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1. Introduction
In RAN1#62bis Xian meeting, there have been several decisions on Un subframe allocation in TDD mode. The contents for these agreements described at AI 6.6.3 of chairman’s notes [1] in RAN1#62bis meeting is the same as following: 
Table 1. The summary for Un subframe allocations [1]
	UL/DL SF configurations
	Un 

DL:UL
ratio
	Un SF 

allocation

	
	
	DL 
	UL 

	2
	3:1
	3,4,8
	2

	
	
	3,8,9
	7

	3
	2:1
	7,9
	3

	4
	2:1
	7,9
	3

	
	
	8,9
	3

	
	3:1
	7,8,9
	3

	
	4:1
	4,7,8,9
	3


With these agreements, one remaining issue is to tackle UL ACK/NACK blocking impact on Uu link. This contribution provides our view on this issue.

2. ACK/NACK blocking in Uu link
As shown in the previous section, some Un subframe allocations were agreed in Un link. Table 2 is an analysis for DL subframes where UL ACK/NACK blocking is occurred among total DL subframes which can be allocated to Uu link. Here, subframe configurations available in Un link is determined based on Table 5.1-1 in TS 36.216 [2] and Table 1. When selecting DL subframes that UL ACK/NACK blocking is occurred in Uu link, we assumed that Rel-8 TDD UL grant timing is reused in Un UL subframe and Un UL ACK/NACK timing is determined such that Un DL transmission in subframe #n is acknowledged in the first Un UL subframe that appears after #(n+3) [3, 4]. 
For example, in Un subframe configuration #13 in Table 2, DL subframe #9 and UL subframe #3 are allocated to Un link. In this case, Uu UL ACK/NACK feedbacks for DL subframe #6, #7, #8 should be transmitted in UL subframe #3 according to Rel-8 HARQ timing rules, but the subframe#3 is allocated to be used for Un UL transmission. Therefore, RN will miss the UL ACK/NACKs associated to PDSCH in subframe #6, #7, #8. The portion of DL subframes suffered from UL ACK/NACK blocking comes up to 43% in this case. 
Table 2. The analysis on Uu DL subframes that UL ACK/NACK blocking is occurred in Uu link based on agreed Un subframe allocations
	Un SF

configuration
	UL/DL SF configurations
	Un DL:UL
ratio
	Un SF allocation
	Uu UL ACK/NACK SF
	**Impacted

Uu DL SF ratio2

	
	
	
	DL
	UL
	*Blocked1
	Not blocked
	

	0
	1
	1:1
	4
	8
	-
	0,1,5,6,9
	0%

	1
	
	
	9
	3
	-
	0,1,4,5,6
	0%

	2
	
	2:1
	4,9
	8
	-
	0,1,5,6
	0%

	3
	
	
	4,9
	3
	-
	0,1,5,6
	0%

	4
	
	2:2
	4,9
	3,8
	-
	0,1,5,6
	0%

	5
	2
	1:1
	8
	2
	4,5,6
	0,1,3,9
	43%

	6
	
	
	3
	7
	0,1,9
	4,5,6,8
	43%

	7
	
	2:1
	4,8
	2
	5,6
	0,1,3,9
	33%

	8
	
	
	3,9
	7
	0,1
	4,5,6,8
	33%

	9
	
	3:1
	3,4,8
	2
	5,6
	0,1,9
	40%

	10
	
	
	3,8,9
	7
	0,1
	4,5,6
	40%

	11
	3
	2:1
	7,9
	3
	8
	0,1,5,6
	20%

	12
	
	3:1
	7,8,9
	3
	-
	0,1,5,6
	0%

	13
	4
	1:1
	9
	3
	6,7,8
	0,1,4,5
	43%

	14
	
	2:1
	7,9
	3
	6,8
	0,1,4,5
	33%

	15
	
	
	8,9
	3
	6,7
	0,1,4,5
	33%

	16
	
	3:1
	7,8,9
	3
	6
	0,1,4,5
	20%

	17
	
	4:1
	4,7,8,9
	3
	6
	0,1,5
	25%

	18
	6
	1:1
	9
	4
	-
	0,1,5,6
	0%


In table 2, we can verify that a RN loses UL ACK/NACK transmissions from R-UEs in several Un subframe configurations. Figure 1 shows UL ACK/NACK missing in Un subframe configuration #7 in case that DL subframe #4, #8 and UL subframe #2 are allocated to Un link. Figure 1 shows that Uu UL ACK/NACKs (subframe#2) associated to Uu DL PDSCH (subframe #5 and #6) are missed in RN reception perspective.
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Figure 1. Illustration of Uu UL ACK/NACK blocking (subframe#2) associated to Uu DL PDSCH (subframe #5 and #6)
One implementation-based solution to use ACK/NACK repetition is illustrated in Figure 2 where RN sets R-UE’s ACK/NACK repetition factor to e.g. 2. When the ACK/NACK repetition is configured, R-UE that receives PDSCH in subframe #5 and #6 tries UL ACK/NACK transmissions in subframe #7 as well as in subframe#2. Consequently, RN can receive one repeated version of UL ACK/NACKs in subframe #7 responding to PDSCH transmission in subframe#5 and #6. 
Furthermore, UL ACK/NACK transmission in blocked subframe leads to unnecessary UE battery consumption and interference to other cells as well. It can be easily resolved by UL ACK/NACK transmission muting in Rel-10 UE in such questioned Un subframe. For example, as shown in Figure 2, RN informs Rel-10 R-UE of the location of Un UL subframes and Rel-10 R-UE do not try its UL transmission in those Un subframes (e.g., in subframe #2 in Figure 2). This simple tip can avoid unnecessary battery consumption and interference induction. We note that this UL transmission halt is in line with the feature of the type 1 RN captured in TR 36.814 [5]: “To LTE-Advanced UEs, it should be possible for a relay node to appear differently than Rel-8 eNodeB to allow for further performance enhancement.”
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Figure 2. Illustration of ACK/NACK repetition application to resolve the UL ACK/NACK blocking problem.
Proposal 1: ACK/NACK repetition is used to resolve the UL ACK/NACK blocking problem in Uu link. Furthermore, RN can inform Rel-10 R-UE of the location of blocked Un UL subframes to avoid unnecessary UE transmission.
3. Conclusion
We have discussed about UL ACK/NACK blocking problem in Uu link. Based on the discussion, we proposed the following:
Proposal 1: ACK/NACK repetition is used to resolve the UL ACK/NACK blocking problem in Uu link. RN can inform Rel-10 R-UEs of the location of blocked Un UL subframes to avoid unnecessary UE transmission.
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1 *Blocked itself means that RN cannot receive Uu UL ACK/NACK in a certain subframe due to Un UL transmission. 


2 **Impacted Uu DL SF ratio is a percentage of DL subframes where UL ACK/NACK blocking is occurred among total available DL subframes in Uu link.
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