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1 Introduction
In RAN1 #61bis meeting, contributions [1-7] proposed several solutions to solve backhaul HARQ timing issue for TDD. Those solutions can be categorized into two alternatives, reusing Rel-8 UL granting and trying to reuse Rel-8 ACK/NACK timing. And in RAN1#62 meeting, some common backhaul subframe configuration of the two alternatives has been agreed, however, there are still different views on other left configurations. In [8], we have compared the two alternatives and in our view Rel-8 timing between PDSCH and its corresponding UL ACK/NACK should be reused as much as possible to minimize impact on Uu link resource efficiency. In this contribution, we provide our further analysis and suggested way forward.   

2 Further analysis

2.1 Impact on DeNB Scheduler
In RAN1 #62 meeting, some companies think the solution trying to reuse Rel-8 timing between DL PDSCH and UL ACK/NACK timing will cause too much implementation complexity in the scheduler of DeNB, since the scheduling decisions for Un and scheduling decisions for Uu for a particular subframe would have to be taken at different points in time, and if scheduling Un traffic prior to Uu traffic, the eNB does not finally know if some Uu traffic will arrive colliding with the Un traffic. To solve this, the UL Un link performance or UL Uu link Performance may be degraded.

However, according to our analysis as below, this is not true and the scheduling decisions for Un and that for Uu for a particular subframe can still be taken at the same time if Un subframe configuration follows the Rel-8 timing between DL PDSCH and UL Ack/Nack.
In figure 2, we showed the impact on the DeNB scheduler for TDD configuration 3 if configure the Un subframe following the Rel-8 timing between PDSCH and UL Ack/Nack. From the figure, we can see that when the DeNB receives the PUSCH from Macro UE and that from RN at subframe #3 respectively, the DeNB can have 5 ms to allocate new resources for Macro UE and RN until subframe #8, so the 5 ms time duration is enough to decide the UL resources allocation for Macro UE and RN at the same time. After the UL resource allocation, the UL grant for RN could be transmitted in subframe #8 and the UL grant for Macro UE could be transmitted in subframe #9. Thus if configure the Un subframe following the Rel-8 timing between DL PDSCH and UL Ack/Nack, resource allocation decision of DeNB scheduler for RN and that for Macro UE could be taken at the same time and the only difference is just that the UL grant for Macro UE and that for RN are transmitted at different timing comparing with the Rel-8 scheduler, so the change to DeNB scheduler is not that much and there is no any performance degradation for both UL Un and UL Uu. 
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 Figure 2 Impact on scheduler for the Un subframe allocation for TDD configuration 3
Moreover, as analyzed in [8], even though the timing between UL grant and PUSCH follows the Rel-8 timing, the changes to donor eNode B scheduler are still inevitable, since R-PUCCH resource is semi-static configured as agreed in RAN1#61bis meeting, and the scheduler should not schedule the semi-static configured R-PUCCH PRBs for R-PUSCH/PUSCH transmission. This will add scheduler restriction and such change in the DeNB scheduler implementation is inevitable, so that reusing Rel-8 scheduler is impossible anyway. Therefore, according to the analysis above, even with reusing Rel-8 UL grant timing, still changes are needed in DeNB scheduler implementation. Considering this, the benefit of reusing the Rel-8 timing between UL grant and PUSCH for Un sub-frame configuration still needs further clarification.

2.2 Analysis on solutions to ACK/NACK blocking 
Considering the agreements in [9], 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. When RN is transmitting to the donor eNB in a Un UL subframe, it cannot receive the RUE’s ACK/NACK transmission corresponding to its PDSCH in the Uu DL subframe, so Ack/Nack blocking would happen when the Ack/Nack corresponding to a DL Uu PDSCH should be transmitted in a UL Un subframe. So far there are proposals such as aggressive MCS scheduling, Ack/Nack repetition, and Un subframe allocation following Rel-8 DL timing to solve the Ack/Nack blocking issue from the available contributions and online/offline discussions. In this section, we provided our analysis on those solutions.
· Aggressive MCS scheduling
With the solution of aggressive MCS scheduling, the RN schedules higher MCS than the desired MCS to RUE’s in the DL subframes with Ack/Nack blocking, and when RN missed the corresponding ACK/NACK from RUE, RN will retransmit the data to RUE so that RUE can combine the retransmitted data with the original transmission to partially compensate the loss due to Ack/Nack blocking. However, this scheme will greatly increase RN scheduler complexity because the scheduler will decide different MCS for different DL subframe when RN receives the same CQI and the RN scheduler algorithm should be good enough to avoid the unnecessary retransmissions due to the Ack/Nack blocking. Moreover, currently we are still not sure how much performance loss due to Ack/Nack blocking can be compensated with such aggressive MCS scheduling scheme, since we have not see any performance evaluation on this scheme so far. So we think that to solve the Ack/Nack blocking issue, the aggressive MCS scheduling scheme still needs further justification.
· Ack/Nack repetition

As proposed in [5], Ack/Nack repetition defined in Rel-8 can be used to cope with Ack/Nack blocking issue, since with the configured Ack/Nack repetition, the blocked Ack/Nack can be retransmitted to RN on a UL Uu subframe. However, for TDD, ACK/NACK repetition is only applicable for ACK/NACK bundling and is not applicable for ACK/NACK multiplexing as specified in Rel-8 specification, so the proposed Ack/Nack repetition scheme cannot fully solve the Ack/Nack blocking issue especially for Rel-8 UEs, since for UE’s working with non-bundling state, Ack/Nack repetition cannot be configured at all. Furthermore, as we know Ack/Nack repetition is configured with RRC signalling, while Ack/Nack blocking issue would happen when the DL transmission was scheduled on some DL subframe with physical layer signalling, so a lot of unnecessary Ack/Nack retransmission would happen if using Ack/Nack repetition to solve the Ack/Nack blocking issue. Moreover, since Ack/Nack repetition would usually be configured for power limited UE’s, such unnecessary Ack/Nack repetition would cause severe UE power consumption issue. Considering the above analysis, we feel that Ack/Nack repetition could not be a full solution to solve the Ack/Nack blocking issue especially for Rel-8 UE’s.
· Un subframe allocation following Rel-8 DL timing
In [8], the Un subframe allocation following the Rel-8 timing between PDSCH and UL Ack/Nack was proposed to minimize the Ack/Nack blocking issue as much as possible. The proposal can be summarized as below:
· Following Un subframe allocation is supported for TDD UL-DL configuration 3
	 Un DL:UL ratio
	Un subframe configurations

	
	DL subframe #
	UL subframe #

	1:1
	8
	3

	2:1
	7,8
	3

	3:1
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	3

	2:2
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	3,4
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	7,8,9
	3,4


· The corresponding HARQ timing is as following:

· The Un PUSCH transmission in subframe #(n+k1) corresponds to the UL grant received in subframe #n, where the values of k1 are:
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· The UL ACK/NAK transmitted in subframe #n corresponds to Un PDSCH received in subframe #(n-k2) , where the values of k2 are as below:
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The following table further gives the detailed comparison between the scheme of reusing Rel-8 UL grant timing and that of reusing Rel-8 timing between PDSCH and Ack/Nack as in [8]. 

Table 1      Uu Ack/Nack blocking impact comparison 

	Un DL to UL ratio
	Impacted Uu DL subframe number/ratio
	Impacted Uu DL subframe ratio

	
	Reuse Rel-8 UL grant timing
	Trying to reuse Rel-8 ACK/NACK timing
	Reuse Rel-8 UL grant timing
	Trying to reuse Rel-8 ACK/NACK timing

	1:1
	2 subframe 
	1 subframe 
	33.3%
	16.7%

	2:1
	1 subframe 
	0 subframe 
	20%
	0%

	3:1
	0 subframe
	0 subframe
	0%
	0%

	2:2
	4 subframe 
	2 subframe 
	80%
	40%

	3:2
	3 subframe 
	1 subframe 
	75%
	25%


From the above table, we can see that among the proposed Un subframe configurations, if configure the Un subframe allocation following the Rel-8 timing between PDSCH and UL Ack/Nack, both the configuration with Un DL to UL ratio of 2:1 and that of 3:1 would have no any Ack/Nack blocking issue. As the configuration with Un DL to UL ratio of 3:1 was already agreed as one Un configuration pattern for TDD configuration 3, we think that it is beneficial to add the configuration with Un DL to UL ratio of 2:1 as below into the relay specification as well to adapt some other traffic variance of Un and Uu. For other Un subframe allocation pattern for TDD configuration 3 can be FFS.
· Following Un subframe allocation is supported for TDD UL-DL configuration 3
	 Un DL:UL ratio
	Un subframe configurations

	
	DL subframe #
	UL subframe #

	2:1
	7,8
	3


· The corresponding HARQ timing is as following:

· The Un PUSCH transmission in subframe #(n+k1) corresponds to the UL grant received in subframe #n, where the values of k1 are:
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· The UL ACK/NAK transmitted in subframe #n corresponds to Un PDSCH received in subframe #(n-k2) , where the values of k2 are as below:
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3 Conclusion

In this contribution, we analyzed the impact on complexity of DeNB scheduler implementation for case that the Un subframe configuration follows the Rel-8 timeline for PDSCH and UL Ack/Nack. Furthermore, we compared the current available solutions to the Ack/Nack blocking issue caused by the Un subframe allocation. Based on such analysis, we propose to add the Un subframe configuration and HARQ timing below into the Relay specification, and FFS for other Un subframe configuration for TDD UL-DL configuration 3.
· Following Un subframe allocation is supported for TDD UL-DL configuration 3
	 Un DL:UL ratio
	Un subframe configurations

	
	DL subframe #
	UL subframe #

	2:1
	7,8
	3


· The corresponding HARQ timing is as following:

· The Un PUSCH transmission in subframe #(n+k1) corresponds to the UL grant received in subframe #n, where the values of k1 are:
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· The UL ACK/NAK transmitted in subframe #n corresponds to Un PDSCH received in subframe #(n-k2) , where the values of k2 are as below:
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