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1. Introduction

Un subframe allocation and HARQ timing for TDD were discussed in recent RAN1 meetings and in [1]. 
The rules for transmission timings for UL/DL configurations 1,2,4,6 are agreed as in [2].

· The “non-FFS” configurations of backhaul subframes listed in [3] are supported.

· The “FFS” configurations of backhaul subframes listed in [3] can be considered until RAN1#62bis.

· Reduction at RAN1#62bis of the set of supported backhaul subframe configurations in [3] is not precluded. 

As agreed in [2], the rules for transmission timings for UL/DL configurations include

· The Un PUSCH transmission in subframe n+k1 corresponds to the UL grant received in subframe n, where
· k1 follows the Rel-8 TDD timing between UL grant and PUSCH transmission

· Subframe n+k1 is an Un UL subframe

· Subframe n is an Un DL subframe

· The UL ACK/NAK for Un PDSCH received in subframe n is transmitted in subframe n+k2, where 

· k2 is the smallest integer equal or larger than 4

· Subframe n+k2 is an Un UL subframe

· Subframe n is an Un DL subframe
For UL/DL configurations 3, the Un subframe allocation and transmission timings are agreed as in [4] which satisfy the rules in [2] and that agreement of the configuration in [4] does not imply that any other configurations are also currently agreed for FS2 configuration #3, nor does it imply that any configuration that might be agreed in the future necessarily has to satisfy the rules in [2].

In light of flexibility of subframe allocation to allow more diverse relay deployment scenarios, we in this contribution discuss a few more DL:UL ratios for UL/DL configurations 2, 3 and 4 that are not included in [3] or [4].
2. Un subframe allocation and transmission timings
In TDD, subframe 0, 1, 5 or 6 cannot be configured as Un DL subframes, therefore, Un subframe allocation is significantly limited and even leads to certain inevitable impact on Uu DL transmission. Once subframe n is configured as an Un UL subframe, for inband relay system, RN will miss the ACK/NACK feedback from R-UEs (if exist ) on subframe n-k, and value of k follows Rel-8 HARQ timing rules. Even though the issue can be mitigated via ACK/NACK repetition, the loss of system capacity and QoS should be carefully weighed. On the other hand, if Un subframe allocation can not satisfy Rel-8 UL grant timing rules, the UL grant for M-UE and RN UL transmission in subframe n will be separately transmitted from donor eNB in DL subframe n-k and n-k’. Thus, scheduler complexity at eNB would be increased. Because an R-UE can receive UL grant from RN in Uu DL subframe, Un subframe allocation will not impact on Uu UL grant timing.
For UL/DL configuration 1 and 6, Rel-8 UL grant timing is similar to UL ACK/NACK timing, therefore there is less issue about Un subframe allocation and HARQ timing. In the following we focus on UL/DL configuration 2, 3 and 4. 
· UL/DL configuration 2
Besides Un subframe allocations for TDD UL/DL configuration 2 presented in [3], some configurations for DL:UL ratio>2:1 can also be considered which are listed in Table 1. Note that all those configurations satisfy the HARQ timings in [2].

Table 1: Possible configurations for TDD DL/UL configuration 2 Un DL:UL ratio 3:1 and 4:1
	Un DL:UL ratio
	Possible configurations
	Impacted Uu DL subframe ratio

	
	DL
	UL
	

	3:1
	4,8,9
	2
	40%

	
	3,4,8
	2
	40%

	
	3,8,9
	2
	60%

	
	3,4,9
	7
	40%

	
	3,8,9
	7
	40%

	
	3,4,8
	7
	60%

	4:1
	3,4,8,9
	2
	50%

	
	3,4,8,9
	7
	50%


In configuration {3, 4, 8; 2}, subframe 3, 4, 8 are configured as Un DL subframes and subframe 2 is configured as Un UL subframe. RN receives UL grant in subframe 8 and transmits the corresponding PUSCH in next recent subframe 2, similar to Rel-8 timing. Consequently donor eNB can schedule M-UE and RN synchronously for UL transmission in subframe 2. On the other hand, because UL ACK/NACK feedback should be transmitted in subframe 2 for PDSCH transmissions in subframe 4, 5, 6 and 8 according to Rel-8 timing rules, RN will miss the feedback for (R-)PDSCH in subframe 5 and 6. In this case, R-UE could get at most DL subframes, which means 40% of them will be impacted. The special subframe could be approximately regarded as a DL subframe here. 
For possible configuration {3, 8, 9; 2}, UL grant timing in Un can also follow the Rel-8 TDD timing between UL grant and PUSCH transmission, however, since subframe 2 is allocated as an Un UL subframe, ACK/NACK feedback from R-UE for related PDSCHs in DL subframe 4, 5 and 6 would be lost. That means 60% of total DL subframes of R-UE are directly impacted, even if ACK/NACK repetition works, the Uu performance degradation would be significant. 
As discussed above, we think that the impact on Uu DL transmission should be kept small as we define Un subframe allocation and HARQ timing for each DL:UL ratio. Based on this, we prune some entries in Table 1 and the results are shown in Table 2 and Table 3.
Table 2: Backhaul subframe configurations for TDD DL/UL configuration 2
	Un subframe

configuration
	Un DL:UL ratio
	Possible configurations

	
	
	DL
	UL

	0
	1:1
	8
	2

	1
	
	3
	7

	2
	2:1
	4,8
	2

	3
	
	3,9
	7

	4
	3:1
	4,8,9
	2

	5
	
	3,4,8
	2

	6
	
	3,4,9
	7

	7
	
	3,8,9
	7

	8
	4:1
	3,4,8,9
	2

	9
	
	3,4,8,9
	7


Table 3: Downlink association set index k for TDD DL/UL configuration 2
	Un subframe

configuration
	subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	
	
	4
	
	
	
	
	
	-
	

	1
	
	
	
	-
	
	
	
	4
	
	

	2
	
	
	4,8
	
	-
	
	
	
	-
	

	3
	
	
	
	-
	
	
	
	4,8
	
	-

	4
	
	
	4,8,13
	
	-
	
	
	-
	
	-

	5
	
	
	4,8,9
	-
	-
	
	
	
	-
	

	6
	
	
	
	-
	-
	
	
	4,8,13
	
	-

	7
	
	
	
	-
	
	
	
	4,8,9
	-
	-

	8
	
	
	4,8,9,13
	-
	-
	
	
	
	-
	-

	9
	
	
	
	-
	-
	
	
	4,8,9,13
	-
	-


RN receives (R-)PDSCH in subframe n-k and transmits related ACK/NACK in subframe n. 
· UL/DL configuration 3
For TDD UL/DL configuration 3, there are some obvious conflicts between UL grant timing and UL ACK/NACK timing [5], thus Un subframe allocation and HARQ timing are limited. Uu DL transmission would be impact and Un UL grant timing might be changed.
For possible configuration {9; 3}, eNB can separately transmit UL grant to M-UE and RN in subframe 9 for related (R-)PUSCH in subframe 3, but on the other hand, RN will miss the ACK/NACK from R-UE for DL transmission in subframe 7 and 8.
For possible configuration {7, 8, 9; 3, 4}, Uu DL transmission in subframe 0 will be impacted (25%), and furthermore, Un UL grant timing should be changed as UL grant transmitted in subframe 8 is associated with (R-)PUSCH in subframe 3, and UL grant transmitted in subframe 9 is related to (R-)PUSCH in subframe 4. For M-UE, at most 2 PUSCH can be scheduled within total 3 UL subframes, i.e, 67% of usage, and for RN, the scheduling for all the 2 Un UL subframes will be carried earlier than for M-UE. 
Therefore, we propose that Un subframe allocation for TDD UL/DL configuration 3 should be further considered for tradeoff between Uu DL transmission and eNB scheduling. Also proposed includes the Un subframe configurations and timing as in Table 4 and Table 5.
Table 4: Backhaul subframe configurations for TDD DL/UL configuration 3
	Un subframe

configuration
	Un DL:UL ratio
	Possible configurations
	Impacted Uu DL subframe ratio
	Impacted scheduled DL subframe ratio for M-UE/RN

	
	
	DL
	UL
	
	

	0
	1:1
	9
	3
	33%
	0%
	0%

	1
	
	8
	3
	17%
	33%
	100%

	2
	2:1
	7, 9
	3
	20%
	0%
	0%

	3
	
	7,8
	3
	0%
	33%
	100%

	4
	3:1
	7, 8, 9
	3
	0%
	0%
	0%

	5
	2:2
	8,9
	2,3
	80%
	0%
	0%

	6
	
	8,9
	3,4
	40%
	67%
	100%

	7
	3:2
	7, 8, 9
	2,3
	75%
	0%
	0%

	8
	
	7, 8, 9
	3,4
	25%
	67%
	100%


Table 5: Un HARQ timing for TDD DL/UL configuration 3
	Un subframe

configuration
	k1, k1
	subframe n

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	k1
	
	
	
	-
	
	
	
	
	
	4

	
	k2
	
	
	
	4
	
	
	
	
	
	-

	1
	k1
	
	
	
	-
	
	
	
	
	5
	

	
	k2
	
	
	
	5
	
	
	
	
	-
	

	2
	k1
	
	
	
	-
	
	
	
	
	
	4

	
	k2
	
	
	
	4,6
	
	
	
	-
	
	-

	3
	k1
	
	
	
	-
	
	
	
	
	5
	

	
	k2
	
	
	
	5,6
	
	
	
	-
	-
	

	4
	k1
	
	
	
	-
	
	
	
	
	
	4

	
	k2
	
	
	
	4,5,6
	
	
	
	-
	-
	-

	5
	k1
	
	
	-
	-
	
	
	
	
	4
	4

	
	k2
	
	
	4
	4
	
	
	
	
	-
	-

	6
	k1
	
	
	
	-
	-
	
	
	
	5
	5

	
	k2
	
	
	
	5
	5
	
	
	
	-
	-

	7
	k1
	
	
	-
	-
	
	
	
	
	4
	4

	
	k2
	
	
	5
	4,5
	
	
	
	-
	-
	-

	8
	k1
	
	
	
	-
	-
	
	
	
	5
	5

	
	k2
	
	
	
	5,6
	5
	
	
	-
	-
	-


k1- RN receives UL grant in subframe n and transmits related (R-)PUSCH in subframe n+k1. 
k2- RN receives (R-)PDSCH in subframe n-k2 and transmits related ACK/NACK in subframe n. 

· UL/DL configuration 4
Similar to TDD UL/DL configuration 3, the UL grant for UL/DL configuration for PUSCH in subframe 2 should be transmitted in subframe 8, but the ACK/NACK feedback for PDSCH in subframe 8 should be transmitted in subframe 3. Therefore, certain UL ACK/NACK from R-UE will be missed by RN when Un DL grant follows the Rel-8 timing rules. 
For possible configuration {7, 8, 9; 3}, in subframe 9, donor eNB can synchronously transmit UL grant separately to RN and M-UE for UL subframe 3. RN receives DL transmission from donor eNB and transmits UL grant to R-UE in Un subframe 8, thus there is no impact on Uu UL transmission. 

For possible configuration {4, 7, 8; 2}, in subframe 8, donor eNB can synchronously transmit UL grant separately to RN and M-UE for UL subframe 2, that scheduler could work more efficiently. However, subframe 2 is configured as an UL Un subframe, and the UL ACK/NACK feedback for Uu PDSCH in subframe 0, 1 and 5 will be missed by RN, so that up to 60% of DL transmission for R-UE will be impacted

.

Based on the above analysis, we propose Un subframe allocation and HARQ timing as presented in Table 6 and Table 7.
Table 6: Backhaul subframe configurations for TDD DL/UL configuration 4
	Un subframe

configuration
	Un DL:UL ratio
	Possible configurations
	Impacted Uu DL subframe ratio
	Impacted scheduled DL subframe ratio for M-UE/RN

	
	
	DL
	UL
	
	

	0
	1:1
	9
	3
	43%
	0%
	0%

	1
	2:1
	7, 9
	3
	33%
	0%
	0%

	2
	3:1
	7,8,9
	3
	20%
	0%
	0%

	3
	4:1
	4,7,8,9
	3
	25%
	0%
	0%


Table 7: Downlink association set index k for TDD DL/UL configuration 4
	Un subframe

configuration
	subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	
	
	
	4
	
	
	
	
	
	-

	1
	
	
	
	4,6
	
	
	
	-
	
	-

	2
	
	
	
	4,5,6
	
	
	
	-
	-
	-

	3
	
	
	
	4,5,6,9
	-
	
	
	-
	-
	-


RN receives (R-)PDSCH in subframe n-k and transmits related ACK/NACK in subframe n. 

It is noted that, for certain Un subframe configurations, the ratio of DL:UL is very high (e.g. configurations{3, 4, 8, 9; 2} for UL/DL configuration 2, and configurations{4, 7, 8, 9; 3} for UL/DL configuration 4). 
3. Conclusions
In this contribution, Un subframe allocation and HARQ timing were discussed, and for enhanced system capacity and scheduling efficiency, we proposed that,
· For TDD UL/DL configuration 2 and 4, Un UL grant timing should follow the Rel-8 timing rules, and the impact on Uu DL transmission should be avoided as possible.
· For TDD UL/DL configuration 3, it should be considered for tradeoff between Uu DL transmission benefit and eNB scheduling efficiency, and further discussion could base on the Un subframe configurations and timing as presented in Table 4 and Table 5.
Reference

[1] Draft Report of 3GPP TSG RAN WG1 #62 v0.1.0, Xi’an, China, 11 – 15 October, 2010
[2] 3GPP, R1-105061, “Way forward on TDD Un HARQ Timing in Rel-10”, CATT, CATR, CMCC, Nokia, Nokia Siemens Networks, Potevio, LG Electronics, ITRI, Ericsson, ST-Ericsson, Huawei, RAN1#62, Madrid, Spain, Aug 23 – 27, 2010
[3] 3GPP, R1-105063, “Way forward on Un subframe allocation TDD”, Samsung, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell, CMCC, RAN1#62, Madrid, Spain, Aug 23 – 27, 2010
[4] 3GPP, R1-105009, “WF on Un subframe allocation and HARQ timing for TDD UL-DL configuration 3”, Samsung, Alcatel Lucent, Alcatel Lucent Shanghai Bell, ZTE, RAN1#62, Madrid, Spain, Aug 23 – 27, 2010
[5] 3GPP, R1-104625, “Backhaul subframe allocation and HARQ timing for TDD”, Samsung, RAN1#62, Madrid, Spain, Aug 23 – 27, 2010
PAGE  
1

