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1. Introduction
The amendement working document (AWD) defines three types of CP lengths, which are 1/8Tb, 1/16Tb, and 1/4Tb. Moreover, there exist detailed OFDMA parameters and frame structures for CP lengths of 1/8Tb and 1/16Tb. However, frame structures for a CP length of 1/4Tb are not defined yet. In this contribution, we propose frame structures for a CP length of 1/4Tb for all the bandwidths of 5/10/20 MHz, 7 MHz, and 8.75 MHz. 
2. OFDMA parameters for a CP length of 1/4Tb
For CP lengths of 1/8Tb and 1/16Tb, OFDAM parameters for channel bandwidths of 5/10/20 MHz, 7 MHz, and 8.75MHz were already defined in the IEEE amendment working document (AWD). However, OFDAM parameters for a CP length of 1/4Tb are empty in case of the bandwidth of 7 MHz and 8.75 MHz. The derived OFDMA parameters for a CP length of 1/4Tb are specified in Table 1. 
Table 1 OFDMA parameters for 1/4 CP

	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)
	10.937500
	7.812500
	9.765625
	10.937500
	10.937500

	Useful Symbol Time Tu (µs)
	91.429
	128
	102.4
	91.429
	91.429

	Cyclic Prefix (CP)

Tg=1/4 Tu
	Symbol Time Ts (µs)
	114.286
	160
	128
	114.286
	114.286

	
	FDD
	Number of OFDM 
symbols per Frame
	43
	31
	39
	43
	43

	
	
	Idle time (µs)
	85.694
	40
	8
	85.694
	85.694

	
	TDD
	Number of OFDM 

symbols per Frame
	42
	30
	38
	42
	42

	
	
	TTG + RTG (µs)
	199.98
	200
	136
	199.98
	199.98


3. Proposed frame structures for a CP length of 1/4Tb

In current Amendment, four types of subframes have been defined. But generally, three types of subfraems are considered for all supporting bandwidth, i.e., type-1 with 6 OFDMA symbols, type-2 with 7 OFDMA symbols, and type-3 with 5 OFDMA symbols. Thus, we shall define new frame structures for 1/4 CP length using these three types of subframes. As shown in Table 1, the number of OFDM symbols per 5ms frame is less than other CP lengths. Therefore, a new frame structure shall consist of one less number of subframes than that of other CP lengths in order to have more number of type-1 subframes. 
3.1 TDD and FDD frame structures for 5/10/20MHz 

Figure 1 shows an example of the proposed TDD and FDD frame structures for 5/10/20MHz. When using the same OFDMA parameters as in Table 1, each 5ms radio frame consists of seven subframes. 
A FDD frame shall have six type-1 subframes and one type-2 subframes since 43 OFDMA symbols can exist within a frame. The TDD frame structure has a commonality with the FDD frame structure in the number of subframes. In TDD, one frame only consists of seven type-1 subframes because one OFDMA symbol should be an idle symbol. Therefore, the subframe preceding a DL to UL switching point shall be type-1 subframes instead of one type-2 subframe, and TTG and RTG are 139.988 µs and 60 µs, respectively, which are the same as those in the WiMAX profile. 
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Figure 1 TDD and FDD frame structures for 5/10/20MHz with a CP 1/4 Tb (DL to UL ratio of 4:3 )

3.2 TDD and FDD frame structures for 8.75MHz 
Figure 2 shows an example of the proposed TDD and FDD frame structures for 8.75MHz. When using the same OFDMA parameters as in Table 1, each 5ms radio frame consists of six subframes. A FDD frame shall have three type-1 subframes and three type-2 subframes since 39 OFDMA symbols can exist within a frame. The first subframe should be type-1 subframe since the current superframe header (SFH) should be located in the first subframe. The TDD frame structure has a commonality with the FDD frame structure in the number of subframes. In TDD, one frame consists of four type-1 subframes and three type-2 subframes because one OFDMA symbol should be an idle symbol. Herein, the subframe preceding a DL to UL switching point shall be type-1 subframes instead of one type-2 subframe which is the same as those of 5, 10, 20 MHz bandwidth cases. TTG and RTG are 61.6 µs and 74.4 µs, respectively, which are the same as those in the WiMAX profile. 
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Figure 2 TDD and FDD frame structure for 8.75MHz with a CP 1/4 Tb (DL to UL ratio of 4:2 )

3.3 TDD and FDD frame structures for 7MHz

Figure 3 shows an example of the proposed TDD and FDD frame structure for 7MHz. When using the same OFDMA parameters as in Table 1, each 5ms radio frame consists of five subframes. A FDD frame shall have four type-1 subframes and one type-2 subframes since 31 OFDMA symbols can exist within a frame. The TDD frame structure has a commonality with the FDD frame structure in the number of subframes. In TDD, one frame consists of five type-1 subframes because one OFDMA symbol should be an idle symbol. Herein, the subframe preceding a DL to UL switching point shall be type-1 subframes instead of one type-2 subframe which is the same as those of 5, 10, 20 MHz bandwidth cases. TTG and RTG are 140 µs and 60 µs, respectively, which are the same as those in the WiMAX profile. 
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Figure 3 TDD and FDD frame structure for 7MHz with a CP 1/4 Tb (DL to UL ratio of 3:2 )

4. Reference 
[1] IEEE 802.16m-08/0010r1a, “IEEE 802.16m Amendment Working Document.”
[2] IEEE 802.16m-08/003r6, “The Draft IEEE 802.16m System Description Document.”
[3] IEEE 802.16m-08/043, “Style guide for writing the IEEE 802.16m amendment.”
5. Text Proposal for the 802.16m ammendment
============================== Start of Proposed Text =================================
[Remedy 1: Adopt the following modifications in lines from 58 to 60 on page 17:]
When using the same OFDMA parameters as in Table 647 with the channel bandwidth of 5 MHz, 10 MHz, or 20 MHz, each 5 ms radio frame further con​sists of eight subframes for G=1/8 and 1/16. With the channel bandwidth of 8.75 and 7 MHz, each 5 ms radio frame further con​sists of seven and six subframes, respectively for G=1/8 and 1/16. In case of G=1/4, the number of subframes per frame is one less than that of other CP lengths for each bandwidth case.
[Remedy 2: Create a section 15.3.3.x for frame structure for CP = 1/4 Tb, and insert the following text and figure in line 37 on page 26: ]
Section 15.3.3.x Frame structure for CP = 1/4 Tb
The frame structure for a CP length of 1/4 Tb shall consist of type-1 and type-2 subframes. 

For normal channel bandwidth of 5/10/20MHz, a FDD frame shall have six type-1 subframes and one type-2 subframes. A TDD frame shall have seven type-1 subframes. 

Figure x-1 illustrates an example of TDD and FDD frame structure with DL/UL ratio = 4:3 for the 5/10/20MHz channel bandwidth with a CP of 1/4 Tb. Assuming OFDMA symbol duration of 114.286μs and a CP length of 1/4Tb ,the length of type-1 and type-2 subframes are 0.6857 ms and 0.80 ms, respectively. TTG and RTG are 139.988 µs and 60 µs, respectively.
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Figure x-1 Frame structures for 5, 10, and 20MHz of TDD and FDD modes (G=1/4)

For the coexistence scenarios with other CP lengths in the 5/10/20MHz channel bandwidths, another frame structure may be used. 
Figure XX-1 illustrates an example of another TDD and FDD frame structure for the coexistence scenarios with other CP cases in 5, 10 and 20 MHz channel bandwidth. A TDD frame shall have six type-3 subframes and two type-1 subframes, and an FDD subframe shall have five type-3 subframes and three type-1 subframes. In the TDD frame, the first subframe in DL and the first subframe in UL within each frame shall be type-1 subframes. In the FDD frame, the first, fifth, and sixth subframes within each frame shall be type-1 subframes.


[image: image5.emf]F0F1F2F3

Superframe: 20ms (4 frames, 32 subframes)

UL/DL PHY Frame 5ms (8 subframes )

DL 

SF0(6)

DL 

SF1(5)

DL 

SF2(5)

DL 

SF3(5)

DL 

SF4(5)

UL 

SF5(6)

UL 

SF6(5)

UL 

SF7(5)

S0S1S2S3S5S4

S0S1S2S3S4

Subframe length = 5 full OFDMA symbols = 0.5714 ms

Subframe length = 6 full OFDMA symbols = 0.6857 ms

Type-3 subframe

Type-1 subframe

CP = ¼ Tb

RTG = 85.7 us

114.286 us

TTG = 114.286 us

DL:UL = 5:3

DL/UL 

SF0(6)

DL/UL 

SF1(5)

DL/UL 

SF2(5)

DL/UL 

SF3(5)

DL/UL

SF4(5)

DL/UL

SF5(6)

DL/UL 

SF6(6)

DL/UL

SF7(5)

5ms FDD frame

Idle time = 200 us

5ms TDD frame


Figure. XX-1— Frame structures for 5, 10, and 20MHz when coexisting with other CP lengths
For a channel bandwidth of 7MHz, a FDD frame shall have four type-1 subframes and one type-2 subframes. And a TDD frame shall have five type-1 subframes. 

Figure x-2 illustrates an example of TDD and FDD frame structure with DL/UL ratio = 3:2 for the 7MHz channel bandwidth with a CP of 1/4 Tb. Assuming OFDMA symbol duration of 160μs and a CP length of 1/4Tb the length of type-1 and type-2 subframes are 0.960 ms and 1.120 ms, respectively. TTG and RTG are 140 µs and 60 µs, respectively.
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Figure x-2 Frame structures for 7MHz TDD and FDD modes (G=1/4)

For a channel bandwidth of 8.75MHz, a FDD frame shall have three type-1 subframes and three type-2 subframes. And a TDD frame shall have four type-1 subframes and two type-2 subframes. In TDD, the subframe preceding a DL to UL switching point shall be type-1 subframes.

Figure x-3 illustrates an example of TDD and FDD frame structure with DL/UL ratio = 4:2 for the 8.75MHz channel bandwidth with a CP of 1/4 Tb. Assuming OFDMA symbol duration of 128μs and a CP length of 1/4Tb the length of type-1 and type-2 subframes are 0.768 ms and 0.896 ms, respectively. 
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Figure x-3 Frame structures for 8.75MHz TDD and FDD modes (G=1/4)

=============================== End of Text Proposal ===============================
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