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1. Introduction
The OFDM parameters in [1] include various channel bandwidth and CP lengths for IEEE 802.16m. These various options must yield different available OFDM symbols within a 5 ms frame. With only single size of sub-frame, it’s not possible to divide a frame into unique-sized sub-frames with satisfying several requirements in the TGm System Requirement Document [2]. Thus, in this contribution, we propose a basic frame structure with three types of sub-frames, which consist of 5, 6, and 7 OFDM symbols per sub-frame. In addition, we suggest a frame structure for a CP length of 1/16 Tu derived from the proposed three types of sub-frames. As a result, the proposed basic frame structure for a CP length of 1/16 Tu shows that there is no problem to coexist with the legacy-support mode in the neighbor cells. As a text proposal, we suggest alternative text and illustrations for frame structure in the Draft IEEE 802.16m System Description Document (SDD), C802.16m-08/003r1 [1].
2. Necessity of Multiple Sub-frame Sizes

Table I shows the OFDM parameter included in the Draft IEEE 802.16m System Description Document (SDD), C802.16m-08/003r1 [1]. The OFDM symbols per frame are different according to combinations of channel bandwidth and CP length candidates. Moreover, in case of TDD, at least one OFDM symbol should be punctured for TTG/RTG from FDD frame structure, and thus, the definition of different sub-frame size is inevitable in the designed IEEE 802.16m frame structure. The necessity of multiple sub-frame sizes can be summarized as follows:
· To support irregular sub-frame due to TTG/RTG in TDD operation
· To accommodate the various number of OFDM symbols per frame according to channel bandwidth and CP length options 
· To maintain the consistency with frame structure in 1/8 Tu CP and maximize the commonality among various frame configurations 
3. Basic Frame Structure for IEEE 802.16m
In order to find a proper size of sub-frame, most of companies already performed evaluations in terms of flexibility of DL to UL ratios, control overhead, and H-ARQ latency as shown in [3][4][5]. Based on these results, 6 OFDM symbols would be better as the default size of sub-frame in accordance with legacy support requirements for the reference system. For another number of OFDM symbols per frame, i.e., 51 symbols per frame with a CP length of 1/16 Tu, however, it’s not possible to divide a frame into sub-frames only with one sub-frame size. Therefore, we should additionally define couple of different sub-frame sizes, and those sizes should be similar to the default sub-frame due to satisfy requirements on flexible DL to UL ratio, control overhead, and H-ARQ latency. 

Table I. OFDM parameters for IEEE 802.16m

	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

	Tu (us)
	91.4
	128
	102.4
	91.4
	91.4

	Cyclic Prefix (CP)
	Ts (us)
	Number of OFDM Symbols per Frame
	Idle Time (us)

	Tg=1/8 Tu
	91.4 + 11.42=102.82 (for 5, 10, 20 MHz)
	48 (for 5, 10, 20 MHz)
	64.64

	
	128+16=144 (for 7 MHz)
	34 (for 7 MHz)
	104

	
	102.4+12.8=115.2 (for 8.75 MHz)
	43 (for 8.75 MHz)
	46.40

	Tg = 1/16 Tu 
	91.4 + 5.71 = 97.11 (for 5, 10, 20 MHz)
	51 (for 5, 10, 20 MHz)
	47.39


Here, we suggest three sizes of sub-frames. The first one consists of 6 OFDM symbols, which can be called type-1, as a default type of sub-frames. The type-2 sub-frame consists of 5 OFDM symbols and it is used for the TTG-sub-frame which can be the last DL sub-frame in the TDD operation with a CP length of 1/8 Tu. The type-3 sub-frame, which consists of 7 OFDM symbols, is defined to be used in case of a CP length of 1/16 Tu or other purposes.
Fig 1 shows the proposed basic frame structure with these three types of sub-frames. The size of super-frame is 20 ms consisting of four consecutive 5ms frames. Each super-frame may has a control information block, i.e., super-frame header, which may include synchronization channel and broadcasting information for the network entry. Each frame can be divided into 8 sub-frames. 
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Fig. 1 Basic frame structure of the IEEE 802.16m 
4. Frame Structure with a CP of 1/8 Tu
Fig. 2 illustrates TDD and FDD frame structures with a CP length of 1/8 Tu. The FDD frame structure has a commonality with the TDD frame structure in the number of sub-frames, and all sub-frames can be configured as type-1 sub-frame, except one TTG-sub-frame in the TDD configuration. 

The important design criterion is that the switching point from DL to UL is aligned with the legacy TDD frame. Since a new IEEE 802.16m frame structure and the legacy frame structure can coexist between adjacent cells in legacy-support scenarios, we have to strongly consider the DL and UL interference problem between adjacent MSs in the different cells. This coexistence problem is also related to the reason why we should have the same sampling frequency and sub-carrier spacing with the WirelessMAN-OFDMA reference system.
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Fig. 2 TDD and FDD Frame Structures with a CP of 1/8 Tu (DL to UL ratio of 5:3)
5. Frame Structure with a CP of 1/16 Tu

For a CP length of 1/16 Tu, the switching point alignment with the legacy or the 16m system with a CP length of 1/8 Tu should be one of the important design criteria due to the DL and UL interference problem in a TDD mode. Here, we propose a sub-frame configuration allowing the coexistence with the legacy and the 16m systems operating with a CP length of 1/8 Tu.

Fig. 3 shows TDD and FDD frame structures with a given DL to UL ratio of 5:3. In both TDD and FDD, most of sub-frames are configured with type-1 sub-frames, but 2 sub-frames in TDD and 3 sub-frames in FDD are type-3 sub-frames which have 7 OFDM symbols per sub-frame. In this case, the type-2 subframe with 5 OFDM symbols can not be considered by puncturing one OFDM symbol in the one of type-3 subframes. 
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Fig. 3 TDD and FDD Frame Structure with a CP of 1/16 Tu (DL to UL ratio of 5:3)
Fig. 4 shows the proposed TDD frame configurations of a CP length of 1/16 Tu. Two type-3 sub-frames are located in DL and UL, separately, and the single type-3 sub-frame in FDD is converted into type-1 sub-frame for the TTG region. The switching point is aligned with the legacy or the 16m systems operating with a CP length of 1/8 Tu, and this configuration has no problem to coexist with the legacy or the 16m systems operating with a CP length of 1/8 Tu for each DL to UL ratio.
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Fig. 4 Coexistence between the legacy-support mode and legacy-support disabled mode (CP = 1/16 Tu) 

Table II shows the detailed positions of three sub-frame types for both CP lengths of 1/8 Tu and 1/16 Tu. If the DL to UL ratios are assumed to be determined according to multiple sub-frames, there are five possibilities in the DL to UL ratios such as (4:4), (5:3), (6:2), (7:1) and (8:0), where the last case (8:0) can be construed as DL-only transmission such as a FDD mode.
Table II. TDD frame configurations with various DL to UL ratios
	Sub-Frame Type
	Type-1
	Type-2
	Type-3

	CP Length
	DL:UL
	Sub-Frame Index

	1/8 Tu
	(4:4)
	0, 1, 2, 4, 5, 6, and 7
	3
	N/A

	
	(5:3)
	0, 1, 2, 3, 5, 6, and 7
	4
	N/A

	
	(6:2)
	0, 1, 2, 3, 4, 6, and 7
	5
	N/A

	
	(7:1)
	0, 1, 2, 3, 4, 5, and 7
	6
	N/A

	1/16 Tu
	(4:4)
	1, 2, 3, 4, 5, and 6
	N/A
	0 and 7

	
	(5:3)
	1, 2, 3, 4, 5, and 6
	N/A
	0 and 7

	
	(6:2)
	1, 2, 3, 4, 5, and 6
	N/A
	0 and 7

	
	(7:1)
	1, 2, 3, 4, 5, and 6
	N/A
	0 and 7


With a CP length of 1/8 Tu, an OFDM symbol duration including a CP is the same as the legacy system. Thus, compared to the (5:3) case shown in Fig. 2, various DL to UL ratio have no impact on sub-frame configurations considering the coexistence problem in the legacy-support mode. The only change is that the position of one type-2 sub-frame is just shifted for other DL to UL ratios.
With a CP length of 1/16 Tu, the coexistence with TDD frames of a CP length of 1/8 Tu should be considered. Compared to 48 OFDM symbols when a CP length is 1/8 Tu, a frame can have 51 OFDM symbols. In order to solve the coexistence problem, these remaining 3 symbols should be located in DL, TTG/RTG, and UL, separately, for every DL to UL ratio. Therefore, one type-3 sub-frames should be located in the DL region, and the other type-3 sub-frames should be positioned in the UL region regardless of the DL to UL ratio. 
6. Conclusion
In this contribution, we propose a basic frame structure with three types of sub-frame for various channel bandwidth and CP length options. Based on these three types of sub-frame, we additionally suggest a frame structure of a CP length of 1/16 Tu which has the commonality with the legacy frame structure. This structure proves that there is no problem to coexist with the legacy or the 16m system operating with a CP length of 1/8 Tu. 
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Text Proposal for the 802.16m SDD
============================== Start of Proposed Text =================================

11.4.1 Basic Frame Structure
[Modify the text on lines 12~13 in page 17 of C802.16m-08/003r1 as follows:]
There are three types of sub-frames: 1) the type-1 sub-frame which consists of six OFDM symbols, 2) the type-2 sub-frame that consists of five OFDM symbols, and 3) the type-3 sub-frame that consists of seven OFDM symbols.

[Replace Figure 8 in page 17 of C802.16m-08/003r1 with the following figure]
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Figure 8 Basic frame structure

[Replace Figures 9 and 10 in page 18 of C802.16m-08/003r1 with the following unified figure]
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Figure 9 TDD and FDD Frame Structures with a CP of 1/8 Tu (DL to UL ratio of 5:3)

[Add the following figure on the page 18 in C802.16m-08/003r1]
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Figure X TDD and FDD Frame Structure with a CP of 1/16 Tu (DL to UL ratio of 5:3)
============================== End of Proposed Text =================================
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