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Introduction

In this contribution we give additional motivation for and propose text changes in support of comments on C802.16m-08/118r1 submitted separately. The text proposals are ultimately aimed for inclusion in the IEEE 802.16m System Description Document.
1. Backwards compatibility - interlaced frames and fractional symbols

In C80216m-08_095r1 an efficient scheme for handling backwards compatibility was described. We propose that this scheme is covered in section 11.4.2, as follows.

----------NEW TEXT PROPOSAL (proposal-X) for section 11.4.2  in 118r1-----------
11.4.2 Frame Structure Supporting Legacy Frames (proposal-X)

When legacy support is enabled, the 16m BS transmit no 16m specific synchronization signal, and the 16m terminal use the legacy preamble for synchronization. Radio resources are time and frequency multiplexed between the 16m and 16e terminals based on real time scheduling. Certain 16m features may, however, require zones in time and frequency to be used solely for 16m terminals. 16m terminals may be scheduled both through legacy control signaling and through new 16m control signaling in the same frame or in different frames. 16m system information is broadcast on a super-frame basis.

For the TDD case two or four switching points may be used.
TDD with two switching points

In the TDD two switching point case, the frame structure in terms of uplink and downlink OFDMA symbols is the same as for the legacy system, except that additional full or fractional OFDMA symbols are inserted in the legacy RTG and TTG gaps for 16m usage. E.g. in the 5MHz, 10MHz, and 20MHz bandwidth cases one downlink ½ fractional OFDMA symbol is inserted in the beginning of the legacy TTG, and one downlink ¼ fractional OFDMA symbol is inserted in the end of the legacy RTG.
TDD with four switching points

A second preamble may optionally be transmitted by the BS to facilitate an optimized utilization of the resources. When the second preamble is transmitted one group of legacy terminals lock to preamble one, and one group of legacy terminals lock to preamble two, as illustrated in Figure 11.4-3. Legacy terminals locking to the first preamble can be allocated resources the first downlink part of the frame, and in the second uplink part of the frame as illustrated in Figure 11.4-3. Legacy terminals locking to the second preamble, if present, can be allocated resources in the second downlink part of the frame, and in the first uplink part of the frame as illustrated in Figure 11.4-3.
In scenarios where the start time for the second DL part of the frame is an integer number of full OFDMA symbol times later than the start time for the first DL part of the frame, legacy terminals locking to the first preamble can be allocated resources not only in the first downlink part of the frame but also in the second downlink part of the frame as illustrated with dashed boxes in Figure 11.4-3. This is true e.g. in the 5MHz, 10MHz, and 20MHz bandwidth scenarios.
Fractional OFDMA symbols are inserted for 16m usage before or after RTG and/or TTG gaps when needed to optimize the resource utilization in the time domain. 


[image: image1]
Figure 11.4-3: Frame Structure Supporting Legacy Frames (TDD with optional second preamble)  ( proposal-X
-----------------------------END OF TEXT PROPOSAL------------------

2. Base station power saving

In IEEE C802.16m-07/220 it was proposed to allow the BS to allocate and announce sleeping gaps in the sequence of frames, in order to save power. We propose that this is covered in section 11.4.1 in the following way, in either of the current two text proposals for that section.
---------- TEXT PROPOSAL for section 11.4.2 alternative 1 in 118r1-----------
11.4.1  Basic Frame structure

The IEEE 802.16m basic frame structure is illustrated in Figure 11.4-1. Each 20 ms super-frame is divided into four equally-sized 5ms radio frames. When using the same OFDMA numerology as the reference system, each 5 ms radio frame further consists of eight sub-frames. Each sub-frame can be assigned for either downlink or uplink transmission depending on the duplexing scheme. There are two types of sub-frames: 1) the regular sub-frames which consist of six OFDMA symbols and 2) the irregular sub-frames that consist of five or less OFDMA symbols. The BS may choose to allocate and announce sleeping gaps in the sequence of frames, typically in a periodic pattern. The Frame Number counter is incremented as if frames were transmitted in a non-interrupted sequence.
The basic frame structure is applied to FDD, TDD, and H-FDD duplexing schemes. The number of switching points in each radio frame in TDD systems is between two to four. There shall be only two switching points in each TDD radio frame when supporting legacy systems.

-----------------------------END OF TEXT PROPOSAL------------------
---------- TEXT PROPOSAL for section 11.4.2 alternative 2 in 118r1-----------
11.4.1  Basic Frame structure

The IEEE 802.16m basic frame structure is illustrated in Figure 11.4-1 (proposal-2). In the time domain, the 802.16m air link consists of equally-sized super-frames. A superframe is defined as the interval between two consecutive BS DL synchronization signals. A superframe consists of integer number of equal-sized radio frames. 

A radio frame is defined as the minimal repeated time interval for radio resource control, e.g., the repeated pattern for the Downlink (DL) and Uplink (UL) split in TDD systems, and the radio resource allocation decisions cycle.  The BS may choose to allocate and announce sleeping gaps in the sequence of frames, typically in a periodic pattern. The Frame Number counter is incremented as if frames were transmitted in a non-interrupted sequence. 
In TDD systems, a radio frame consists of two or more subframes, where the first subframe within a radio frame must be a DL subframe. In FDD or HFDD systems, a radio frame consists of one or more subframes.

-----------------------------END OF TEXT PROPOSAL------------------

3. OFDMA Numerology and fractional OFDMA symbols

In C80216m-08_095r1 it was proposed to use fractional OFDMA symbols to minimize the idle time in FDD and TDD frames, and thus to improve capacity at a very low cost in terms of complexity. As an example of the gains achievable, the FDD idle time per frame can be reduced from 62.9us to 5.7us for the 5, 10 , and 20 MHz bandwidths, through the use of a ½ fractional OFDMA symbol. Further more, the TTG gap can be reduced from 106us to 49us through the use of a ½ fractional OFDMA symbol and the RTG can be reduced from 60us to 26us through the use of a ¼ fractional OFDMA symbol, in a backwards compatible manner. Similar gains are achieved also for the other bandwidths. We propose that the use of fractional OFDMA symbols is reflected in the following way in section 11.3 on OFDMA Numerology.
----------TEXT PROPOSAL for section 11.3  in 118r1-----------
11. 3 OFDMA Numerology

The OFDMA parameters (or numerology) for the IEEE 802.16m are specified in Table 11.3-1 for full OFDMA symbols and for ½, 1/3, and ¼ fractional OFDMA symbols.
	Nominal Channel Bandwidth (MHz)
	5
	7
	8.75
	10
	20

	Over-sampling Factor
	28/25
	8/7
	8/7
	28/25
	28/25

	Sampling Frequency (MHz)
	5.6
	8
	10
	11.2
	22.4

	FFT Size
	512
	1024
	1024
	1024
	2048

	Sub-Carrier Spacing (kHz)
	10.94
	7.81
	9.77
	10.94
	10.94

	OFDMA Useful Symbol Time Tu (us)
	91.43
	128
	102.4
	91.43
	91.43

	Tg=1/8 Tu
	11.43
	16
	12.8
	11.43
	11.43

	Symbol Duration Ts (us) (Ts=Tu*9/8)
	102.86
	144
	115.2
	102.86
	102.86

	½-Fractional Symbol Duration Ts(½)  (us) (Ts(½)  =Tu*5/8)
	57.14
	80
	64
	57.14
	57.14

	1/3-Fractional Symbol Duration Ts(1/3)  (us) (Ts(1/3)  =Tu*(11/24))
	41.90
	58.67
	46.93
	41.90
	41.90

	¼-Fractional Symbol Duration Ts(¼)  (us) (Ts(¼)  =Tu*3/8)
	34.29
	48
	38.4
	34.29
	34.29

	FDD 
	Number of full and fractional OFDMA Symbols per Frame 
	48 + ½
	34 + ½
	43 + ¼
	48 + ½
	48 + ½

	
	Idle Time per Frame (us)
	5.71
	24
	8
	5.71
	5.71

	TDD with two switching points and legacy support
	Number of full and fractional OFDMA Symbols per Frame 
	47 + ½ + ¼ 
	34
	42 + 1/3 + ¼
	47 + ½ + ¼
	47 + ½ + ¼

	
	TTG (us)
	48.57
	44
	42.27
	48.57
	48.57

	
	RTG  (us)
	25.71
	60
	36
	25.71
	25.71

	TDD with four switching points and legacy support
	Number of full and fractional OFDMA Symbols per Frame 
	47 + 1/3 
	TBD
	TBD
	47 + 1/3
	47 + 1/3

	
	TTG1 (us)
	30.48
	TBD
	TBD
	30.48
	30.48

	
	RTG1  (us)
	30.48
	TBD
	TBD
	30.48
	30.48

	
	TTG2  (us)
	31.43
	TBD
	TBD
	31.43
	31.43

	
	RTG2  (us)
	31.43
	TBD
	TBD
	31.43
	31.43


[Table 11.3-1: OFDMA parameters for IEEE 802.16m]  ( proposal-X
4. Co-existence and fractional OFDMA symbols

In C80216m-08_095r1 it was proposed to use fractional OFDMA symbols to minimize the capacity loss in Co-existence scenarios. We propose the following text changes in 118r1.

----------TEXT PROPOSAL for section 11.4.5.1  in 118r1-----------
11.4.5.1 Coexistence with E-UTRA (LTE)

[Coexistence between IEEE 802.16m and E-UTRA in TDD duplex scheme may be facilitated by inserting either idle symbols within the IEEE 802.16m frame or idle sub-frames, or by replacing full OFDMA symbols by shorter fractional OFDMA symbols. Applying a delay or offset between the beginnings of the IEEE 802.16m frame and the E-UTRA TDD frame may allow the idle time allocated to idle symbols or idle sub-frames to be minimized. Figures 11.4-7 and 11.4-8 demonstrate how coexistence between IEEE 802.16m and E-UTRA can be achieved in both FDD and TDD modes, respectively to minimize the inter-system interference.
-----------------------------END OF TEXT PROPOSAL------------------

----------TEXT PROPOSAL for section 11.4.5.2  in 118r1-----------
11.4.5.2 Coexistence with UTRA LCR-TDD (TD-SCDMA)

Coexistence between IEEE 802.16m TDD and UTRA LCR-TDD (TD-SCDMA) may be facilitated by inserting either idle symbols within the IEEE 802.16m frame or idle sub-frames, or by replacing full OFDMA symbols by shorter fractional OFDMA symbols. Figure 11.4-9 shows how coexistence between IEEE 802.16m with a 4:4 DL:UL ratio and TD-SCDMA can be facilitated.
-----------------------------END OF TEXT PROPOSAL------------------

5. Latency
In section 11.5.1 of IEEE C802.16m-08/118r1 numbers for HARQ RTT as well as one trip delay are given. We note that the same MS and BS processing delays of 1.23ms are used both for the one trip delay and for the HARQ RTT. The processing time for the HARQ RTT is however counted from reception to transmission, and is normally about twice as long as the one trip delay. We believe 1.5ms is a reasonable number for the MS and BS processing time for the one trip delay, and that 3ms is a reasonable number for the MS and BS processing time for the HARQ RTT, from an implementation complexity point of view.
Further more, we note that the frame alignment given is 0.31ms, i.e. half a subframe. This is true for the FDD case but in the TDD case where packets may arrive during the uplink part of the frame, the frame alignment is considerably longer.
With N downlink subframes and M uplink subframes between two consecutive uplink to downlink switching points the average TDD frame alignment delay (FAD) is:

FAD=Tsf*(N*0.5+M*(M/2+1))/(N+M)

where Tsf is the subframe length.

E.g. for 4 downlink subframes and 4 uplink subframes of length 0.617ms the frame alignment is 1.1ms, while for 2 downlink subframes and 2 uplink subframes of length 0.617ms the frame alignment is 0.8ms.

We propose that the Data plane latency is kept TBD until a full analysis has been given.
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