

The DL to UL and UL to DL switching points should be synchronized across network to reduce inter-cell interference. 

The switching points would require use of idle symbols to accommodate the gaps. In case of TDD operation with the generic frame structure, the last symbol in the slot immediately preceding a downlink-to-uplink/uplink-to-downlink switching point may be reserved for guard time and consequently not transmitted.

[image: image9]
Figure 34 Example of Time zones in TDD mode

1.4.2.1.2 Time Zones in FDD

In a mixed deployment of legacy terminals and new AMSs, an example of the allocation of time zones in the FDD mode is shown in Figure 35.

[image: image10.png]



Figure 35 Example of Time zones in FDD mode
1.4.3 Relay Support in Frame Structure

An ABS that supports ARSs communicates with the ARS in the MZone. The ABS multiplexes the LZone and the MZone using TDM in the DL. In the UL, the ABS can support TDM as well as FDM for multiplexing LZone and the MZone. The IEEE 802.16m specification shall not alter the LZone operation
. The access link and the relay link communications in the LZone is multiplexed in accordance with the IEEE 802.16j specifications. 

An RS radio frame may also define points where the RS switches from receive mode to transmit mode or from transmit mode to receive mode, where the receiveing and transmitting
operations are both performed on either DL or UL data. An ARS communicates with the YMS in the LZone.

 The start of the LZone and MZone of the ABS and all the subordinate RSs/ARSs associated with the ABS are time aligned. The duration of the LZone of the ABS and the RS may be different.

· IEEE Std 802.16-2009Access Zone

· where ABS, a RS or a ARS communicates with a IEEE Std 802.16-2009 MS.

· IEEE 802.16j Relay Zone

· where ABS communicates with a RS.

The Relay frame structure is illustrated in Figure 36. 
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Figure 36 Relay Frame structure 
Definitions shown in Figure 36
· IEEE 802.16m DL Access Zone: An integer multiple of subframes located in the MZone of the ABS frame, where an ABS can transmit to the AMSs.

· IEEE 802.16m UL Access Zone: An integer multiple of subframes located in the MZone of the ABS frame, where an ABS can receive from the AMSs.

· DL Access Zone: An integer multiple of subframes located in the Mzone of the DL of the ABS frame or ARS frame, where a ABS or an ARS can transmit to the AMSs. A-PREAMBLE and SFH as well as unicast transmissions may be performed in this zone. 

· UL Access Zone: An integer multiple of subframes located in the Mzone of the UL of the ABS frame, where an ABS can receive from the AMSs. 

· DL Transmit Zone: An integer multiple of subframes located in the MZone of the DL of the ABS frame or ARS frame, where an ABS or ARS can transmit to subordinate ARSs and the AMSs. 

· DL Receive Zone: An integer multiple of subframes located in the MZone of the DL of the ARS frame, where a ARS can receive from its superordinate station.

· UL Transmit Zone: An integer multiple of subframes located in the MZone of the UL of the ARS frame, where a ARS can transmit to its superordinate station.

· UL Receive Zone: An integer multiple of subframes located in the MZone of the UL of the ABS frame or ARS frame, where an ABS or ARS can receive from its subordinate ARSs and the AMSs.

· Network Coding Transmit Zone: An integer multiple of subframes located in the DL of the frame of the Odd Hop ARS which is directly attached to the ABS, where an Odd Hop ARS can transmit network coded transmissions to the ABS and Even Hop ARS. The tTransmissions to the AMS in this zone are being FFS studied.
· Network Coding Receive Zone: An integer multiple of subframes located in the DL of the ABS or Even Hop ARS frame, where an ABS or Even Hop ARS can receive network coded transmissions from the ARS directly attached to the ABS.

If the ABS supports network coding, the presence of the aforementioned zones is determined by the ABS depending on the number of hops and the ARS capabilities. The Network Coding Transmit Zone may be present in an ARS frame if the ARS supports network coding. If the Network Coding Transmit Zone is present, it appears only in the frame of an ARS which is directly attached to the ABS. The Network Coding Receive Zone may be present only in the frames of the ABS and the even hop ARS that is two hops away from the ABS, if the ARS and the ABS support network coding.

1.4.4 Coexistence Support in Frame Structure

IEEE 802.16m downlink radio frame is time aligned with reference timing signal as defined in section 20.1 and should support symbol puncturing to minimize the inter-system interference.

1.4.4.1 Adjacent Channel Coexistence with E-UTRA (LTE-TDD) 

Coexistence between IEEE 802.16m and E-UTRA in TDD mode may be facilitated by inserting either idle symbols within the IEEE 802.16m frame or idle subframes, for certain E-UTRA TDD configurations. An operator configurable delay or offset between the beginning of an IEEE 802.16m frame and an E-UTRA TDD frame can be applied in some configurations to minimize the time allocated to idle symbols or idle subframes. Figure 37 shows two examples using frame offset to support coexistence with E-UTRA TDD in order to support minimization of the number of punctured symbols within the IEEE 802.16m frame. 
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Figure 37 Alignment of IEEE 802.16m frame and E-UTRA frame in TDD mode

1.4.4.2 Adjacent Channel Coexistence with UTRA LCR-TDD (TD-SCDMA)

Coexistence between IEEE 802.16m and UTRA LCR-TDD may be facilitated by inserting either idle symbols within the IEEE 802.16m frame or idle subframes. An operator configurable delay or offset between the beginning of an IEEE 802.16m frame and an UTRA LCR-TDD frame can be applied in some configurations to minimize the time allocated to idle symbols or idle subframes. Figure 38 demonstrates how coexistence between IEEE 802.16m and UTRA LCR-TDD can be achieved to minimize the inter-system interference.


[image: image13.emf]DwPTS

GP

UpPTS

DLULDLDLDLUL

IEEE 802.16m : 5ms Frame

UL

Frame offset

D

L

DL symbol puncturing

LCR-TDD : 5ms Sub-frameLCR-TDD : 5ms Sub-frame

DLULULULDLDLDLDLDLDLDL

DwPTS

GP

UpPTS

ULULUL

D

L

ULULUL


Figure 38 Alignment of IEEE 802.16m frame with UTRA LCR-TDD frame in TDD mode
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�Editorial.


�Technical: Copy from section 15.3.2.4, page 114, table 647


�Technical. No need to specify the usage of 1/4 CP


�Editorial.


�Technical: Copy and paste from section 15.3.3.1, page 115, line 37.


�Editorial


�Editorial


�Technical: Copy and paste from section 15.3.3.1, page 115, line 47.


�Technical: Copy and paste form section 15.3.3.1, page 115, line 62.


�Technical: Clarification.


�Technical: Change the text and figure so as to be consistent with Section of Frame Structure for CP=1/16 Tu


�Technical: Clarification


�Editorial


Technical: T�he 1st and 2nd subframes are swapped with each other, according to the AWD text in section 15.3.3.3 (page 121, line 43). 


�Editorial


�Technical: The position of SFH is already specified in the beginning of section 11.4.1.


�Technical: The long TTI size description has been moved to the ending of section 11.4.1.


�Editorial


� Technical: Clarification. The original text does not intend to schedule traffic for the AMS in both zones at the same time, rather to allow scheduling in either zone according to the mode. Otherwise, AMS shall monitor both the legacy MAP and 16m A-MAP in the same frame. 


�Technical: Already specified in the previous section.


�Editorial





169

[image: image15.bmp][image: image16.bmp]_1295413541.vsd

_1306245149.vsd

_1306245962.vsd

_1308056490.vsd
ABS AMS


ABS AMS

ABS ARS


(Tx)


(Tx)


(Rx)


(Rx)


ABS AMS


ABS AMS

ABS ARS


ARS AMS


(Tx)


(Rx)


GAP


Odd-Hop ARS


 


Even-Hop ARS


Rx from
Odd-Hop Superordinate ARS


(Tx)


(Rx)


GAP


ARS AMS


 


Odd-Hop ARS


Rx from
Even-Hop 
Superordinate ARS 
or BS


ARS MS


(Rx)


(Tx)


GAP


Odd-Hop ARS


 


Even-Hop ARS


GAP


(Tx)


(Rx)


Tx to
Odd-Hop Superordinate ARS


RS AMS


Even-Hop ARS


 


Odd-Hop ARS


IEEE 802.16m DL Transmit Zone


IEEE 802.16m DL Receive Zone


IEEE 802.16m DL Receive Zone


IEEE 802.16m DL Transmit Zone


IEEE 802.16m UL Receive Zone


IEEE 802.16m UL Transmit Zone


Tx to
Even-Hop 
Superordinate ARS 
or ABS


IEEE 802.16m UL Transmit Zone


IEEE 802.16m UL Receive Zone


ABS Frame


Odd-Hop ARS Frame


Even-Hop ARS Frame


ARS AMS


RS MS


(Tx)


(Tx)


GAP


IEEE 802.16m DL Access  Zone


IEEE 802.16m DL Access  Zone


IEEE 802.16m DL Access Zone


IEEE 802.16m UL Access Zone


IEEE 802.16m DL Transmit Zone


IEEE 802.16m UL Receive Zone


GAP


GAP


GAP


IEEE 802.16m Network Coding Transmit  Zone


(Tx)


IEEE 802.16m Network Coding Receive  Zone


(Rx)


IEEE 802.16m Network Coding Receive  Zone


(Rx)


Even-Hop ARS



_1295413671.vsd

_1272290799.vsd
￼�

UL


UL


DL


DL


UL


DL


DL


DL


DL


UL



_1284563328.vsd
￼�


_1272290753.vsd
￼�


