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1 Introduction
In RAN1#60 meeting, a way forward on backhaul subframe allocation for TDD was agreed [1] as following:

· For TDD, both asymmetric and symmetric DL/UL Un subframe allocation are supported

· For TDD, explicit configuration on the set of Un UL subframes is supported

However, the detailed backhaul subframe allocation and backhaul HARQ timing for TDD is still an open issue. In RAN1 #61bis meeting, some contributions [2-8] proposed several solutions to solve backhaul HARQ timing issue. Those solutions can be categorized into the following two alternatives: 

· Alt 1: Reuse Rel-8 timing between UL grant and PUSCH for Un so as to minimize impact to Rel-8 scheduler
· Alt 2: Reuse Rel-8 timing between PDSCH and corresponding ACK/NACK as much as possible to minimize impact to Uu link resource efficiency
In this contribution, we further compare above two categorized alternatives. Based on analysis, we provide our views and suggested way forwards.  

2 Background
From the contributions [2-8] submitted in RAN1 so far, for configuration 1, configuration 2, configuration 4 and configuration 6, Alt 1 and Alt 2 would come up with almost the same Un DL and UL subframe configurations. However, for configuration 3, Alt 1 and Alt 2 would result in different Un DL and UL subframe configurations. So in this contribution, we are mainly focusing on TDD configuration 3.

2.1 Rel-8 HARQ timing
The Rel-8 HARQ timing of TDD configuration 3 is shown in figure 1. In figure1, the lines in the upper part show the timing between PDSCH(in subframe 5,6,…,9,0 and 1) and their corresponding ACK/NACK channels(in subframe 2,3 and 4). The lines in the lower part show the timing between UL grant (in subframe 8,9,0) and their corresponding PUSCH channels (in subframe 2,3 and 4). In figure 1, we can see that the only possible DL subframes for Un in one frame are subframe 7, 8 and 9 since DL subframe 0, 1, 5, and 6 cannot be used for MBSFN subframes as agreed in RAN1[12] and the only possible UL subframes for Un in one frame period are subframe 2, 3 and 4.

Then, based on the above observation, we gave the possible Un DL and UL subframe configuration based on Alt 1 and Alt 2 respectively.
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Figure 1 PDSCH HARQ timing and PUSCH<->UL grant timing for TDD configuration 3 in Release 8
2.2 Alternative 1
Main idea is to reuse the Rel-8 timing between UL grant and PUSCH. Detailed proposal is as the following [2].

· For TDD with symmetric Un subframe allocation, if UL subframe #n is assigned for backhaul, then DL subframe #(n-k1) is also assigned for backhaul, where k1 follows the Rel-8 timing between UL grant and PUSCH transmission

· For TDD with DL heavy backhaul subframe allocations, additional DL subframes are assigned for backhauling, with the preferred HARQ patterns.
With Alt 1, subframe 4 cannot be configured as Un UL subframe because with UL grant and PUSCH timing its corresponding Un DL subframe is subframe 0 while subframe 0 cannot be configured as Un DL subframe according to the current RAN 1 agreement [12]. So only possibly configured Un UL subframe will be subframe 2 and subframe 3. Based on this consideration, we give the Un subframe allocation for all the possible Un DL to UL ratio for Alt 1.
Table 1    Un subframe allocations for all the possible Un DL to UL ratio (Alt1)

	TDD UL-DL
Configuration
	Un DL:UL

ratio
	Un subframe configuration index
	Subframe n

	
	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	3
	
	
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	
	1:1
	0
	
	
	
	√
	
	
	
	
	
	√

	
	2:1
	1
	
	
	
	√
	
	
	
	√
	
	√

	
	2:1
	2
	
	
	
	√
	
	
	
	
	√
	√

	
	3:1
	3
	
	
	
	√
	
	
	
	√
	√
	√

	
	2:2
	4
	
	
	√
	√
	
	
	
	
	√
	√

	
	3:2
	5
	
	
	√
	√
	
	
	
	√
	√
	√


In [2], only the Un subframe configuration indexes 0, 1, 2 and 3 in table 1 highlighted in green are proposed for inclusion into final specification [2]. Such proposal seems to give some unnecessary limitation on the flexibility of Un subframe allocation.
Once the backhaul subframe allocation is configured, the HARQ timing can be determined by the following principle as proposed in [2] for Alt 1.
For both FDD and TDD, asynchronous adaptive HARQ is used for DL backhaul HARQ, and synchronous adaptive HARQ is preferable for UL backhaul UL HARQ.
· For TDD
· UL grant → PUSCH timing is k1; 
· PUSCH → next UL grant timing is (10-k1);

PDSCH → UL ACK/NACK timing is k1 or k2 > 4, depending on DL/UL backhaul subframe allocations.
2.3 Alternative 2
Main idea is trying most probably to reuse Rel-8 HARQ timing between PDSCH and its corresponding ACK/NACK whilst having less impact on the Uu link. Taking into account both the impact on access link (Uu interface) and the flexibility of Un subframe configuration, the Un subframe configurations for TDD configuration 3 are proposed as shown in Table 2. It should be noted that in the table below only one Un subframe configuration is supported for each backhaul DL:UL ratio. This can simplify specification and donor eNB scheduling implementation without hurting the flexibility of DL to UL configuration ratio.

Table 2   Un subframe allocations for all the possible Un DL to UL ratio (Alt2) 

	TDD UL-DL
Configuration
	Backhaul DL:UL

ratio
	Un subframe configuration index
	Subframe n

	
	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	3
	
	
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	
	1:1
	0
	
	
	
	√
	
	
	
	
	√
	

	
	2:1
	1
	
	
	
	√
	
	
	
	√
	√
	

	
	3:1
	2
	
	
	
	√
	
	
	
	√
	√
	√

	
	2:2
	3
	
	
	
	√
	√
	
	
	
	√
	√

	
	3:2
	4
	
	
	
	√
	√
	
	
	√
	√
	√


· Timing between R-PDSCH and R-UL ACK/NACK
According to the backhaul subframe allocation in Table 2, when R-PDSCH has been transmitted in subframe n-k, the corresponding ACK/NACK shall be transmitted in subframe n where k is given in the below table. 

Table 3 k value for UL ACK/NACK feedback timing relationship of backhaul for TDD configuration 3
	TDD UL-DL
Configuration
	Backhaul DL：UL

ratio
	Un subframe configuration index
	Subframe n

	
	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	3
	
	
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	
	1:1
	0
	
	
	
	5
	
	
	
	
	
	

	
	2:1
	1
	
	
	
	6，5
	
	
	
	
	
	

	
	3:1
	2
	
	
	
	6，5，4
	
	
	
	
	
	

	
	2:2
	3
	
	
	
	5
	5
	
	
	
	
	

	
	3:2
	4
	
	
	
	6，5
	5
	
	
	
	
	


· Timing between R-UL grant and R-PUSCH

According to the backhaul subframe allocation in Table 2, the backhaul timing between R-UL grant and R-PUSCH is as given in the table below. In the table, in case of DL:UL ratios of 2:1 and 3:1, where there are more 2 DL subframe and only 1 UL subframe, the UL grant would be transmitted in the first available Un DL subframe which comes 4ms before the subframe containing R-PUSCH, i.e. subframe 8 and subframe 9 for 2:1 ratio and 3:1 ratio respectively. In case of DL:UL ratios of 2:2 and 3:2, the UL grant would be transmitted in 2 DL subframes and the Un UL grant of different DL subframes would be linked to different UL subframes, i.e. DL subframe 8 is linked to UL subframe 3 and DL subframe 9 is linked to UL subframe 4 for both ratios. The intention of such HARQ timing is to balance the load among different UL Un subframes. When R-PUSCH has been transmitted in subframe n, the corresponding R-UL grant should be transmitted in subframe n-k where k is given in the below table.
Table 4 k value for UL grant timing of backhaul for TDD configuration 3
	TDD UL-DL
Configuration
	Backhaul DL：UL

Ratio
	Un subframe configuration index
	Subframe n

	
	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	3
	
	
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	
	1:1
	0
	
	
	
	
	
	
	
	
	5
	

	
	2:1
	1
	
	
	
	
	
	
	
	
	5
	

	
	3:1
	2
	
	
	
	
	
	
	
	
	
	4

	
	2:2
	3
	
	
	
	
	
	
	
	
	5
	5

	
	3:2
	4
	
	
	
	
	
	
	
	
	5
	5


3 Comparison between Alternative 1 and Alternative 2
3.1 Impact on Uu link
For Type I relay, RAN1 agreed that at least the following scheme will be supported [9]:

· DeNB → RN and RN → UE links are time division multiplexed in a single frequency band (only one is active at any time)

· RN → DeNB and UE → RN links are time division multiplexed in a single frequency band (only one is active at any time)
Considering this agreed scheme, 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. Therefore, when RN is transmitting to the donor eNB in a Un UL subframe, it cannot receive the RUE’s ACK/NACK transmission in the corresponding Uu UL subframe.  So the PDSCH transmission by the RN in the corresponding Uu DL subframe will be impacted by the missed ACK/NACK in Uu uplink due to the Un UL subframe configured in the same timing. For example, for Un subframe configuration 0 of Alt 1 in table 1, subframe 9 and 3 are configured as DL and UL Un subframe respectively. The corresponding ACK/NACK for Uu link PDSCH transmission in DL subframe 7 and 8 could not be received by RN, so 2 subframes (subframe 7 and 8) from 6 available DL Uu subframes (subframe 0, 1, 5, 6, 7, 8), i.e. 33.3% DL Uu subframes, would have Ack/Nack blocking problem.
The following table gives the detailed impact for each Un subframe configuration for Alt 1. 

Table 5    Impacted Uu subframes for Alternative 1

	Un DL to UL ratio
	Un subframe configuration index
	Number of Impacted Uu DL subframe 
	Impacted Uu DL subframe ratio

	1:1
	0
	2 subframe 
	33.3%

	2:1
	1
	1 subframe 
	20%

	2:1
	2
	1 subframe
	20%

	3:1
	3
	0 subframe
	0%

	2:2
	4
	4 subframe 
	80%

	3:2
	5
	3 subframe 
	75%


Unlike Alt 1, Alt 2 tries to reuse the Rel-8 timing between PDSCH and ACK/NACK to alleviate the impact. For example, for Un DL to UL ratio of 1:1, subframe 8 and 3 are configured as DL and UL Un subframe respectively. Since the subframe 8 is configured as Un DL, only corresponding ACK/NACK for Uu link PDSCH transmission in DL subframe 7 would not be received by RN, therefore the resource in only one Uu subframe would have the Ack/Nack blocking problem, so just 1 subframe (subframe 7) from 6 available DL Uu subframes (subframe 0, 1, 5, 6, 7, 8), i.e. 16.7% DL Uu subframes, would be impacted with reduced transmission efficiency. The following table gives the detailed impact for each Un subframe configuration for Alt 2.
Table 6    Impacted Uu subframes for Alternative 2

	Un DL to UL ratio
	Un subframe configuration index
	Number of Impacted Uu DL subframe 
	Impacted Uu DL subframe ratio

	1:1
	0
	1 subframe 
	16.7%

	2:1
	1
	0 subframe 
	0%

	3:1
	2
	0 subframe
	0%

	2:2
	3
	2 subframe 
	40%

	3:2
	4
	1 subframe 
	25%


To show the comparison between Alt 1 and Alt 2 more clearly, the following table 7 gives the quantitative comparison for impact on Uu link for each DL to UL ratio in Un. 

Table 7 Uu link impact comparison between Alt 1 and Alt 2

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

	
	Alt 1
	Alt 2
	Alt 1
	Alt 2

	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 Alt 2 has much less impact on the DL Uu link resource efficiency than Alt 2. Furthermore, with Alt 2, 2 UL Un subframes can be configured without too much impact on the DL Uu link resource efficiency, which would provide more flexibility to the Un subframe configuration. It should be noted that in many cases Un link is the bottle neck for relay.
3.2 Simplicity of Donor eNodeB Scheduler
From Section 3.1, we can see that from Uu link impact perspective, Alt 2 is a much better solution compared with Alt 1. The motivation of Alt 1 is to allow largely reusing Rel-8 eNB scheduler implementations, so that DeNB scheduler can take RN as an UE when scheduling to simplify the schuler implmentation. However, according to the analysis below, even though the timing between UL grant and PUSCH follows the Rel-8 timing, the changes to donor eNode B scheduler are still inevitable.

· R-PUCCH restriction on scheduler
R-PUCCH resource is semi-static configured as agreed in RAN1#61bis meeting. Then the scheduler should not schedule the semi-static configured R-PUCCH PRBs for R-PUSCH/PUSCH transmission. We see this kind of restriction is very similar to the Un subframe configuration impact to DeNB scheduler implementation. 

For example, for Un DL:UL ratio of 1:1 in TDD configuration 3 as given in Table 2, if using the Rel-8 PDSCH and Ack/Nack timing for the Un subframe configuration, then both R-PUSCH and the PUSCH of macro UE would be in subframe #3. Since the UL grant for R-PUSCH is in subframe #8 which is preceding the UL grant for PUSCH of macro UE in subframe #9, the R-PUSCH PRBs in sub-frame #3 should not be scheduled to the PUSCH of macro UE. This is the main change needed in the DeNB scheduler implementation if reusing the Rel-8 timing between PDSCH and Ack/Nack. However, such change needed is about the same as R-PUCCH restriction in scheduler, i.e. for R-PUCCH restriction, the semi-static configured R-PUCCH PRBs should also be precluded for scheduling to the PUSCH of macro UEs.

Since the semi-static R-PUCCH has already been agreed in RAN1, such change in the DeNB scheduler implementation is inevitable, we don’t see much complexity can be avoided by reusing the Rel-8 timing between UL grant and PUSCH. 

· R-PDCCH impact on scheduler

In RAN1 #60 meeting, it was agreed that for a R-PDCCH PRB pair where RN detects at least part of DL grant in the first slot and RN shall assume the first slot of the R-PDCCH PRB pair is not used for data transmission [10]. With this agreement, the first slot of the semi-static configured R-PDCCH PRB pairs shall be precluded for scheduling by the scheduler, so this is another case that Rel-8 scheduler cannot be simply reused. 
· UL timing impact on scheduler

It was agreed that the UL timing cases (case 2b, modified case 2a and modified case 4) are supported in RAN1 #61 meeting [11]. For modified case 4, RN should transmit SC-FDMA symbols m=0 until SC-FDMA symbol n ε {12, 13} (depending on the propagation delay between eNB and RN and the switching time). Therefore, the available symbols in one Un UL subframe is different with different propagation delay and switching time, which means DeNB should consider this difference when it allocate resources, so Rel-8 scheduler can also not be reused in this case. 
Although with Alt 2, the scheduler implementation needs to be changed since the timing between UL grant and R-PUSCH is different from that in Rel-8. However, according to the analysis above, even with Alt 1, still quite a few 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 justification.
4 Conclusion

In this contribution, we compared the current two alternatives for TDD Un subframe allocation from both perspectives of Uu link resource efficiency and DeNB scheduler simplification for TDD configuration 3. From the comparison, we can see Alt 1 have much larger impact on Uu link DL resource efficiency compared with Alt 2. Furthermore, the benefit of DeNB scheduler simplification of Alt 1 cannot be clearly seen since anyway the change in DeNB for Relay scheduler is inevitable according to the current RAN1 agreements for Relay.
So based on the considerations provided in this contribution, we propose Alt 2 is adopted as the solution for TDD Un subframe configuration.
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