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1. Background
There was limited discussion on HARQ timeline offline. However the proposals are diverged into at least two categories. Here we listed two major approaches;

- ACK/NACK timing is n+4, Grant timing is n+4, with suspending/delaying of collision subframe, e.g. 8ms HARQ RTT
- ACK/NACK timing is n+k1 (k1: variable, e.g. 4, 5, and 6) and Grant timing is n+k2 (k2: variable, larger than 4), e.g. 10ms HARQ RTT
Therefore we summarize again the pros and cons of each approach (in line with current working assumption) which have already described in detail in our contribution [1].
2. Proposed HARQ operation in backhaul link

The key feature of the first approach based retransmission timing to avoid the uplink access data blocking occasions by using 8ms periodicity resource allocation pattern which is the same as in LTE Rel-8. However it still causes unavoidable collisions with non-MBSFN-configurable-subframes (#0, #4, #5 and #9 in FDD) periodically. That is, it has twice of such the collision in 40ms and then it causes unavailable uplink subframe due to the association with the colliding downlink subframe. In order to avoid such a collision, a simple trick to delay the retransmission timing by another 8ms (i.e. 16ms retransmission timing) can be applied, but resultant irregular subframe allocation pattern (8ms or 16ms) leads to longer HARQ RTT from time to time as well as resource waste and/or retransmission blocking in uplink. 
Meanwhile, the basic idea of the second approach based retransmission timing is to design collision-free subframe allocation method considering the non-MBSFN configurable subframe. In addition to such a merit, by applying additional ACK/NACK RTTs such as 5ms, 6ms as well as 4ms (Note that different ACK/NACK RTT is not a new feature, but was already specified in LTE TDD specification), it enables a half of the access link UL HARQ processes (50%) to be remained unaffected until the number of backhaul subframes increases up to 50% (20 out of 40 subframes). In the end, this method enables not only to clearly get rid of the possibility of collision with non-MBSFN configurable subframe, but also to mitigate uplink access retransmission blocking.
Either one is not superior to the other one in terms of backhaul resource utilization. When required backhaul resource is small, the first approach based method is more appropriate while when required backhaul resource is large, the second approach based method is more suitable. According to our analysis to take all into account, both methods are required to maximize backhaul resource efficiency and also we’re thinking they can be coexist in one system, so called, a composite solution, by not specifying the exact retransmission timing (in case of no R-PHICH) or by introducing two more ACK/NACK RTTs. Finally, the composite solution which gives full scheduling flexibility to eNB scheduler can be characterized by advantages of both schemes. 
Proposal#1:

· Flexible HARQ timelines in Un DL and UL.
· Variable ACK/NACK timing is supported in Un DL.
· DL transmission received at subframe n is acknowledged at subframe n+k.
· k is a variable which is larger than or equal to 4.

· Variable grant timing is supported in Un UL.
· UL grant received at subframe n applies to UL transmission at subframe n+k.
· k is a variable which is larger than or equal to 4.

3. Support of asymmetric resource allocation due to different spectral efficiency
In RAN1#60, there were discussions about the necessity of asymmetric Un subframe allocation which implies that the number of DL Un subframes is different from that of UL Un subframes. The necessity of asymmetric Un subframe allocation comes from the fact that the “relative” spectral efficiency (i.e., the ratio of Uu link efficiency to Un link efficiency) is not the same in UL and DL, especially for different relay UEs.

We give an example of necessity of asymmetric subframe allocation. Suppose a case where one DL heavy UE (UE1) is associated to a RN and the spectral efficiency of DL backhaul link is the same as that of the DL access link for UE1. For simplicity, we assume that there is no UL traffic for UE1. For this UE, 50:50 allocation between Un and Uu links is optimal as all the DL subframes can be fully utilized. Now let’s assume that one UL heavy UE (UE2) is associated with the RN and the spectral efficiency of UL backhaul link is NOT the same as that of the UL access link for UE2. Then, the optimal Un/Uu allocation becomes different from that of DL. If UE2 is closer to the RN and the Uu link efficiency is higher than that of Un link, then a different Un/Uu allocation ratio (e.g., 60 % for Un and 40 % for Uu) is the optimal operation point for UL. In this example, downlink optimal ratio is 50:50 but uplink optimal ratio is 60:40, and one following question is how we can handle this asymmetry. If we use a one-to-one implicit mapping rule, then the flexibility is not allowed to address this asymmetry as the number of backhaul subframes is always the same in DL and UL. As a result, the user experience of either UE1 or UE2 has to be degraded unnecessarily in an implicit Un UL allocation.
The necessity of asymmetric resource allocation can be explained even in a single UE perspective. One UE may have different optimal ratio (backhaul/access) for both UL and DL due to the difference between DL and UL spectral efficiencies caused by e.g., different transmission power or different interference level in DL and UL. For example, optimal ratio of DL backhaul to DL access link is 0.3 (30:70) while optimal ratio of UL backhaul to UL access is 0.6 (60:40). Then, the above-mentioned issue is raised again even in single UE case about how eNB can determine the optimal backhaul subframe allocation ratio for DL and UL when the optimal points are different from each other. 

Based on the above discussion, we believe that it should be possible to map multiple DL grants to one ACK/NACK transmission opportunity to support asymmetric resource allocation efficiently. And this mapping relation requires a variable ACK/NACK transmission timing. We note that this feature is already captured in TDD system and is under discussion in the carrier aggregation agenda in order to support the asymmetric carrier aggregation case.
Proposal#2:

· Support of variable ACK/NACK timing to support different spectral efficiency of backhaul and access link

4. Proposals

The following way forward is suggested as a baseline.
· Flexible HARQ timelines in Un DL and UL.
· Variable ACK/NACK timing is supported in Un DL.
· DL transmission received at subframe n is acknowledged at subframe n+k.
· k is a variable which is larger than or equal to 4.

· Necessarily required for asymmetric subframe allocation (e.g. downlink traffic is heavy)

· UL ACK/NACKs (associated with multiple Un DL subframes) can be transmitted by one UL subframe

· Variable grant timing is supported in Un UL.
· UL grant received at subframe n applies to UL transmission at subframe n+k.
· k is a variable which is larger than or equal to 4.

· In paired UL/DL subframe allocation, a fixed grant timing may be supported in scheduling optimization perspective
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APPENDIX:
A. Explanation of two backhaul subframe allocation alternatives
A.1. Method #1: based on 8ms &16ms interval resource assignment

The key idea of this method is to avoid the uplink data blocking occasions by using 8ms periodicity resource allocation pattern which is the same as in LTE Rel-8.  The backhaul resource pattern#1 and access resource allocation patterns are well-interlaced in TDM manner with 8ms periodicity. However it still causes unavoidable collisions with non-MBSFN configurable subframes periodically. That is, the pattern#1 has twice of such the collision in 40ms (subframe #9 in the 1st radio frame and #5 in the 3rd radio frame). It causes unavailable uplink subframe (#3 in the 2nd radio frame and #9 in the 3rd radio frame, dotted rectangular blocks) in pair of the corresponding downlink subframe. Consequently, such irregular subframe allocation pattern (8ms&16ms) leads to resource waste and/or retransmission blocking in uplink as well as longer HARQ RTT from time to time. 

Figure 1 shows a subframe allocation pattern #1 (yellow) for Un and Uu link, i.e. 3 subframes for Un, 35 subframes for Uu, 2 subframes under blocking in 40ms.  Figure 2 shows the proposed pattern #2 on top of pattern #1. Figure 3 shows the proposed pattern #1, #2, #3, #4 and #5. Note that the hatched subframes in Figures are regarded as unavailable subframe in normal situation. 

Due to R-PHICH ACK loss in the hatched subframes, R-PUSCH retransmission will be blocked or R-PUSCH new transmission will not be able to be granted.
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Figure 1: Subframe allocation pattern #1 (yellow) for Un and Uu link, i.e. 3 subframes  for Un, 35 subframes for Uu, 2 unavailable subframes) 
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Figure 2: Subframe allocation pattern #1 (yellow) and #2 (red) for Un and Uu link 
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Figure 3: Subframe allocation pattern #1 (yellow), #2 (red), #3 (green), #4 (blue) and #5 (pink) for Un and Uu link 
The analysis of the number of available subframes and blocking subframes according to the variation of allocated patterns is summarized in Table 1. For example, when five patterns (#1~#5) are allocated, 15 subframes can be used for backhaul link and 10 subframes can’t be used due to retransmission blocking. The remaining 15 subframes with pattern#6, #7 and #8 can be used for access link.
Table 1: The number of available subframes and blocking subframes according to the applied patterns
	Patterns
	No. of backhaul subframes
	Uu UL subframes without Un synch ReTX blocking
	Uu UL subframes with Un synch ReTX blocking
	Uu UL subframes with UL A/N blocking

	#1 

(Figure 1)
	3
	35 (7 unaffected HARQ processes: #2~#8)
	2
	0

	#1, #2 

(Figure 2)
	6
	30 (6 unaffected HARQ processes: #3~#8)
	4
	0

	#1, #2, #3
	9
	25 (5 unaffected HARQ processes: #4~#8)
	6
	0

	#1, #2, #3, #4
	12
	20 (4 unaffected HARQ processes: #5~#8)
	8
	0

	#1, #2, #3, #4, #5 

(Figure 3)
	15
	15 (3 unaffected HARQ processes: #6~#8)
	10
	0

	#1, #2, #3, #4, #5, #6
	18
	10 (2 unaffected HARQ processes: #7 and #8)
	12
	0


Summary of method#1:

· 8ms &16ms periodicity with DL/UL subframe retransmission.

· Suspending operation occurs where subframe corresponds to non-MBSFN-configurable subframes 

Pros:

· ACK/NACK timing is “n+4” (fixed value)
· No Uu UL ACK/NACK blocking thanks to n+4 ACK/NACK timing
· Uu UL HARQ processes becomes more unaffected if the number of backhaul subframes is small. 

Cons:

· Irregular/different timing relation within a single pattern (i.e. 8ms or 16 ms ReTX timing even for two consecutive backhaul subframes). Probability of out-of-sequence delivery will be increased even though both packets are transmitted in consecutive subframes. 

· Un ReTX is delayed (suspended) where the subframe collides with Uu UL transmission.
· Relatively less unaffected Uu UL HARQ processes as the number of Un subframes becomes large  (i.e. the number of allocated patterns becomes large) 
A.2. Method #2: based on 10ms interval resource assignment

This method is based on 10ms retransmission interval to avert the collision with the non-MBSFN configurable subframe. The proposed five patterns
 are designed in such way that 

· Two patterns (#1 and #7 in Figure 4, 5, 6, 7 and 8) have 4 subframe timing gap between downlink and uplink subframe, 

· Another two patterns (#2 and #8) have 5 subframe timing gap, and 

· The other pattern (#3) has 6 subframe timing gap e.g. assuming that 50% of subframes is allocated to backhaul resource 
 These patterns allows not only to avoid the collision with non-MBSFN configurable subframe, but also uplink access retransmission blocking. These selected 5 patterns are optimized in terms of resource efficiency when using 10ms HARQ RTT based proposals.

On the other hand, when only the “n+4” implicit rule
 is applied, the retransmission blocking problems always occurs if uplink transmissions are scheduled on the two subframes simultaneously which are one out of even-numbered subframes and the other out of odd-numbered subframes. Also this is one reason to split subframe resources into odd-numbered subframes and even-numbered subframes respectively. This kind of even/odd splitting is more effective on avoiding the blocking problem at least up to 50% resource partitioning (i.e. “4 unaffected HARQ processes” in Table 2) compared to the conventional “n+4” rule.  So when comparing 10ms with 8ms RTT, we have to carefully choose the comparative schemes for the fair comparison. We believe both 8ms and 10ms patterns proposed here are the best pattern in each method.
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Figure 4: Subframe allocation pattern #1 (yellow, “n+4”) for Un and Uu link (4 subframes for Un, 20 subframes for Uu, and 16 subframes for potential blocking subframe in 40ms), No UL ACK loss 
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Figure 5: Subframe allocation pattern #1 and #2 (blue, “n+4”) for backhaul and access link, 

No UL ACK loss 
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Figure 6: Subframe allocation pattern #1, #2 and #3 (red, “n+5”) for backhaul and access link, 

4 UL ACK losses associated with 4 PDSCHs in odd-numbered subframe#3, 13, 23, 33, colliding with the backhaul pattern#2 (red)  
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Figure 7: Subframe allocation pattern #1, #2, #3 and #4 (green, “n+6”) for backhaul and access link, 

4 UL ACK losses associated with 4 PDSCHs in odd-numbered subframe#5, 15, 25, 35, colliding with the backhaul pattern#3 (green) 
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Figure 8: Subframe allocation pattern #1, #2, #3, #4 and #5 (pink, “n+5”) for backhaul and access link, 

8 UL ACK losses responding to 8 PDSCHs in odd-numbered subframe#5, 9, 15, 19, 25, 29, 35, 39, colliding with the backhaul pattern#3 (green) and #5 (pink)
The Table 2 shows the number of available subframes and blocking subframes according to the variation of the number of allocated patterns shown in Figure 4, 5, 6, 7 and 8.  For example, when the five patterns are applied, the 20 subframes (50%) can be used for backhaul link and access link respectively without any retransmission blocking, but the 8 subframes may suffer from UL ACK/NACK blocking in the access link. However, it can be easily resolved by means of ACK/NACK repetition method in LTE Rel-8 specification [3].
Table 2: The number of available subframes and blocking subframes according to the applied patterns
	Patterns
	Backhaul subframes
	Uu UL subframes without Un synch ReTX blocking 
	Uu UL subframes with Un synch ReTX blocking 
	Uu UL subframes with UL A/N blocking

	#1

(Figure 4)
	4

(Odd SF)
	20 (4 unaffected HARQ processes, Even SF)
	16 (Odd SF)

(4 processes * 4)
	0

(“n+4” only)

	#1, #2

(Figure 5)
	8

(Odd SF)
	20 (4 unaffected HARQ processes, Even SF)
	12 (Odd SF)

(3 processes * 4)
	0

(“n+4” added)

	#1, #2, #3

(Figure 6)
	12

(Odd SF)
	20 (4 unaffected HARQ processes, Even SF)
	8 (Odd SF)

(2 processes * 4)
	4

(“n+5” added)

	#1, #2, #3, #4

(Figure 7)
	16

(Odd SF)
	20 (4 unaffected HARQ processes, Even SF)
	4 (Odd SF)

(1 process * 4)
	4

(“n+6” added)

	#1, #2, #3, #4, #5

(Figure 8)
	20

(Odd SF)
	20 (4 unaffected HARQ processes, Even SF)
	0 (Odd SF)

(0 process * 4)
	8

(“n+5” added)

	#1, #2, #3, #4, #5, #6
	24

(Odd/Even)
	0 (0 unaffected HARQ process)
	16 (Odd/Even)

(4 processes * 4)
	8

(“n+5” added)


Summary of method#2:

· This method is based on 10 ms periodicity with (DL/)UL backhaul retransmission

· This method uses ‘n+5’, ‘n+6’ rule in addition to ‘n+4’ implicit rule between DL-UL subframe 

Pros:
· This method has regular timing gap within a single pattern which has 10ms of HARQ retransmission time
· A half of Uu UL HARQ processes (50%, 4 HARQ processes) remains unaffected until the number of backhaul subframes increases up to 20 (50%).

Cons:

· Restriction in backhaul subframe allocation. 
· It has possibility of Uu UL ACK/NACK blocking, but it can be resolved by ACK/NACK repetition.

· Relatively less unaffected access links UL HARQ processes when the number of backhaul subframes become small (i.e. the pattern number becomes small)
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�Please note that this pattern is different from that of the scheme #3 in [2].


�It means the conventional implicit rule such as “scheduling in  subframe#n and uplink transmission in subframe#n+4” 





