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1 Introduction
In RAN1#60 meeting, a way forward on backhaul subframe allocation for TDD has been agreed [1] as following:

· For TDD, both asymmetric and symmetric DL/UL Un subframe allocation are supported

· For TDD, explicit configuration on the set of Un UL subframes is supported

However, the detailed backhaul subframe allocation and backhaul HARQ timing for TDD is still an open issue. In RAN1 #60bis meeting, some contributions [2, 3] have been submitted to propose some solutions for backhaul HARQ timing issue. Along the line, this contribution presents our views on the backhaul subframe allocation and associated HARQ timing for TDD.
2 Un subframe allocation for TDD
For Type I relay, it was agreed that at least the following scheme will be supported [4]:

· DeNB → RN and RN → UE links are time division multiplexed in a single frequency band (only one is active at any time)

· RN → DeNB and UE → RN links are time division multiplexed in a single frequency band (only one is active at any time)
In this scheme, a relay cannot receive any Uu uplink channels from UEs when it is supposed to transmit data to the donor eNB in the Un uplink. Therefore, when RN is transmitting to the donor eNB in a Un UL subframe, it cannot receive the RUE’s ACK/NACK transmission in the corresponding Uu UL subframe.  So the PDSCH transmission by the RN in the corresponding Uu DL subframe will be impacted by the missed ACK/NACK in Uu uplink due to the Un UL subframe configured in the same timing. 
Considering the impacts on Uu link, the Un subframe allocation should manage to avoid its impact on Uu link as much as possible. To avoid the impact on Uu link, one important design guideline we should bear in mind is the fact that DL subframes 0, 1, 5 and 6 cannot be used for Un link. 
Furthermore, according to the current RAN1 agreement, both asymmetric and symmetric DL/UL Un subframe allocations are supported with explicit configuration. The agreement is for providing the donor eNB with sufficient flexibility in configuring Un DL/UL subframes. According to this agreement, we think that all the possible Un DL to UL ratios should be supported by specification to allow enough flexibility for adaptation to all the possible traffic load in Un interface, but choosing which Un DL to UL ratios for configuration can be up to donor eNB implementation. Furthermore, to avoid some unnecessary flexibility, we think that only one Un DL-UL subframe combination could be specified for each Un DL to UL ratio in a given TDD configuration. This not only can reduce the donor eNB scheduling complexity but also can simplify the specification work for Un DL/UL configuration and HARQ timing design as well as providing sufficient Un configuration flexibility. 
Based on the above considerations and RAN1 agreements, we give our proposals on Un DL/UL subframe configurations and HARQ timing design for different TDD configurations. It should be noted that since RAN1 already agreed that configuration 0 and configuration 5 would not be supported for type 1 relaying in Rel-10, so Un subframe configurations for TDD configuration 1,2, 3, 4 and 6 are considered in subsequent section.   

2.1 TDD configuration 1
· Backhaul subframe allocation
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Figure 1 Rel-8 HARQ timing for TDD configuration 1

The Rel-8 HARQ timing of TDD configuration 1 was shown in Figure 1. In the figure we can see that the available DL subframes for backhaul in one frame are subframes 4 and 9, because DL subframes 0, 1, 5, and 6 cannot be used for MBSFN subframes as mentioned before. If subframe 2 is used for UL backhaul, the ACK/NACK from RUE for the PDSCH transmission in Uu link of subframe 5 and 6 can not be received by the RN, thus the subframe 2 should not be used for backhaul. The same rationale can apply to subframe 7 as well. So the available UL subframes for backhaul in one frame are just subframe 3 and 8. Considering both the impact on access link and the flexibility of Un subframe configuration, the Un subframe configurations for TDD configuration 1 are proposed as shown in Table 1.

It should be noted that in the table below only one configuration is supported for each backhaul DL:UL ratio. For example, for the 1:1 Un DL:UL ratio, only DL and UL pair of DL subframe 4 and UL subframe 8 can be configured as Un subframe in Un DL:UL ratio = 1:1 case. Actually, subframe pair of DL subframe 9 and UL subframe 3 can also be used in the Un DL:UL ratio = 1:1 case, but our view is that either the pair of DL subframe 4 and UL subframe 8 and the pair of  DL subframe 9 and UL subframe 3 can be specified as the Un subframe configuration for the case of Un DL:UL ratio = 1:1, however, not both.
Table 1 backhaul subframe allocation for TDD configuration 1

	TDD UL-DL

Configuration
	Backhaul DL:UL

ratio
	Backhaul configuration
	Subframe n

	
	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	1
	
	
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	
	1:1
	0
	
	
	
	
	√
	
	
	
	√
	

	
	2:1
	1
	
	
	
	
	√
	
	
	
	√
	√

	
	2:2
	2
	
	
	
	√
	√
	
	
	
	√
	√


· Timing between R-PDSCH and R-UL ACK/NACK
According to the backhaul subframe allocation in Table 1, the timing between R-PDSCH and UL Ack/Nack is as shown in Table 2 below.
Table 2 Timing between R-PDSCH and ACK/NACK for TDD configuration 1
	TDD UL-DL

Configuration
	Backhaul DL:UL 

ratio
	Backhaul configuration
	Backhaul configuration 

Subframe n

	
	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	1
	
	
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	
	1:1
	0
	
	
	
	
	
	
	
	
	4
	

	
	2:1
	1
	
	
	
	
	
	
	
	
	4,9
	

	
	2:2
	2
	
	
	
	4
	
	
	
	
	4
	


· Timing between R-UL grant and R-PUSCH

According to the backhaul subframe allocation in Table 1, the timing between R-UL grant and R-PUSCH is as given in Table 3 below. In the table, in case of DL:UL ratio = 2:1 where there are 2 DL subframe and 1 UL subframe, the Un UL grant would be transmitted in the first available Un DL subframe which comes 4ms before the subframe containing R-PUSCH, i.e. subframe 4 for 1:1 backhaul DL:UL ratio and subframes 4 and 9 for 2:2 backhaul DL:UL ratio.
Table 3 Timing between R-UL grant and R-PUSCH for TDD configuration 1
	TDD UL-DL

Configuration
	Backhaul DL:UL

ratio
	Backhaul configuration
	Subframe n

	
	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	1
	
	
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	
	1:1
	0
	
	
	
	
	4
	
	
	
	
	

	
	2:1
	1
	
	
	
	
	4
	
	
	
	
	

	
	2:2
	2
	
	
	
	
	4
	
	
	
	
	4


2.2 TDD configuration 2
· Backhaul subframe allocation for TDD configuration 2
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Figure 2 Rel-8 HARQ timing for TDD configuration 2

The Rel-8 HARQ timing of TDD configuration 2 is shown in Figure 2. In the figure we can see that the available DL subframes for backhaul in one frame are subframes 3, 4, 8 and 9, because DL subframes 0, 1, 5, and 6 cannot be used for MBSFN subframes.  From the figure, we can see that there are only 2 UL subframes in Configuration 2. Since at least one UL subframe is needed for Uu link transmission, then only one UL subframe can be used for Un transmission. This UL subframe can be either subframe 2 or subframe 7. But considering the simplicity of specification and donor eNB scheduling implementation without limiting on the configuration flexibility as mentioned before, we propose only one of subframe 2 or subframe 7 is configurable as Un UL suframe. The possible DL/UL Uu suframe configurations are as given in Table 4 with the assumption that subframe 2 was chosen as the Un UL subframe. Compared with the proposal for TDD configuration 2 as given in [2], the DL: UL ratio = 4:1 is also supported. The support of 4:1 ratio relaxes unnecessary limitation on Un DL: UL ratio and which backhaul configuration to use is up to donor eNB.
· Table 4 backhaul subframe allocation for TDD configuration 2
	TDD UL-DL
Configuration
	Backhaul DL:UL

ratio
	Backhaul configuration
	Subframe n

	
	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	2
	
	
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	
	1:1
	0
	
	
	√
	
	
	
	
	
	√
	

	
	2:1
	1
	
	
	√
	
	√
	
	
	
	√
	

	
	3:1
	2
	
	
	√
	
	√
	
	
	
	√
	√

	
	4:1
	3
	
	
	√
	√
	√
	
	
	
	√
	√


· Timing between R-PDSCH and R-UL ACK/NACK
According to the backhaul subframe allocation in Table 4, the timing between R-PDSCH and UL Ack/Nack is as shown in the table below.

Table 5 Timing between R-PDSCH and ACK/NACK for TDD configuration 2
	TDD UL-DL
Configuration
	Backhaul DL：UL

ratio
	Backhaul configuration
	Subframe n

	
	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	2
	
	
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	
	1:1
	0
	
	
	4
	
	
	
	
	
	
	

	
	2:1
	1
	
	
	8，4
	
	
	
	
	
	
	

	
	3:1
	2
	
	
	9，8，4
	
	
	
	
	
	
	

	
	4:1
	3
	
	
	13，9，8，4
	
	
	
	
	
	
	


· Timing between R-UL grant and R-PUSCH
According to the backhaul subframe allocation in Table 4, the backhaul timing between R-UL grant and R-PUSCH is as given in Table 6 below. In the table, in case of DL:UL ratio ≥ 2:1, for which there are multiple DL subframe with only 1 UL subframe, then the Un UL grant would be transmitted in the first available Un DL subframe which comes 4ms before the subframe containing R-PUSCH, i.e. suframe 8 for all the DL to UL ratios.

Table 6 Timing between R-UL grant and R-PUSCH for TDD configuration 2
	TDD UL-DL
Configuration
	Backhaul DL：UL

ratio
	Backhaul configuration
	Subframe n

	
	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	2
	
	
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	
	1:1
	0
	
	
	
	
	
	
	
	
	4
	

	
	2:1
	1
	
	
	
	
	
	
	
	
	4
	

	
	3:1
	2
	
	
	
	
	
	
	
	
	4
	

	
	4:1
	3
	
	
	
	
	
	
	
	
	4
	


2.3 TDD configuration 3
· Backhaul subframe allocation for TDD configuration 3
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Figure 3 Rel-8 HARQ timing for TDD configuration 3
The Rel-8 HARQ timing of TDD configuration 3 is shown in Figure 3. In the figure we can see that the available DL Un subframes in one frame are subframes 7, 8 and 9, because DL subframes 0, 1, 5, and 6 cannot be used for MBSFN subframes as mentioned before.  If subframe 2 is used for UL backhaul, the UL ACK/NACK for the Uu PDSCH in subframe 1, 5 and 6 cannot be received by the RN in subframe 2. So the subframe 2 should not be used for UL backhaul. Considering both the impact on access link and the flexibility of Un subframe configuration, the Un subframe configurations for TDD configuration 3 are proposed as shown in Table 7. Compared with the solutions for configuration 3 as given in [2] and [3], more cases of backhaul DL:UL ratio are supported, e.g. 2:2 and 3:2, in which subframe 4 can also be configured as UL Un subframe The intention of supporting those DL:UL ratios and allowing the configuration subframe 4 as UL Un subframe is to avoid unnecessary limitation on Un DL:UL ratio. Although configuring subframe 4 as UL Un subframe would have some impact on the Uu link since DL subframe 0 is linked to subframe 4 according to Rel-8 timing, the compromise between Un link configuration flexibility and Uu link efficiency should be allowed considering the possible traffic load in Un link and Uu link. Whether those configurations are used or not is up to donor eNB considering the traffic load status in Un link and Uu link.
It should be noted that in the table below only one configuration is supported for each backhaul DL:UL ratio. This can simplify specification and donor eNB scheduling implementation without hurting the DL:UL ratio configuration flexibility.
· Table 7 backhaul subframe allocation for TDD configuration 3
	TDD UL-DL
Configuration
	Backhaul DL:UL

ratio
	Backhaul configuration
	Subframe n

	
	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	3
	
	
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	
	1:1
	0
	
	
	
	√
	
	
	
	
	√
	

	
	2:1
	1
	
	
	
	√
	
	
	
	√
	√
	

	
	3:1
	2
	
	
	
	√
	
	
	
	√
	√
	√

	
	2:2
	3
	
	
	
	√
	√
	
	
	
	√
	√

	
	3:2
	4
	
	
	
	√
	√
	
	
	√
	√
	√


· Timing between R-PDSCH and R-UL ACK/NACK
According to the backhaul subframe allocation in Table 7, the backhaul timing between R-PDSCH and Ack/Nack is as given in the table below.

Table 8 Timing between R-PDSCH and ACK/NACK for TDD configuration 3
	TDD UL-DL
Configuration
	Backhaul DL：UL

ratio
	Backhaul configuration
	Subframe n

	
	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	3
	
	
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	
	1:1
	0
	
	
	
	5
	
	
	
	
	
	

	
	2:1
	1
	
	
	
	6，5
	
	
	
	
	
	

	
	3:1
	2
	
	
	
	6，5，4
	
	
	
	
	
	

	
	2:2
	3
	
	
	
	5
	5
	
	
	
	
	

	
	3:2
	4
	
	
	
	6，5
	5
	
	
	
	
	


· Timing between R-UL grant and R-PUSCH
According to the backhaul subframe allocation in Table 7, the backhaul timing between R-UL grant and R-PUSCH is as given in the table below. In the table, in case of DL:UL ratios of 2:1 and 3:1, where there are more 2 DL subframe and only 1 UL subframe, the UL grant would be transmitted in the first available Un DL subframe which comes 4ms before the subframe containing R-PUSCH, i.e. subframe 8 and subframe 9 for 2:1 ratio and 3:1 ratio respectively. In case of DL:UL ratios of 2:2 and 3:2, the UL grant would be transmitted in 2 DL subframes and the Un UL grant of different DL subframes would be linked to different UL subframes, i.e. DL subframe 8 is linked to UL subframe 3 and DL subframe 9 is linked to UL subframe 4 for both ratios. The intention of such HARQ timing is to balance the load among different UL Un subframes.
Table 9 Timing between R-UL grant and R-PUSCH for TDD configuration 3
	TDD UL-DL
Configuration
	Backhaul DL：UL

ratio
	Backhaul configuration
	Subframe n

	
	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	3
	
	
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	
	1:1
	0
	
	
	
	
	
	
	
	
	5
	

	
	2:1
	1
	
	
	
	
	
	
	
	
	5
	

	
	3:1
	2
	
	
	
	
	
	
	
	
	
	4

	
	2:2
	3
	
	
	
	
	
	
	
	
	5
	5

	
	3:2
	4
	
	
	
	
	
	
	
	
	5
	5


2.4 TDD configuration 4
· Backhaul subframe allocation for TDD configuration 4
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Figure 4 Rel-8 HARQ timing for TDD configuration 4

The Rel-8 HARQ timing of TDD configuration 4 is shown in Figure 4. In the figure we can see that the available DL Un subframes in one frame are subframes 4, 7, 8 and 9, because DL subframes 0, 1, 5, and 6 cannot be used for MBSFN subframes as mentioned before.  From the figure, we can see that there are only 2 UL subframe in Configuration 2. Since at least one UL subframe is needed for Uu link transmission, then only one UL subframe can be configured as Un transmission. If subframe 2 is used for UL backhaul, the UL ACK/NACK for the Uu PDSCH in subframe 0, 1, and 5 will not be received by the RN in subframe 2, thus the subframe 2 should not be configured for UL backhaul and only subframe 3 should be used for UL backhaul transmission. The Un subframe configurations for TDD configuration 4 are as given in Table 10.
Again, in the table below only one configuration is supported for each backhaul DL:UL ratio. This can simplify specification and donor eNB scheduling implementation without hurting the DL:UL ratio configuration flexibility.
· Table 10 backhaul subframe allocation for TDD configuration 4
	TDD UL-DL

Configuration
	Backhaul DL:UL

ratio
	Backhaul configuration
	Subframe n

	
	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	4
	
	
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	
	1:1
	0
	
	
	
	√
	
	
	
	
	
	√

	
	2:1
	1
	
	
	
	√
	
	
	
	
	√
	√

	
	3:1
	2
	
	
	
	√
	
	
	
	√
	√
	√

	
	4:1
	3
	
	
	
	√
	√
	
	
	√
	√
	√


· Timing between R-PDSCH and R-UL ACK/NACK
According to the backhaul subframe allocation in Table 10, the backhaul timing between R-PDSCH and UL Ack/Nack is as given in the table below.

Table 11 Timing between R-PDSCH and ACK/NACK for TDD configuration 4
	TDD UL-DL

Configuration
	Backhaul DL:UL

ratio
	Backhaul configuration
	Backhaul configuration 

Subframe n

	
	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	4
	
	
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	
	1:1
	0
	
	
	
	4
	
	
	
	
	
	

	
	2:1
	1
	
	
	
	5,4
	
	
	
	
	
	

	
	3:1
	2
	
	
	
	6,5,4
	
	
	
	
	
	

	
	4:1
	3
	
	
	
	9,6,5,4
	
	
	
	
	
	


· Timing between R-UL grant and R-PUSCH
According to the backhaul subframe allocation in Table 10, the backhaul timing between R-UL grant and R-PUSCH is as given in the table below. In the table, in case of DL:UL ratio ≥ 2:1, where there are more 2 DL subframe and only 1 UL subframe, the Un UL grant would be transmitted in the first available Un DL subframe which comes 4ms before the subframe containing R-PUSCH, i.e. subframe 9.

Table 12 Timing between R-UL grant and R-PUSCH for TDD configuration 4
	TDD UL-DL

Configuration
	Backhaul DL:UL

ratio
	Backhaul configuration
	Subframe n

	
	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	4
	
	
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	
	1:1
	0
	
	
	
	
	
	
	
	
	
	4

	
	2:1
	1
	
	
	
	
	
	
	
	
	
	4

	
	3:1
	2
	
	
	
	
	
	
	
	
	
	4

	
	4:1
	3
	
	
	
	
	
	
	
	
	
	4


2.5 TDD configuration 6
· Backhaul subframe allocation for TDD configuration 6


[image: image5.emf]D S D D S U U

5 6 7 8 9 0 1

2 3 4

U D S D

5 6 7 8 9

U U U U

TDD configuration 6

Subframe Number

PDSCH -> ACK/NACK

UL grant -> PUSCH

D S U

0 1 2 3 4

U U


Figure 5 Rel-8 HARQ timing for TDD configuration 6

The Rel-8 HARQ timing of TDD configuration 6 is shown in Figure 5. In the figure we can see that only subframe 9 can be used as DL Un subframe, because DL subframes 0, 1, 5, and 6 cannot be used for MBSFN subframes as mentioned before. If subframe 2 is used for UL backhaul, the ACK/NACK for the Uu PDSCH in subframe 5 will not be received by the RN in subframe 2, so the subframe 2 should not be used for backhaul. The same rationale also applies to subframe 3,7 and 8. So the only available Un UL subframes in one frame is subframe 4.  The Un subframe configuration for TDD configuration 6 is as given in Table 13.
· Table 13 backhaul subframe allocation for TDD configuration 13
	TDD UL-DL

Configuration
	Backhaul DL:UL

ratio
	Backhaul configuration
	Subframe n

	
	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	6
	
	
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D

	
	1:1
	0
	
	
	
	
	√
	
	
	
	
	√


· Timing between R-PDSCH and R-UL ACK/NACK
According to the backhaul subframe allocation in Table 13, the timing between R-PDSCH and UL Ack/Nack is as given in the below table.

Table 14 Timing between R-PDSCH and ACK/NACK for TDD configuration 6
	TDD UL-DL

Configuration
	Backhaul DL:UL

ratio
	Backhaul configuration
	Backhaul configuration 

Subframe n

	
	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	6
	
	
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D

	
	1:1
	0
	
	
	
	
	5
	
	
	
	
	


· Timing between R-UL grant and R-PUSCH
According to the backhaul subframe allocation in Table 13, the timing between R-UL grant and R-PUSCH is as given in the below table.
Table 15 Timing between R-UL grant and R-PUSCH for TDD configuration 6
	TDD UL-DL

Configuration
	Backhaul DL:UL

ratio
	Backhaul configuration
	Subframe n

	
	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	6
	
	
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D

	
	1:1
	0
	
	
	
	
	
	
	
	
	
	5


3 Conclusion

In this contribution, we provide our considerations on the backhaul subframe allocation and HARQ timing design for TDD. Based on the provided considerations, we give our proposal for the backhaul subframe allocation and HARQ timing design for TDD. 
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