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1. Introduction
In RAN WG1 #52bis, it has been discussed on how to transmit multiple ACK/NAKs when multiple HARQ processes needed to be acknowledged simultaneously due to the DL/UL ratio in TDD [1]

 REF _Ref196832017 \r \h 
[2]. When multiple ACK/NAKs are transmitted in PUSCH, DL assignment may be missed, which causes a high probability of RLC retransmission [3]. In this contribution, we propose one method that can be used to resolve the problem. 
2. Proposal
When multiple ACK/NAKs are transmitted in PUSCH, we suggest combination of following two methods to cope with the problem of missing downlink assignment. 

· UL index in DCI 0 of UL grant is interpreted to denote the number of DL sub-frames, which are associated with the UL sub-frame of the UE when there are more DL sub-frames than UL sub-frames.
In RAN WG1 #52, it has been agreed that 

· UL Multi-TTI Grant can be used for 2 DL: 3 UL configuration.

· Define 2 bit indicators (i.e. 4 configurations).
The 2 bit index is used in DCI 0 to indicator the number of subframe scheduled in UL when there are more UL sub-frames than DL sub-frames.
Table 1 shows that an UL sub-frame can be associated with 1, 2, 3, 4, or 9 DL sub-frames in different TDD configurations.
For 9 DL: 1 UL configuration, we may also define 4 configurations (e.g. 1, 3, 6, 9).
So, we propose that UL index in DCI 0 can be reused to denote the number of DL sub-frames, which are associated with the UL sub-frame and UE when there are more DL sub-frames than UL sub-frames.

	Configuration
	Switch-point periodicity
	Sub-frame number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	10 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D


  Table 1 DL/UL configurations in LTE TDD
· UL assignment corresponding to PUSCH is transmitted in the first DL sub-frame, which are associated with the UL sub-frame and UE.

When UL assignment is transmitted in the first DL sub-frame, UE may get the start place of DL sub-frame which transmits DL data to it. 

Based on UL index in DCI 0, UE can get the length of DL sub-frame which transmits DL data to it. 
When DTX happens, UE can know the DL sub-frame number which DL assignment is missed. About the detail description, please see the section 3.
· In the configurations where there are more DL sub-frames than UL sub-frames, multiple ACK/NAKs are transmitted in PUSCH only by joint coding.
Since we can obtain the number of DL sub-frames associated with the UL sub-frame, UE can determine the space and position used for multiple ACK/NACKs in PUSCH according to DCI 0. Bundling ACK/NACK bits do enhance the uplink coverage, but it degrade the downlink capacity and sometimes it is very severe. To maintain the current PUCCH structure, we propose using bundling to transmit ACK/NACK bit in PUCCH and we shall also provide a mechanism that downlink has little degradation when power is not limited in uplink. Thus we suggest that multiple ACK/NACK bits are transmitted in PUSCH. The detailed code scheme for these multiple ACK/NACK bits is FFS
3. Detection of DL assignment missing
In fig 1, it shows that ACK/NAKs of four DL sub-frame are transmitted in PUSCH and UL assignment is transmitted in the first DL sub-frame. UL index in DCI 0 is defined as an indication that how many DL sub-frames are associated with the UL sub-frame.
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Fig 1 Example of transmitting multiple ACK/NAKs in PUSCH
After UE receives UL assignment in the sub-frame 6, UE exactly knows the DL sub-frame number that the eNodeB allocated with DCI 0 in the UL grant (for example from sub-frame 6 to 9 in fig1). 
If UE don’t detect DL assignment in any DL sub-frames indicated in DCI 0 (from sub-frame 6 to sub-frame 9), UE can immediately infer DTX happens. Then UE can set these ACK/NAK bits as “NACK”.
If UL assignment in first DL sub-frame is missed, UE will transmit the ACK/NAK bits in PUCCH. The eNodeB will not receive any UL data in PUSCH, then eNodeB can infer that UL assignment is missed and receive the ACK/NAK bits in the PUCCH.
4. Conclusion
ACK/NAK transmission in PUSCH considering DTX in TDD is introduced in this contribution. In order to reduce a high probability of RLC retransmission, we propose that the following method: 
· UL index in DCI 0 of UL grant is interpreted to denote the number of DL sub-frames, which are associated with the UL sub-frame of the UE when there are more DL sub-frames than UL sub-frames.
· UL assignment corresponding to PUSCH is transmitted in the first DL sub-frame, which are associated with the UL sub-frame and UE.
· In the configurations where there are more DL sub-frames than UL sub-frames, multiple ACK/NAKs are transmitted in PUSCH only by joint coding.
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