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1. Introduction
The draft specification for relaying operation [1] is based on current agreements. The draft specification includes the currently agreed subframe allocations for Un downlink (DL) and uplink (UL) as well as HARQ timing on the Un link [2]–[4]. In this contribution, we briefly discuss the Un UL grant timing and the UL ACK/NACK timing for the various Un subframe configurations based on these agreements. We also discuss Un subframe allocations for other DL:UL ratios with TDD configuration 4.
2. Discussion

2.1. Un UL HARQ Timing
TDD configurations 1, 2, 3, 4, and 6 will be supported for Rel-10 Type-1 relaying and currently eleven UL/DL subframe configurations have been agreed for backhaul operation [1]Table 1. Allocation of UL/DL subframes has been based on reusing Rel-8 UL grant timing.  shows the Un UL grant timing for each of the eleven backhaul subframe configurations. In the table, the index k1 is such that the UL grant for Un transmission on R-PUSCH in UL subframe (n+k1) is provided in DL subframe n.
Table 1. TDD Un UL Grant Timing k1 for R-PUSCH Transmission in Subframe (n+k1)

	Backhaul subframe configuration
	UL/DL
Configuration at RN Cell
	DL subframe number n

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	1
	
	
	
	
	4
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	4
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	4
	
	
	
	
	

	3
	
	
	
	
	
	
	
	
	
	
	4

	4
	
	
	
	
	
	4
	
	
	
	
	4

	5
	2
	
	
	
	
	
	
	
	
	4
	

	6
	
	
	
	
	4
	
	
	
	
	
	

	7
	
	
	
	
	
	
	
	
	
	4
	

	8
	
	
	
	
	4
	
	
	
	
	
	

	9
	3
	
	
	
	
	
	
	
	
	
	4

	10
	4
	
	
	
	
	
	
	
	
	
	4

	11
	6
	
	
	
	
	
	
	
	
	
	5


The Un UL ACK/NACK timing for the eleven backhaul subframe configurations is provided in Table 2 and is based on the current agreements in [2], [4]. In this table, the index k2 is such that the UL ACK/NACK feedback for R-PDSCH transmission in DL subframe (n–k2) is provided in UL subframe n. In all of the symmetric subframe configurations, Rel-8 UL ACK/NACK timing is followed. The only exceptions to the Rel-8 timing are for the asymmetric backhaul subframe configurations 2, 3, and 9, where UL ACK/NACK feedback is provided in the sole Un UL for one more DL subframe than in the case of Rel-8. The number of Un UL HARQ processes for each of the backhaul subframe configurations is provided in [1] and is one for all but backhaul subframe configuration 4, in which case the number is two since two UL subframes are allocated in each radio frame.
Table 2. TDD Un UL ACK/NACK Feedback Timing k2 for R-PDSCH Transmission in Subframe (n–k2)

	Backhaul subframe 

configuration
	UL/DL

Configuration at RN Cell
	Subframe n

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	1
	-
	-
	-
	-
	-
	-
	-
	-
	4
	-

	1
	
	-
	-
	-
	4
	-
	-
	-
	-
	-
	-

	2
	
	-
	-
	-
	-
	-
	-
	-
	-
	9, 4
	-

	3
	
	-
	-
	-
	9, 4
	-
	-
	-
	-
	4
	-

	4
	
	-
	-
	-
	4
	-
	-
	-
	-
	4
	-

	5
	2
	-
	-
	4
	-
	-
	-
	-
	-
	-
	-

	6
	
	-
	-
	-
	-
	-
	-
	-
	4
	-
	-

	7
	
	-
	-
	8, 4
	-
	-
	-
	-
	-
	-
	-

	8
	
	-
	-
	-
	-
	-
	-
	-
	8, 4
	-
	-

	9
	3
	-
	-
	-
	6, 5, 4
	-
	-
	-
	-
	-
	-

	10
	4
	-
	-
	-
	4
	-
	-
	-
	-
	-
	-

	11
	6
	-
	-
	-
	-
	5
	-
	-
	-
	-
	-


The Un UL grant timing and ACK/NACK feedback timing are illustrated for each of the eleven backhaul subframe configurations in the Appendix. Figure 2 through Figure 6 depict the Un UL-DL subframe allocations and Un UL HARQ timing for TDD configurations 1, 2, 3, 4, and 6, respectively. Figure 6 shows TDD configuration 6. As depicted in the figure, six UL HARQ processes are required based on Rel-8 HARQ timing. For any particular subframe index, the same HARQ process ID repeats once every 60 ms or six radio frames. A single DL/UL subframe pair {9; 4} is allocated for the Un link . Since the Un UL subframe periodicity coincides with the Un UL HARQ periodicity, the required number of Un UL HARQ processes is equal to one. Note that the number of Uu UL HARQ processes is still six, which is the number of Rel-8 UL HARQ processes. However, as observed in [5] and discussed in [6], the lone Un UL HARQ process clashes with one of the Uu HARQ processes in every subframe. Each of the six Uu HARQ processes is impacted once every 60 ms, which may not be a serious issue.
2.2. Other Un DL:UL Ratios for TDD Configuration 4
There is currently an agreement for backhaul subframe allocation corresponding to only one DL:UL ratio (1:1) under TDD configuration 4 [3]. The ratios 2:1 and 3:1 are considered here. The proposed DL subframe allocations for these two ratios are shown in Table 3.

Table 3. Backhaul Subframe Configurations for Other DL:UL Ratios with TDD Configuration 4 

	Backhaul subframe 

configuration
	UL/DL

Configuration at RN Cell
	DL:UL ratio
	Subframe number

	
	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	12
	4
	2:1
	
	
	
	U
	
	
	
	
	D
	D

	13
	
	3:1
	
	
	
	
	U
	
	
	D
	D
	D


The UL ACK/NACK feedback timing for these two new configurations is provided in Table 4, which reflects the based on the agreement in [2]. The UL HARQ timing for these two backhaul subframe configurations is illustrated in Figure 1
. Rel-8 UL ACK/NACK timing is reused here.
Table 4. Un UL ACK/NACK Feedback Timing k2 for R-PDSCH Transmission in Subframe (n–k2) for Other DL:UL Ratios with TDD Configuration 4

	Backhaul subframe 

configuration
	UL/DL

Configuration at RN Cell
	Subframe n

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	12
	4
	-
	-
	-
	5, 4
	-
	-
	-
	-
	-
	-

	13
	
	-
	-
	-
	6, 5, 4
	-
	-
	-
	-
	-
	-
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Figure 1. Un UL HARQ Timing for TDD Configuration 4 with Other Un DL:UL Subframe Ratios
3. Conclusions

In this contribution we examine Un UL HARQ timing for the currently specified backhaul UL/DL subframe configurations.  Two backhaul subframe configurations with other DL:UL ratios are also proposed for TDD configuration 4. DL/UL subframe allocation {8, 9; 3} can be used for a 2:1 ratio and DL/UL subframe allocation {7, 8, 9; 3} can be allocated for a 3:1 ratio. It is seen that Rel-8 ACK/NACK timing is reused for these allocations.
Appendix

TDD Configuration 1 in the RN Cell
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Figure 2. Un UL HARQ Timing for TDD Configuration 1
TDD Configuration 2 in the RN Cell
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Figure 3. Un UL HARQ Timing for TDD Configuration 2
TDD Configuration 3 in the RN Cell
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Figure 4. Un UL HARQ Timing for TDD Configuration 3

TDD Configuration 4 in the RN Cell
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Figure 5. Un UL HARQ Timing for TDD Configuration 4
TDD Configuration 6 in the RN Cell
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Figure 6. Un UL HARQ Timing for TDD Configuration 6
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