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Frame Structures for Legacy-Support and Legacy-Support Disabled Modes
Sungho Moon and Jin Sam Kwak
LG Electronics
1. Introduction
In the legacy-support mode, most of OFDM parameters should be the same with the WirelessMAN-OFDMA reference systems. However, in the legacy-support disabled mode, the design of frame structure must aim at high spectral efficiency to satisfy the IEEE 802.16m requirements. This contribution addresses an OFDM parameter set with additional normal CP length of 1/16 Tu, where Tu is OFDM symbol size without a CP, and a unified frame structure for the legacy-support and legacy-support disabled modes. As a result, the proposed frame structure can give the 6% increased spectral efficiency and coexist with systems in the legacy-support mode. As a text proposal, we suggest alternative text and illustrations on document C802.16m-08/118r1, “Proposed 802.16m Frame Structure Baseline Content Suitable for Use in the 802.16m SDD” [1].
2. OFDM Parameters for IEEE 802.16m
In order to support the system evolution and smooth migration without physical layer impacts, the sampling frequencies, FFT sizes, and sub-carrier spacing of IEEE 802.16m should follow those of the WirelessMAN-OFDMA reference system [2]. For legacy-support scenarios, a cyclic prefix (CP) length should be the same as that of the reference system, i.e., 11.42 us which is 1/8 of an OFDM symbol (Tu). However, since the 1/8 Tu CP case could be quite long for the delay spreads in the current unicast channel models, the new parameter set should include a shorter CP length which is directly related to the throughput enhancement for the IEEE 802.16m. 
Table I shows major wireless channel models currently used for performance evaluations [3]. All of the maximum delay spread values are less than 5 (us), and thus, longer CP length options than 5 (us) can provide no gain in unicast scenarios, while it only wastes radio resources. Consequently, other existing systems, e.g., LTE and UMB for unicaset services have CP lengths of 5.21 us [4] and 6.51 us [5], which are 7% and 6% of total transmission radio resources, respectively. Therefore, an option of 5.71 us which is 1/16 of an OFDM symbol will provide inherent benefits in terms of the resource utilization because we can get three more OFDM symbols compared to 48 symbols with the CP length of 1/8 Tu. 

Table I. Wireless Channel Models

	Channel Model
	Mean Delay Spread (ns)
	RMS Delay Spread (ns)
	Max. Delay Spread (us)

	Pedestrian A
	14.4
	45
	0.41

	Pedestrian B
	409.1
	750
	3.7

	Vehicular A
	254.4
	370.4
	2.51

	TU 6-ray Model
	705
	1070
	5


The advantages of the normal CP length of 1/16 Tu are as follows:

· Less than 10% CP overhead 

· 51 OFDM symbols per frame = better peak data rate (~6%) than that with a CP length of 1/8 Tu

· Additional gain from appropriate usages of the 3 OFDM symbols, e.g., preamble, midamble, control, sounding, data, and etc.
While we suggest a CP length of 1/16 Tu as a normal CP for legacy-support disabled mode, the CP option for 1/8 Tu is still needed for 16m MBS scenarios. According to the contribution [8] presented in the previous Meeting #53, it is proved by system-level simulations that a CP length of 1/8 Tu can be a proper option in terms of spectral efficiency considering the trade-off between channel compensation performance and CP overhead. Table II shows the spectral efficiency with three CP candidates in MBS scenarios [8].

Table II. Spectral efficiency (bps/Hz) in MBSFN
	CP length
Inter-Site Distance
	1/16 Tu
	1/8 Tu
	1/4 Tu

	0.5 km
	3.9064
	3.6698
	3.2819

	1.5 km
	3.1391
	3.2766
	2.9302

	3.0 km
	1.0464
	1.1650
	1.0418

	5.0 km
	0.2325
	0.2184
	0.1953


Table III shows the proposed basic OFDM parameter set with two normal CP lengths for IEEE 802.16m. Other CP options can be added, but that should be only after the necessity and gain of the CP options are proved by analysis or simulations.
Table III. Basic OFDM parameter set with the CP length candidates of IEEE 802.16m

	Transmission Bandwidth (MHz)
	5
	10
	20

	Sampling Frequency (MHz)
	5.6
	11.2
	22.4

	FFT Size
	512
	1024
	2048

	Sub-Carrier Spacing (kHz)
	10.94
	10.94
	10.94

	Tu (us)
	91.4
	91.4
	91.4

	Usage
	CP
	Ts (us)
	OFDM Symbols per Frame
	Idle Time (us)

	Normal CP
	Legacy Support Mode or 16m MBS 
	Tg=1/8 Tu
	91.4 + 11.42=102.82
	48
	64.64

	
	Legacy-Support Disabled 16m Mode
	Tg=1/16 Tu
	91.4 + 5.71=97.11
	51
	47.39


3. Basic Frame Structure for IEEE 802.16m
The multi-dimensional frame structure partitioned by super-frame, frame, and sub-frame should be considered for allowing the latency improvement and overhead reduction with inherent enhanced features in directly related scopes such as HARQ/CQI/ scheduling latency, L1/L2 control signaling overhead, and multi-antenna operation, and etc., while meeting the requirements in the IEEE 802.16m SRD [6]. In order to maintain commonality with the WirelessMAN-OFDMA reference system [2], it is a natural way to adopt the size of a frame as 5 msec. Therefore, the frame dimensioning or granularity such as the number of frames per super-frame and sub-frames per frame should be determined with multiple 5 ms frames and within a single 5 ms frame.
The size of sub-frame should be configured with a multiple of 3 OFDM symbols in accordance with commonality with the reference system of a CP length of 1/8 Tu. According to evaluations in terms of flexibility of DL to UL ratios, control overhead, and H-ARQ latency as shown in [7], it’d be better to use 6 OFDM symbols as a sub-frame size, which is also configured as a minimum TTI unit. 

The IEEE 802.16m basic frame structure is illustrated in Fig. 1. The size of super-frame is 20 ms consisting of four consecutive 5ms frames. Each super-frame has a control information block, i.e., super-frame header, which includes synchronization channels 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 
The size of sub-frame can be varied according to duplex modes and CP lengths. There exist three types 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 is 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.

3.1. 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)
3.2. Frame Structure with a CP of 1/16 Tu
For the legacy-support disabled mode, we can choose another CP length. Even in this case, 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. 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. As seen in Fig. 3, if two type-3 sub-frames are located in DL and UL, separately, and the one type-3 sub-frame in FDD is converted into type-1 sub-frame for the TTG region, we can assure that the switching point is aligned with the legacy or the 16m systems operating with a CP length of 1/8 Tu. 
The proposed frame structure with a CP length of 1/16 Tu has advantages as follows:

· Increased spectral efficiency

· No problem to coexist with 16m systems operating with a CP length of 1/8 Tu

· Commonality with structures of a CP length of 1/8 Tu, 

· Number of sub-frames per frame, i.e., 8 sub-frame per frame
· Number of OFDM symbols per sub-frame, e.g., 5, 6, and 7 OFDM symbols per sub-frame 
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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)
3.3. Frame Structures for Other DL to UL Ratios in TDD
If the DL to UL ratios are assumed to be determined as multiples of a sub-frame, 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 represented as DL FDD.
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. Table IV shows the detailed positions of each sub-frame type for both CP lengths of 1/8 Tu and 1/16 Tu.

Table IV. 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


Fig. 4 shows the proposed TDD frame configurations based on Table III. The proposed TDD frame structure proves that it 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.
4. Conclusion
In this contribution, we propose an OFDM parameter set with two normal CP lengths and a unified IEEE 802.16m frame structures for the CP lengths with various DL to UL ratios. The proposed frame structure of a CP length of 1/16 Tu has the commonality with the legacy frame structure and 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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Fig. 4 Coexistence between the legacy-support mode and legacy-support disabled mode (CP = 1/16 Tu) 
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11.3 OFDM Parameters
[Add a CP length option into Table 11.3-1 (proposal-1) in C802.16m-08/118r1 as follows:]
	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


[Table 11.3-1: OFDM parameters for IEEE 802.16m] ( proposal-1
11.4.1 Basic Frame Structure (proposal-1)
[Replace Figure 11.4-1 (proposal-1) in C802.16m-08/118r1 with the following figure]
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Figure 11.4-1: Basic frame structure

[Replace Figure 11.4-2 and 11.4-3 (option1) in C802.16m-08/118r1 with the following figures]
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Figure 11.4-2 : TDD and FDD Frame Structures with a CP of 1/8 Tu (DL to UL ratio of 5:3)
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Figure 11.4-3: TDD and FDD Frame Structure with a CP of 1/16 Tu (DL to UL ratio of 5:3)
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