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1
Introduction
In RAN1#60, it was agreed that for TDD, both asymmetric and symmetric DL/UL Un subframe allocations are supported. Explicit configuration on the set of Un UL subframes is supported, while implicit configuration on the set of Un UL subframes is FFS. In this contribution, we discuss H-ARQ timing related issues for TDD relays.
2
Discussion

In Rel-8, H-ARQ timing for FDD follows a simple 4ms rule. That is, the following is always enforced:
· DL: a 4ms between PDSCH and ACK/NAK
· UL: a 4ms between PDCCH/PHICH and PUSCH, and another 4ms between PUSCH and PDCCH/PHICH
However, for TDD, the H-ARQ timing is not that simple, although the minimum 4ms rule is always observed. Extra care has been taken in Rel-8 H-ARQ timing design to minimize H-ARQ delay and to distribute load (e.g., ACK/NAK load) evenly to DL/UL subframes. 

For half-duplex relay, it was agreed in RAN1#61bis that only implicit UL backhaul subframe configuration is supported for FDD systems in Rel-10. There is an implicit 4ms based bundling between DL and UL backhaul subframes. Such implicit configuration is simple. More importantly, the 4ms bundling is aligned with the Rel-8 H-ARQ timing, such that:

· Minimum impact on access link, especially for legacy UEs
· For each PDSCH transmission on the access link, a UL subframe for ACK/NAK feedback is always available 4ms later
· For each scheduled PUSCH transmission, a UL subframe is always available 4ms after PDCCH

· Re-transmissions can be handled either by PHICH (in either regular or MBSFN subframes) or PDCCH, where the former can be used to suspend PUSCH transmission, if necessary.
· Controlled impact on the backhaul H-ARQ design
It is worth emphasizing that the design of H-ARQ timing for half-duplex relay should be such that the impact on the access link is minimized, for the benefits of:

· Maximizing backward compatibility for legacy support over the access link

· Aligning with the main goal of Rel-10 relay WI for coverage extension

In light of the above, the following rules should be observed for TDD H-ARQ timing and backhaul subframe configuration:

· 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

In the follow, we consider TDD configuration #3 as an example, as this configuration seems to be quite controversial, e.g., see [1] and references therein. The H-ARQ timing for TDD configuration #3 is illustrated below:
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Figure 1 Illustration of Rel-8 H-ARQ timing for TDD Configuration #3

From DL H-ARQ timing perspective, we have the following combinations:

· {1, 5, 6} + {2},  {7, 8} + {3}, and {9, 0} + {4}

From UL H-ARQ timing perspective (w.r.t. PDCCH (( PUSCH), we have the following combinations:

· {8} + {2}, {9} + {3}, and {0} + {4}

Note that since the RN has to utilize MBSFN subframes for DL backhaul, subframes {0, 1, 5, 6} have to belong the access link. Thus, in order to have at least one backward compatible DL H-ARQ process, we need at least the following subframes for the access link:

· {1, 5, 6} + {2} + {0}, or, {0} + {4} + {1, 5, 6}

In order to have at least one backward compatible UL H-ARQ process (w.r.t. PDCCH (( PUSCH), we need at least the following subframes for the access link:

· {0} + {4} + {1, 5, 6}

Therefore, combining the above two considerations, the minimum set of subframes for the access link should preferably be (hence the maximum set of subframes for the backhaul link):

· Minimum set for access link: Smin, AL = {0, 1, 4, 5, 6} , which results in a 4 (DL) : 1 (UL) ratio

· Correspondingly, Maximum set for backhaul link: Smax, BH = {2, 3, 7, 8, 9}, which results in a 3 (DL) : 2 (UL) ratio

Now, in order to support other backhaul subframe configurations, some DL or UL subframe(s) need to be removed from the max set Smax, BH. Since the removal should try to avoid UL heavy or extreme DL/UL ratio configurations, we have:
· Removal of one DL from Smax, BH is not preferred (which creates a 5:1 ratio in the access link)

To remove one UL subframe from Smax, BH, we note that:
· {2} is linked to {1, 5, 6} in Smin, AL
· {3} is not linked to any DL subframes in Smin, AL
Therefore, it is preferable to remove {2} from Smax, BH. Thus, the preferable 3:1 configuration in the backhaul would be:

·  BH (3:1): S3:1, BH = {3, 7, 8, 9}, which is complemented by AL (4:2): S4:2, AL ={0, 1, 2, 4, 5, 6}

To remove one DL from S3:1, BH, among the three downlink subframes 7, 8 and 9, we note that:
· {7} is not linked to any subframe in S4:2, AL
· {8} is linked to {2} in S4:2, AL from UL timing perspective 
· {9} is linked to {4} in S4:2, AL from DL timing perspective 

Therefore, {7} should not be removed from S3:1, BH. Between {8} and {9}, we note that:

· {9} is linked to {3} in S3:1, BH from UL timing perspective  ( backward compatible UL H-ARQ in the backhaul

Also, since there is one backward compatible DL H-ARQ process in the backhaul {7} + {3}, another combination of {8} + {3} for backward compatible DL H-ARQ in the backhaul is not that important. Therefore, it is preferable to remove {8} from S3:1, BH. Thus, the preferable 2:1 configuration in the backhaul would be:

·  BH (2:1): S2:1, BH = {3, 7, 9}, which is complemented by AL (5:2): S5:2, AL ={0, 1, 2, 4, 5, 6, 8}

The next is to remove yet another DL subframe from S2:1, BH. Note that:

· {7} is not linked to any subframe in S5:2, AL
· {9} is linked to {4} in S5:2, AL from DL timing perspective
Therefore, it is preferable to remove {9} from S2:1, BH, which results in:

· BH (1:1): S1:1, BH = {3, 7}, which is complemented by AL (6:2): S6:2, AL ={0, 1, 2, 4, 5, 6, 8, 9}.
To sum up, the resulting backhaul subframe configuration for TDD configuration #3 should be:

Table 1 Allowed Backhaul Subframe Configurations for TDD Configuration #3

	TDD UL-DL

Configuration
	Un DL:UL

ratio
	Un subframe configuration index
	Subframe n

	
	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	
	
	
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	3
	1:1
	0
	
	
	
	√
	
	
	
	√
	
	

	
	2:1
	1
	
	
	
	√
	
	
	
	√
	
	√

	
	3:1
	2
	
	
	
	√
	
	
	
	√
	√
	√

	
	3:2
	3
	
	
	√
	√
	
	
	
	√
	√
	√


Given the involved process in determining the backhaul subframes, it is reasonable not to support implicit UL backhaul subframe configuration for TDD.
3
Conclusions
In this contribution, we discussed H-ARQ timing related issues for TDD relays. We proposed that the design should obey the following rules:
· 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 DL/UL H-ARQ timing
· 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 can be excluded

· Disallow UL heavy combination on any link
With the above rules, TDD configuration #3 was taken as an example, which results in the following possible backhaul configurations:
	TDD UL-DL

Configuration
	Un DL:UL

ratio
	Un subframe configuration index
	Subframe n

	
	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	
	
	
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	3
	1:1
	0
	
	
	
	√
	
	
	
	√
	
	

	
	2:1
	1
	
	
	
	√
	
	
	
	√
	
	√

	
	3:1
	2
	
	
	
	√
	
	
	
	√
	√
	√

	
	3:2
	3
	
	
	√
	√
	
	
	
	√
	√
	√


In addition, we propose not to support implicit UL backhaul subframe configuration for TDD.
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