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Proposed text change for frame structure: co-existence with TD-SCDMA/LTE under 1/16 CP ratio (16.3.3.7)
Zheng Yan-Xiu, Chung-Lien Ho, Chang-Lan Tsai, Yu-Chuan Fang
ITRI
1. Introduction
In P802.16m/D9 [1], the frame structure can support that IEEE 802.16m to co-exist with TD-SCDMA/LTE in 1/8 CP ratio by puncturing 2 OFDM symbols. In other words, 6% capacity loss is expected. This contribution provides some analysis for the timing alignment between TDD systems. Based on our analysis, the used OFDM symbols could be the same and most cases can be supported as well.
2. TD-SCDMA frame structure and the associated constraints
TD-SCDMA applies 1.28Mcps and the associated configuration described in [3]. There are seven configurations but three configurations are considered to be used in the current deployment: symmetric DL/UL configuration with D:L=4:3, asymmetric DL/UL configuration with D:L=5:2 and entire carrier dedicated to MBSFN. For the MBSFN, configurations 5, 10 and 40 can co-exist with and we will evaluate this case in the following. We will focus on the other two configurations. 
Fig. 1 illustrates the symmetric DL/UL configuration. The subframe spans 5ms and is composed of DwPTS (75μs), GP (75μs), UpPTS (125μs), 7 slots (675μs x7=4725μs). Downlink is composed of DwPTS, and downlink slots. Uplink is composed of UpPTS and uplink slots.
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Fig. 1: TD-SCDMA frame structure of symmetric DL/UL configuration.
Therefore, for the symmetric DL/UL allocation, downlink duration occupies 2775 μs and uplink duration occupies 2150 μs. For the asymmetric DL/UL allocation, downlink duration occupies 3450 μs and uplink duration occupies 1475 μs.
3. TD-LTE frame structure and the associated constraints
TD-LTE applies 10ms frame structure which is composed of 10 subframes of 1ms. In general, each subframe is composed of 14 or 12 OFDM symbols depending on which type of cyclic prefix used. A special subframe is composed of Downlink Pilot Time Slot (DwPTS), Uplink Pilot Time Slot (UpPTS) and guard period (GP).
Figure 2 and Figure 3 illustrate two exemplary frame structures for TD-LTE. For TD-LTE, it has two kinds of periodicity, 5ms and 10ms. Comparing to IEEE 802.16m, 5ms TD-LTE frame structure could co-exist with IEEE 802.16m but the 10ms TD-LTE frame structure can not co-exist with IEEE 802.16m.
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Figure 2: Exemplary frame structure with 5ms switch-point periodicity.
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Figure 3: Exemplary frame structure with 10ms switch-point periodicity.

Table 1 further provides uplink-downlink frame configuration for TD-LTE. D, S and U denote downlink, special subframe and uplink. Configuration 0, 1, 2 can co-exist with IEEE 802.16m can co-exist with configurations 0, 1, 2 by 5ms periodicity but can not co-exist with configurations 3, 4, 5 and 6. Therefore, our embodiment will provide frame structure co-existing with configurations 0, 1, 2. Tables 2 and 3 further illustrate the special subframe configuration for TD-LTE. Based on configurations 0, 1 and 2 and special subframe configuration, we have some downlink duration and uplink duration shown in Appendix A.
Table 1: Uplink-downlink frame configuration for TD-LTE.

	Uplink-downlink configuration
	Downlink-to-Uplink
Switch-point periodicity
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D


Table 2: Special subframe configuration for TD-LTE with normal cyclic prefix in downlink.

	Special subframe configuration
	Normal cyclic prefix in downlink

	
	DwPTS
	GP (NCP)
	UpPTS (NCP in UL)
	GP (ECP) 
	UpPTS (ECP in UL)

	0
	215.21μs
	713.23μs
	71.56μs
	701.22μs
	83.57μs

	1
	645.12μs
	283.32μs
	
	271.31μs
	

	2
	716.68μs
	211.76μs
	
	199.75μs
	

	3
	797.06μs
	131.38μs
	
	119.37μs
	

	4
	859.81μs
	68.63μs
	
	56.62μs
	

	5
	215.21μs
	641.66μs
	143.13μs
	617.63μs
	167.16μs

	6
	645.12μs
	211.75μs
	
	187.72μs
	

	7
	716.68μs
	140.19μs
	
	116.16μs
	

	8
	788.25μs 
	68.62μs
	
	44.59μs
	


Table 3: Special subframe configuration for TD-LTE with extended cyclic prefix in downlink.

	Special subframe configuration
	Extended cyclic prefix in downlink

	
	DwPTS
	UpPTS (NCP in UL)
	UpPTS (ECP in UL)

	0
	250μs
	71.35μs
	83.33μs

	1
	666.67μs
	
	

	2
	750μs
	
	

	3
	833.33μs
	
	

	4
	250μs
	142.71μs
	166.67μs

	5
	666.67μs
	
	

	6
	750μs
	
	


4. Methodology of co-existence
Figure 4 further plots the timing relationship between TD-LTE and IEEE 802.16m. Denote by D_LTE, U_LTE, G and F the downlink duration, uplink duration, guard period frame duration of LTE, where F = D_LTE + U_LTE + G =5ms. Denote by D_16m, U_16 and TTG the downlink duration, uplink duration and transmit transition gap of IEEE 802.16m. Denote by RTD the supported round trip delay for IEEE 802.16m, where RTD=2d/c, d is the supported distance between mobile station and base station and c is light speed.

In this figure, we find three equations to support co-existence as follows:
1. D_LTE+G/2 > D_16m+RTD/2

2. U_LTE+G/2 > U_16m+RTD/2

3. RTD<TTG

Guard period is larger than the supported round trip delay for the LTE system. Therefore, the downlink propagation delay can be as large as G/2. The timing advance can also be as large as G/2 in uplink. Therefore, if the first equation is not satisfied and uplink timing advance is G/2 for TD-LTE, IEEE 802.16m system will interfere TD-LTE with high probability. For the second equation, we have the same argument. The third equation describes the TTG shall be larger than the round trip delay for IEEE 802.16m. If not, IEEE 802.16m system can not support such round trip delay. In the following, we will provide the suggested frame configuration for 1/8 and 1/16 CP ratios based on this three equation.
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Figure 4: Exemplary co-existence between LTE and IEEE 802.16m.

Before we provide further analysis results, we assume the maximum supported distance is 5km for IEEE 802.16m and the RPD is 33.33μs as described in IEEE C802.16m-09/2124r1 [2]. Under this assumption, uplink and downlink duration and requirements, we have allowed OFDM symbols for 1/8 and 1/16 cyclic prefix ratio in Appendixes B and C.
According to Appendix B, we will discuss three configurations for 1/8 cyclic prefix ratio.

For configuration 0, we can have some configurations A:B=14 (13):33, 17:30, 17:31, 18:30 and 15:33 as shown in Table B.1 in Appendix B, where A:B denote the number OFDM symbols in downlink versus that in uplink. In downlink 14 and 15 does not suit for IEEE 802.16m and therefore 17:30 is more proper configuration. This has been defined in IEEE 802.16m frame configuration set.
For Configuration 1, we can use these configurations A:B=24:23, 26:21(20), 27:20, 27:21(20) and 25:23 as shown in Table B.2 in Appendix B. In this case, 27:20 with D:L=5:3 might be more proper to support most used LTE frame configuration with fewer guard period. The frame configuration is shown in Table 4. The configuration can be used to co-exist with TD-SCDMA with symmetric configuration.
For Configuration 2 we can use these configurations A:B=34:14 (13), 34:13, 36:12, 37:10, 37:11 and 36:11 as shown in Table B.3 in Appendix B. The 34:13 with D:L=6:2 is more preferable and the frame configuration is shown in Table 4. This configuration can co-exist with TD-SCDMA with asymmetric configuraiton.
Table 4: Frame Configuration for 1/8 CP Ratio.

	D:U 
	AAI subframe Type 
	TTG/RTG (us) 

	
	#0 
	#1 
	#2 
	#3 
	#4 
	#5 
	#6 
	#7 
	

	6:2 
	DL Type1 
	DL Type1 
	DL Type1 
	DL Type1 
	DL Type3 
	DL Type3 
	UL Type1 
	UL Type2 
	105.714/ 60 

	5:3 
	DL Type1 
	DL Type1 
	DL Type3 
	DL Type3 
	DL Type3 
	UL Type1 
	UL Type2 
	UL Type2 
	105.714/ 60 


According to Appendix C, we will discuss three configurations for 1/16 cyclic prefix ratio.

For Configuration 0, we can use these configurations A:B=15:35, 16:35, 18:32, 19:32, 19:31, 17:33 and 18:33 to co-exist with TD-LTE as shown in Table C.1 in Appendix C. The configuration 18:32 with D:L=3:5 is suggested configuration to co-exist with TD-LTE with best performance. 
For Configuration 1, we can use these configurations A:B=26:24, 28(27):22, 29:21(20), 29:22(20) and 25:25 as shown in Table C.2 in Appendix C. In this case, the suggested configuration is 29:20 with D:L=5:3. The frame configuration is shown in Table 5. The 29:20 can be used to co-exist with TD-SCDMA symmetric configuration. However, we can further consider the co-existence with 16m frame structures with 1/8 and 16 CP ratios. The 29:19 is a better trade-off in this scenario.
For Configuration 2, we can use these configurations A:B=36:14(13), 38:12, 39:11, 36:15 (13) and 39:12 as shown in Table C.3 in Appendix C. In this case, the suggested configuration is 36:13 with D:L=6:2. The frame configuration is shown in Table 5. This configuration can co-exist with TD-SCDMA with asymmetric configuration.
Table 5: Frame Configuration for 1/16 CP Ratio.

	D:U 
	AAI subframe Type 
	TTG/RTG (us) 

	
	#0 
	#1 
	#2 
	#3 
	#4 
	#5 
	#6 
	#7 
	

	6:2 
	DL Type1 
	DL Type2 
	DL Type1 
	DL Type1 
	DL Type1 
	DL Type3 
	UL Type1 
	UL Type2 
	179.996/ 60

	5:3 
	DL Type1 
	DL Type2 
	DL Type1 
	DL Type3 
	DL Type3 
	UL Type1 
	UL Type1 
	UL Type2 
	179.996/ 60 

	3:5 
	DL Type1 
	DL Type2 
	DL Type3 
	UL Type1 
	UL Type1 
	UL Type1 
	UL Type2 
	UL Type2 
	82.853/ 60 


5. Conclusion
This contribution provides frame structure to support TDD co-existence with TD-SCDMA/LTE with 1/8 and 1/16 CP ratio. 
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<\ins>  
Table 803—Frame Configuration and Indexing (5/10/20MHz channel bandwidth)
	No.
	BW
	CP
	Frame configuration index
	Duplex
	D:U
	Subframe provision
	AAI subframe Type
	TTG /RTG

(µs)

	
	
	
	
	
	
	DL 

offset
	DL length
	UL 

Length 
	#0
	#1
	#2
	#3
	#4
	#5
	#6
	#7
	

	1
	5/10/20
	1/16
	0
	TDD
	6:2
	N/A
	N/A
	N/A
	DL Type1
	DL Type2
	DL Type1
	DL Type1
	DL Type1
	DL Type1
	UL Type1
	UL Type2
	82.853 / 60

	2
	5/10/20
	1/16
	1
	TDD
	5:3
	N/A
	N/A
	N/A
	DL Type1
	DL Type2
	DL Type1
	DL Type1
	DL Type31
	UL Type1
	UL Type21
	UL Type2
	82.853 / 60

	3
	5/10/20
	1/16
	2
	TDD
	4:4
	N/A
	N/A
	N/A
	DL Type1
	DL Type2
	DL Type1
	DL Type1
	UL Type1
	UL Type1
	UL Type1
	UL Type2
	82.853 / 60

	4
	5/10/20
	1/16
	3
	TDD
	3:5
	N/A
	N/A
	N/A
	DL Type1
	DL Type2
	DL Type31
	UL Type1
	UL Type1
	UL Type1
	UL Type21
	UL Type2
	82.853 / 60

	5
	5/10/20
	1/16
	4
	FDD
	N/A
	N/A
	N/A
	N/A
	D/U Type1
	D/U Type2
	D/U Type1
	D/U Type1
	D/U Type2
	D/U Type1
	D/U Type1
	D/U Type2
	N/A

	6
	5/10/20
	1/16
	5
	TDD
	6:2
	N/A
	N/A
	N/A
	DL Type1 
	DL Type2 
	DL Type1 
	DL Type1 
	DL Type1 
	DL Type3 
	UL Type1 
	UL Type2 
	179.996/ 60

	7
	5/10/20
	1/16
	6
	TDD
	5:3
	N/A
	N/A
	N/A
	DL Type1 
	DL Type2 
	DL Type1 
	DL Type3 
	DL Type3 
	UL Type1 
	UL Type1 
	UL Type2 
	275.139/ 60 

	68
	5/10/20
	1/8
	0
	TDD
	6:2
	N/A
	N/A
	N/A
	DL Type1
	DL Type1
	DL Type1
	DL Type1
	DL Type1
	DL Type3
	UL Type1
	UL Type1
	105.714 / 60

	79
	5/10/20
	1/8
	1
	TDD
	5:3
	N/A
	N/A
	N/A
	DL Type1
	DL Type1
	DL Type1
	DL Type1
	DL Type3
	UL Type1
	UL Type1
	UL Type1
	105.714 / 60

	810
	5/10/20
	1/8
	2
	TDD
	4:4
	N/A
	N/A
	N/A
	DL Type1
	DL Type1
	DL Type1
	DL Type3
	UL Type1
	UL Type1
	UL Type1
	UL Type1
	105.714 / 60

	911
	5/10/20
	1/8
	3
	TDD
	3:5
	N/A
	N/A
	N/A
	DL Type1
	DL Type1
	DL Type3
	UL Type1
	UL Type1
	UL Type1
	UL Type1
	UL Type1
	105.714 / 60

	1012
	5/10/20
	1/8
	4
	FDD
	N/A
	N/A
	N/A
	N/A
	D/U Type1
	D/U Type1
	D/U Type1
	D/U Type1
	D/U Type1
	D/U Type1
	D/U Type1
	D/U Type1
	N/A

	1113
	5/10/20
	1/8
	5
	TDD
	5:3
	3
	2
	3 
	DL Type1
	DL Type1
	UL Type1
	UL Type1
	UL Type1
	Not used
	Not Used
	Not Used
	105.714 / 60

	1214
	5/10/20
	1/8
	6
	TDD
	5:3
	3
	2
	1
	DL Type1
	DL Type1
	Not Used
	Not Used
	UL Type1
	Not used
	Not Used
	Not Used
	105.714 / 60

	1315
	5/10/20
	1/8
	7
	TDD
	5:3
	2
	3
	3
	DL Type1
	DL Type1
	DL Type1
	UL Type1
	UL Type1
	UL Type1
	Not Used
	Not Used
	105.714 / 60

	1416
	5/10/20
	1/8
	8
	TDD
	5:3
	2
	3
	2
	DL Type1
	DL Type1
	DL Type1
	Not Used
	UL Type1
	UL Type1
	Not Used
	Not Used
	105.714 / 60

	1517
	5/10/20
	1/8
	9
	TDD
	5:3
	2
	2
	3
	DL Type1
	DL Type1
	Not used
	UL Type1
	UL Type1
	UL Type1
	Not used
	Not Used
	105.714 / 60

	1618
	5/10/20
	1/8
	10
	TDD
	5:3
	2
	2
	1
	DL Type1
	DL Type1
	Not used
	Not used
	Not Used
	UL Type1
	Not Used
	Not Used
	105.714 / 60

	1719
	5/10/20
	1/8
	11
	TDD
	5:3
	1
	4
	3
	DL Type1
	DL Type1
	DL Type1
	DL Type1
	UL Type1
	UL Type1
	UL Type1
	Not Used
	105.714 / 60

	1820
	5/10/20
	1/8
	12
	TDD
	5:3
	1
	4
	2
	DL Type1
	DL Type1
	DL Type1
	DL Type1
	Not Used
	UL Type1
	UL Type1
	Not Used
	105.714 / 60

	1921
	5/10/20
	1/8
	13
	TDD
	5:3
	1
	3
	3
	DL Type1
	DL Type1
	DL Type1
	Not used
	UL Type1
	UL Type1
	UL Type1
	Not Used
	105.714 / 60

	2022
	5/10/20
	1/8
	14
	TDD
	5:3
	1
	3
	2
	DL Type1
	DL Type1
	DL Type1
	Not used
	Not used
	UL Type1
	UL Type1
	Not Used
	105.714 / 60

	2123
	5/10/20
	1/8
	15
	TDD
	5:3
	1
	2
	3
	DL Type1
	DL Type1
	Not used
	Not used
	UL Type1
	UL Type1
	UL Type1
	Not Used
	105.714 / 60

	2224
	5/10/20
	1/8
	16
	TDD
	5:3
	1
	2
	1
	DL Type1
	DL Type1
	Not used
	Not used
	Not used
	Not used
	UL Type1
	Not Used
	105.714 / 60

	2325
	5/10/20
	1/8
	17
	TDD
	6:2
	N/A
	N/A
	N/A
	DL Type1
	DL Type1
	DL Type1
	DL Type1
	DL Type3
	DL Type3
	UL Type1
	UL Type1
	208.571 / 60

	2426
	5/10/20
	1/8
	18
	TDD
	5:3
	N/A
	N/A
	N/A
	DL Type1
	DL Type1
	DL Type1
	DL Type3
	DL Type3
	UL Type1
	UL Type1
	UL Type1
	208.571 / 60

	2527
	5/10/20
	1/8
	19
	TDD
	5:3
	N/A
	N/A
	N/A
	DL Type1
	DL Type1
	DL Type3
	DL Type3
	DL Type3
	UL Type1
	UL Type1
	UL Type1
	311.428 / 60

	2628
	5/10/20
	1/8
	2022
	TDD
	5:3
	2
	1
	3
	DL Type2
	Not Used
	Not Used
	UL Type1
	UL Type1
	UL Type1
	Not Used
	Not Used
	105.714 / 60

	2729
	5/10/20
	1/8
	2123
	TDD
	5:3
	1
	1
	3
	DL Type2
	Not Used
	Not Used
	Not Used
	UL Type1
	UL Type1
	UL Type1
	Not Used
	105.714 / 60

	2830
	5/10/20
	1/8
	2224
	TDD
	6:2
	1
	1
	2
	DL Type2
	Not Used
	Not Used
	Not Used
	Not Used
	UL Type1
	UL Type1
	Not Used
	105.714 / 60

	2931
	5/10/20
	1/8
	2325
	TDD
	6:2
	1
	2
	2
	DL Type1
	DL Type1
	Not Used
	Not Used
	Not Used
	UL Type1
	UL Type1
	Not Used
	105.714 / 60

	3032
	5/10/20
	1/8
	2426
	TDD
	6:2
	1
	3
	2
	DL Type1
	DL Type1
	DL Type1
	Not Used
	Not Used
	UL Type1
	UL Type1
	Not Used
	105.714 / 60

	3133
	5/10/20
	1/8
	2527
	TDD
	6:2
	1
	4
	2
	DL Type1
	DL Type1
	DL Type1‘
	DL Type1
	Not Used
	UL Type1
	UL Type1
	Not Used
	105.714 / 60

	3234
	5/10/20
	1/8
	2628
	TDD
	6:2
	1
	5
	2 
	DL Type1
	DL Type1
	DL Type1
	DL Type1
	DL Type1
	UL Type1
	UL Type1
	Not Used
	105.714 / 60

	3335
	5/10/20
	1/8
	2729
	TDD
	6:2
	2
	1
	2
	DL Type2
	Not Used
	Not Used
	Not Used
	UL Type1
	UL Type1
	Not Used
	Not Used
	105.714 / 60

	3436
	5/10/20
	1/8
	2830
	TDD
	6:2
	2
	2
	2
	DL Type1
	DL Type1
	Not Used
	Not Used
	UL Type1
	UL Type1
	Not Used
	Not Used
	105.714 / 60

	3537
	5/10/20
	1/8
	2931
	TDD
	6:2
	2
	3
	2
	DL Type1
	DL Type1
	DL Type1
	Not Used
	UL Type1
	UL Type1
	Not Used
	Not Used
	105.714 / 60

	3638
	5/10/20
	1/8
	3032
	TDD
	6:2
	2
	4
	2 
	DL Type1
	DL Type1
	DL Type1
	DL Type1
	UL Type1
	UL Type1
	Not Used
	Not Used
	105.714 / 60

	3739
	5/10/20
	1/4
	0
	TDD
	5:2
	N/A
	N/A
	N/A
	DL Type1
	DL Type1
	DL Type1
	DL Type1
	DL Type1
	UL Type1
	UL Type1
	
	139.988 / 60

	3840
	5/10/20
	1/4
	1
	TDD
	4:3
	N/A
	N/A
	N/A
	DL Type1
	DL Type1
	DL Type1
	DL Type1
	UL Type1
	UL Type1
	UL Type1
	
	139.988 / 60

	3941
	5/10/20
	1/4
	2
	TDD
	3:4
	N/A
	N/A
	N/A
	DL Type1
	DL Type1
	DL Type1
	UL Type1
	UL Type1
	UL Type1
	UL Type1
	
	139.988 / 60

	4042
	5/10/20
	1/4
	3
	FDD
	N/A
	N/A
	N/A
	N/A
	D/U Type1
	D/U Type1
	D/U Type1
	D/U Type2
	D/U Type1
	D/U Type1
	D/U Type1
	
	N/A


<\ins>

-------------------------------  Text End  ---------------------------------------------------
Appendix A Downlink and Uplink Duration 
Table A.1: Downlink and uplink duration for TD-LTE configuration 0 with normal cyclic prefix in downlink.
	Special subframe configuration
	Normal cyclic prefix in downlink

	
	Downlink
	GP (NCP)
	Uplink (NCP in UL)
	GP (ECP)
	Uplink (ECP in UL)

	0
	1215.21μs
	713.23μs
	3071.56μs
	701.22μs
	3083.57μs

	1
	1645.12μs
	283.32μs
	
	271.31μs
	

	2
	1716.68μs
	211.76μs
	
	199.75μs
	

	3
	1797.06μs
	131.38μs
	
	119.37μs
	

	4
	1859.81μs
	68.63μs
	
	56.62μs
	

	5
	1215.21μs
	641.66μs
	3143.13μs
	617.63μs
	3167.16μs

	6
	1645.12μs
	211.75μs
	
	187.72μs
	

	7
	1716.68μs
	140.19μs
	
	116.16μs
	

	8
	1788.25μs 
	68.62μs
	
	44.59μs
	


Table A.2: Downlink and uplink duration for TD-LTE configuration 1 with normal cyclic prefix in downlink.

	Special subframe configuration
	Normal cyclic prefix in downlink

	
	Downlink
	GP (NCP)
	Uplink (NCP in UL)
	GP (ECP)
	Uplink (ECP in UL)

	0
	2215.21μs
	713.23μs
	2071.56μs
	701.22μs
	2083.57μs

	1
	2645.12μs
	283.32μs
	
	271.31μs
	

	2
	2716.68μs
	211.76μs
	
	199.75μs
	

	3
	2797.06μs
	131.38μs
	
	119.37μs
	

	4
	2859.81μs
	68.63μs
	
	56.62μs
	

	5
	2215.21μs
	641.66μs
	2143.13μs
	617.63μs
	2167.16μs

	6
	2645.12μs
	211.75μs
	
	187.72μs
	

	7
	2716.68μs
	140.19μs
	
	116.16μs
	

	8
	2788.25μs 
	68.62μs
	
	44.59μs
	


Table A.3: Downlink and uplink duration for TD-LTE configuration 2 with normal cyclic prefix in downlink.

	Special subframe configuration
	Normal cyclic prefix in downlink

	
	Downlink
	GP (NCP)
	Uplink (NCP in UL)
	GP (ECP)
	Uplink  (ECP in UL)

	0
	3215.21μs
	713.23μs
	1071.56μs
	701.22μs
	1083.57μs

	1
	3645.12μs
	283.32μs
	
	271.31μs
	

	2
	3716.68μs
	211.76μs
	
	199.75μs
	

	3
	3797.06μs
	131.38μs
	
	119.37μs
	

	4
	3859.81μs
	68.63μs
	
	56.62μs
	

	5
	3215.21μs
	641.66μs
	1143.13μs
	617.63μs
	1167.16μs

	6
	3645.12μs
	211.75μs
	
	187.72μs
	

	7
	3716.68μs
	140.19μs
	
	116.16μs
	

	8
	3788.25μs 
	68.62μs
	
	44.59μs
	


Table A.4: Downlink and uplink duration for TD-LTE configuration 0 with extended cyclic prefix in downlink.
	Special subframe configuration
	Extended cyclic prefix in downlink

	
	Downlink 
	Uplink (NCP in UL)
	Uplink   (ECP in UL)

	0
	1250μs 
	3071.35μs 
	3083.33μs 

	1
	1666.67μs 
	
	

	2
	1750μs 
	
	

	3
	1833.33μs 
	
	

	4
	1250μs 
	3142.71μs 
	3166.67μs 

	5
	1666.67μs 
	
	

	6
	1750μs 
	
	


Table A.5: Downlink and uplink duration for TD-LTE configuration 1 with extended cyclic prefix in downlink.
	Special subframe configuration
	Extended cyclic prefix in downlink

	
	Downlink
	Uplink (NCP in UL)
	Uplink (ECP in UL)

	0
	2250μs
	2071.35μs
	2083.33μs

	1
	2666.67μs
	
	

	2
	2750μs
	
	

	3
	2833.33μs
	
	

	4
	2250μs
	2142.71μs
	2166.67μs

	5
	2666.67μs
	
	

	6
	2750μs
	
	


Table A.6: Downlink and uplink duration for TD-LTE configuration 2 with extended cyclic prefix in downlink.
	Special subframe configuration
	Extended cyclic prefix in downlink

	
	Downlink
	Uplink

(NCP in UL)
	Uplink   (ECP in UL)

	0
	3250μs 
	1071.35μs 
	1083.33μs 

	1
	3666.67μs 
	
	

	2
	3750μs 
	
	

	3
	3833.33μs 
	
	

	4
	3250μs 
	1142.71μs 
	1166.67μs 

	5
	3666.67μs 
	
	

	6
	3750μs 
	
	


Appendix B Allowed OFDM Symbols for 1/8 Cyclic Prefix Ratio
Table B.1: Allowed OFDM symbols for IEEE 802.16m to co-exist with TD-LTE configuration 0 with normal cyclic prefix in downlink.
	Special subframe configuration
	Normal cyclic prefix in downlink

	
	Allowed DL OFDM Symbols

(NCP in UL)
	Allowed UL OFDM Symbols

(NCP in UL)
	Allowed DL OFDM Symbols

(ECP in UL)
	Allowed UL OFDM Symbols

 (ECP in UL)

	0
	15.12 
	33.17 
	15.06 
	33.23 

	1
	17.21 
	31.08 
	17.15 
	31.14 

	2
	17.56 
	30.73 
	17.50 
	30.79 

	3
	17.95 
	30.34 
	17.89 
	30.40 

	4
	18.25 
	30.03 
	18.19 
	30.09 

	5
	14.77 
	33.52 
	14.65 
	33.63 

	6
	16.86 
	31.43 
	16.74 
	31.54 

	7
	17.21 
	31.08 
	17.09 
	31.19 

	8
	17.56 
	30.73 
	17.44 
	30.85 


Table B.2: Allowed OFDM symbols for IEEE 802.16m to co-exist with TD-LTE configuration 1 with normal cyclic prefix in downlink.
	Special subframe configuration
	Normal cyclic prefix in downlink

	
	Allowed DL OFDM Symbols

(NCP in UL)
	Allowed UL OFDM Symbols

(NCP in UL)
	Allowed DL OFDM Symbols

(ECP in UL)
	Allowed UL OFDM Symbols

 (ECP in UL)

	0
	15.12 
	33.17 
	15.06 
	33.23 

	1
	17.21 
	31.08 
	17.15 
	31.14 

	2
	17.56 
	30.73 
	17.50 
	30.79 

	3
	17.95 
	30.34 
	17.89 
	30.40 

	4
	18.25 
	30.03 
	18.19 
	30.09 

	5
	14.77 
	33.52 
	14.65 
	33.63 

	6
	16.86 
	31.43 
	16.74 
	31.54 

	7
	17.21 
	31.08 
	17.09 
	31.19 

	8
	17.56 
	30.73 
	17.44 
	30.85 


Table B.3: Allowed OFDM symbols for IEEE 802.16m to co-exist with TD-LTE configuration 2 with normal cyclic prefix in downlink.
	Special subframe configuration
	Normal cyclic prefix in downlink

	
	Allowed DL OFDM Symbols

(NCP in UL)
	Allowed UL OFDM Symbols

(NCP in UL)
	Allowed DL OFDM Symbols

(ECP in UL)
	Allowed UL OFDM Symbols

 (ECP in UL)

	0
	34.56 
	13.72 
	34.51 
	13.78 

	1
	36.65 
	11.63 
	36.60 
	11.69 

	2
	37.00 
	11.29 
	36.94 
	11.34 

	3
	37.39 
	10.89 
	37.33 
	10.95 

	4
	37.70 
	10.59 
	37.64 
	10.65 

	5
	34.22 
	14.07 
	34.10 
	14.19 

	6
	36.31 
	11.98 
	36.19 
	12.10 

	7
	36.65 
	11.63 
	36.54 
	11.75 

	8
	37.00 
	11.29 
	36.88 
	11.40 


Table B.4: Allowed OFDM symbols for IEEE 802.16m to co-exist with TD-LTE configuration 0 with extended cyclic prefix in downlink.

	Special subframe configuration
	Extended cyclic prefix in downlink

	
	Allowed DL OFDM Symbols

(NCP in UL)
	Allowed UL OFDM Symbols

(NCP in UL)
	Allowed DL OFDM Symbols

(ECP in UL)
	Allowed UL OFDM Symbols

 (ECP in UL)

	0
	15.29 
	33.00 
	15.23 
	33.06 

	1
	17.32 
	30.97 
	17.26 
	31.03 

	2
	17.72 
	30.57 
	17.66 
	30.63 

	3
	18.13 
	30.16 
	18.07 
	30.22 

	4
	14.94 
	33.34 
	14.83 
	33.46 

	5
	16.97 
	31.32 
	16.85 
	31.44 

	6
	17.37 
	30.91 
	17.26 
	31.03 


Table B.5: Allowed OFDM symbols for IEEE 802.16m to co-exist with TD-LTE configuration 1 with extended cyclic prefix in downlink.
	Special subframe configuration
	Extended cyclic prefix in downlink

	
	Allowed DL OFDM Symbols (NCP in UL)
	Allowed UL OFDM Symbols (NCP in UL)
	Allowed DL OFDM Symbols (ECP in UL)
	Allowed UL OFDM Symbols (ECP in UL)

	0
	25.01 
	23.28 
	24.95 
	23.33 

	1
	27.04 
	21.25 
	26.98 
	21.31 

	2
	27.44 
	20.84 
	27.38 
	20.90 

	3
	27.85 
	20.44 
	27.79 
	20.50 

	4
	24.67 
	23.62 
	24.55 
	23.74 

	5
	26.69 
	21.60 
	26.57 
	21.71 

	6
	27.10 
	21.19 
	26.98 
	21.31 


Table B.6: Allowed OFDM symbols for IEEE 802.16m to co-exist with TD-LTE configuration 2 with extended cyclic prefix in downlink.
	Special subframe configuration
	Extended cyclic prefix in downlink

	
	Allowed DL OFDM Symbols

(NCP in UL)
	Allowed  UL OFDM Symbols

(NCP in UL)
	Allowed DL OFDM Symbols

(ECP in UL)
	Allowed UL OFDM Symbols (ECP in UL)

	0
	34.73 
	13.55 
	34.68 
	13.61 

	1
	36.76 
	11.53 
	36.70 
	11.59 

	2
	37.16 
	11.12 
	37.11 
	11.18 

	3
	37.57 
	10.72 
	37.51 
	10.78 

	4
	34.39 
	13.90 
	34.27 
	14.02 

	5
	36.41 
	11.87 
	36.30 
	11.99 

	6
	36.82 
	11.47 
	36.70 
	11.59 


Appendix C Allowed OFDM Symbols for 1/16 Cyclic Prefix Ratio
Table C.1: Allowed OFDM symbols for IEEE 802.16m to co-exist with TD-LTE configuration 0 with normal cyclic prefix in downlink.

	Special subframe configuration
	Normal cyclic prefix in downlink

	
	Allowed DL OFDM Symbols (NCP in UL)
	Allowed UL OFDM Symbols (NCP in UL)
	Allowed DL OFDM Symbols (ECP in UL)
	Allowed UL OFDM Symbols  (ECP in UL)

	0
	16.01 
	35.12 
	15.95 
	35.18 

	1
	18.22 
	32.91 
	18.16 
	32.97 

	2
	18.59 
	32.54 
	18.53 
	32.60 

	3
	19.00 
	32.12 
	18.94 
	32.19 

	4
	19.33 
	31.80 
	19.26 
	31.86 

	5
	15.64 
	35.49 
	15.52 
	35.61 

	6
	17.85 
	33.27 
	17.73 
	33.40 

	7
	18.22 
	32.91 
	18.10 
	33.03 

	8
	18.59 
	32.54 
	18.47 
	32.66 


Table C.2: Allowed OFDM symbols for IEEE 802.16m to co-exist with TD-LTE configuration 1 with normal cyclic prefix in downlink.
	Special subframe configuration
	Normal cyclic prefix in downlink

	
	Allowed DL OFDM Symbols (NCP in UL)
	Allowed UL OFDM Symbols (NCP in UL)
	Allowed DL OFDM Symbols (ECP in UL)
	Allowed UL OFDM Symbols  (ECP in UL)

	0
	26.30 
	24.82 
	26.24 
	24.89 

	1
	28.52 
	22.61 
	28.45 
	22.67 

	2
	28.88 
	22.24 
	28.82 
	22.31 

	3
	29.30 
	21.83 
	29.24 
	21.89 

	4
	29.62 
	21.51 
	29.56 
	21.57 

	5
	25.93 
	25.19 
	25.81 
	25.32 

	6
	28.15 
	22.98 
	28.02 
	23.10 

	7
	28.52 
	22.61 
	28.39 
	22.74 

	8
	28.88 
	22.24 
	28.76 
	22.37 


Table C.3: Allowed OFDM symbols for IEEE 802.16m to co-exist with TD-LTE configuration 2 with normal cyclic prefix in downlink.

	Special subframe configuration
	Normal cyclic prefix in downlink

	
	Allowed DL OFDM Symbols (NCP in UL)
	Allowed UL OFDM Symbols (NCP in UL)
	Allowed DL OFDM Symbols (ECP in UL)
	Allowed UL OFDM Symbols  (ECP in UL)

	0
	36.60 
	14.53 
	36.54 
	14.59 

	1
	38.81 
	12.32 
	38.75 
	12.38 

	2
	39.18 
	11.95 
	39.12 
	12.01 

	3
	39.59 
	11.54 
	39.53 
	11.60 

	4
	39.92 
	11.21 
	39.85 
	11.27 

	5
	36.23 
	14.90 
	36.11 
	15.02 

	6
	38.44 
	12.69 
	38.32 
	12.81 

	7
	38.81 
	12.32 
	38.69 
	12.44 

	8
	39.18 
	11.95 
	39.05 
	12.07 


Table C.4: Allowed OFDM symbols for IEEE 802.16m to co-exist with TD-LTE configuration 0 with extended cyclic prefix in downlink.

	Special subframe configuration
	Extended cyclic prefix in downlink

	
	Allowed DL OFDM Symbols (NCP in UL)
	Allowed UL OFDM Symbols (NCP in UL)
	Allowed DL OFDM Symbols (ECP in UL)
	Allowed UL OFDM Symbols  (ECP in UL)

	0
	16.19 
	34.94 
	16.13 
	35.00 

	1
	18.33 
	32.79 
	18.27 
	32.86 

	2
	18.76 
	32.36 
	18.70 
	32.43 

	3
	19.19 
	31.94 
	19.13 
	32.00 

	4
	15.82 
	35.31 
	15.70 
	35.43 

	5
	17.97 
	33.16 
	17.84 
	33.28 

	6
	18.40 
	32.73 
	18.27 
	32.86 


Table C.5: Allowed OFDM symbols for IEEE 802.16m to co-exist with TD-LTE configuration 1 with extended cyclic prefix in downlink.

	Special subframe configuration
	Extended cyclic prefix in downlink

	
	Allowed DL OFDM Symbols (NCP in UL)
	Allowed UL OFDM Symbols (NCP in UL)
	Allowed DL OFDM Symbols (ECP in UL)
	Allowed UL OFDM Symbols  (ECP in UL)

	0
	26.48 
	24.64 
	26.42 
	24.71 

	1
	28.63 
	22.50 
	28.57 
	22.56 

	2
	29.06 
	22.07 
	29.00 
	22.13 

	3
	29.49 
	21.64 
	29.42 
	21.70 

	4
	26.12 
	25.01 
	25.99 
	25.13 

	5
	28.26 
	22.87 
	28.14 
	22.99 

	6
	28.69 
	22.44 
	28.57 
	22.56 


Table C.6: Allowed OFDM symbols for IEEE 802.16m to co-exist with TD-LTE configuration 0 with extended cyclic prefix in downlink.

	Special subframe configuration
	Extended cyclic prefix in downlink

	
	Allowed DL OFDM Symbols (NCP in UL)
	Allowed UL OFDM Symbols (NCP in UL)
	Allowed DL OFDM Symbols (ECP in UL)
	Allowed UL OFDM Symbols (ECP in UL)

	0
	36.78 
	14.35 
	36.72 
	14.41 

	1
	38.92 
	12.21 
	38.86 
	12.27 

	2
	39.35 
	11.78 
	39.29 
	11.84 

	3
	39.78 
	11.35 
	39.72 
	11.41 

	4
	36.41 
	14.72 
	36.29 
	14.84 

	5
	38.55 
	12.57 
	38.43 
	12.70 

	6
	38.98 
	12.14 
	38.86 
	12.27 
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