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1
Introduction
In RAN1#62, several sets of explicit configurations on Un subframe allocation for TDD relays were agreed, with the possibility of adding and/or removing some configurations for further study. In this contribution, we discuss some remaining details on Un subframe allocation for TDD relays.
2
Discussion

In RAN1#62, the rules for transmission timings for UL/DL configurations 1,2,4,6 were agreed as follows:
· 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 

The “non-FFS” configurations of backhaul subframes listed in [1] and the configuration in [2] are supported. The “FFS” configurations of backhaul subframes listed in [1] can be considered until RAN1#62bis, while reduction at RAN1#62bis of the set of supported backhaul subframe configurations in [1] is not precluded. 

In [3], a few set of rules were proposed in designing the relay backhaul subframes for TDD:
· There is at least one backward compatible DL H-ARQ process and one backward compatible UL H-ARQ process (w.r.t. to the timing between PDCCH and PUSCH) in the access link

· For each removal (or addition) of DL/UL subframe from the backhaul, priority should be given to the one producing max benefits (or minimum impact) in the access link, and to a less extent, minimum impact (or max benefits) in the backhaul link, in terms of Rel-8 DL/UL H-ARQ timing

· The DL subframe removed from the backhaul should be most compatible with UL subframe(s) in the access link, where the compatibility is defined in terms of Rel-8 H-ARQ timing between DL PDCCH and UL PUSCH

· The UL subframe removed from the backhaul should be most compatible with DL subframe(s) in the access link, where the compatibility is defined in terms of Rel-8 H-ARQ timing between DL PDSCH and UL ACK/NAK 

· Not all possible configurations are supported. Restricting configuration can consider the following:

· Disallow extreme imbalance on any link, e.g., a DL:UL ratio > 4 on a link may be excluded

· Disallow UL heavy configuration on any link

Based on the above, we propose the following updates to Un subframe allocation for TDD relays.
TDD Configuration #1
The following configurations are supported from RAN1#62. 
[image: image1.emf]Un DL:UL ratio Possible configurations
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1:1

4 8

9 3

2:1

4,9 8

4,9 3

2:2 4,9 8,3


It is noted that for 1:1 and 2:1 ratio, there are two possible configurations. The two configurations under each Un DL:UL ratio have the same impact/benefits on H-ARQ timing. While the two configurations provide additional flexiblity, it also imposes addtional implementation/test complexity. As a result, we propose:
· Config #1: To reduce the number of Un subframe configurations of 1:1 and 2:1 ratios, e.g., eliminating {9, 3} and {4, 9, 3}.
TDD Configuration #2

The following configurations are supported from RAN1#62. 
[image: image2.emf]Un DL:UL ratio

Possible configurations

DL UL

1:1

8 2

3 7

2:1

4,8 2

3,9 7


It is noted that for 1:1 and 2:1 ratio, there are two possible configurations. In addition, it is worthwhile to further add a 3:1 ratio, as the original TDD configuration corresponds to a 4:1 ratio. The configuration of {4, 8, 9} + {2} is preferrable. It is a direct extension from the 2:1 ratio {4, 8}+{2} by adding subframe 9 to the backhaul (while keeping subframe 3 to the access link). Subframe 3 is preferably in the access link due to the fact that the combination of subframe {3} and{7} can provide backward compatible UL H-ARQ operation. 
· Config #2: 
· To reduce the number of Un subframe configurations of 1:1 and 2:1 ratios, e.g., eliminating {3, 7} and {3, 7, 9}

· To further add Un configuration of 3:1 ratio {4, 8, 9} + {2}. 

TDD Configuration #3
This is the most controversial case. Only one configuration was supported in RAN1#62, as below:
[image: image3.emf]Un DL:UL ratio

Un subframe configurations

DL subframe # UL subframe #

3:1 7,8,9 3


It was observed that the 2:1 ratio {3, 7, 9} received reasonable amount of support. Other additional ratios are not supported. As a result,
· Config #3: To further add Un subframe configuration of 2:1 ratio {7, 9} + {3}. 

TDD Configuration #4

The following configurations are supported from RAN1#62. 
[image: image4.emf]Un DL:UL ratio Possible configurations

DL UL

1:1 9 3

2:1 FFS FFS

3:1 FFS FFS


For the 2:1 ratio, the combination of {7, 9} + {3} is preferable. This is because comparing downlink subframes {4}, {7} and {8}, {7} is the one providing minimal benefits of backward compatiable H-ARQ timing in the access link. Specifically, 

· {7} is not linked to any subframe from H-ARQ timing perspective (note that subframe {3} is in the backhaul)

· {4} is linked to {2} from DL timing perspective

· {8} is linked to {3} from DL timing perspective and {2} from uplink perspective. 

For the 3:1 ratio, the combination of {3, 4, 9, 7} is preferable, as {8} has more H-ARQ timing linkage in the access link. Therefore, 
· Config #4: To further add Un subframe configurations of 2:1 ratio {7, 9} + {3}, and 3:1 ratio {4, 7, 9} + {3}. 

TDD Configuration #6

The following configuration is supported from RAN1#62. 
[image: image5.emf]Un DL:UL ratio Possible configurations

DL UL

1:1 9 4


The above set should be sufficient considering the limitation of the number of downlink subframes in this configuration.
3
Conclusions
In this contribution, we provided some remaing details in Un subframe allocations for TDD relays. In particular, we proposed:
· Config #1: To reduce the number of Un subframe configurations of 1:1 and 2:1 ratios, e.g., eliminating {9, 3} and {4, 9, 3}.

· Config #2: 

· To reduce the number of Un subframe configurations of 1:1 and 2:1 ratios, e.g., eliminating {3, 7} and {3, 7, 9}

· To further add Un configuration of 3:1 ratio {4, 8, 9} + {2}. 

· Config #3: To further add Un subframe configuration of 2:1 ratio {7, 9} + {3}. 

· Config #4: To further add Un subframe configurations of 2:1 ratio {7, 9} + {3}, and 3:1 ratio {4, 7, 9} + {3}. 
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