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1 Introduction 
In RAN WG1 #52, the position of REs used for ACK/NAK transmission in PUSCH has been agreed, by puncturing into data consecutive to the DMRS and starting the ACK/NAK from the bottom of the scheduled PRBs in PUSCH in FDD.  How to transmit multiple ACK/NAKs when multiple HARQ processes needed to be acknowledged simultaneously due to the different DL/UL ratio in TDD is still open. In our previous contribution [1], we outlined a scheme of combing DL grant and UL grant to resolve the ACK DTX in PUSCH problem by employing several bits in both DL grant and UL grant. This contribution is an update of [1] according to some agreement concerning the multiple ACK feedback in TDD.
2  Use of UL Index in UL Grant for ACK/NACK Multiplexing in PUSCH in TDD
It has been agreed that in UL grant, the UL index in DCI 0 is used to indicate the number of DL sub-frames assigned in UL when there are more UL sub-frames than DL sub-frames. When there are more DL sub-frames than UL, the use of the 2-bits UL index is not specified. In this contribution, we propose as in [2] that the 2-bit UL index can be used to indicate the number of DL sub-frames associated with the UL sub-frames when TDD is configured with more DL sub-frames than UL sub-frames mode. In the last meeting, 2 bits in DL grants has been agreed to be used as DAI field. By combining the 2-bits UL index (used as total number of sub-frames associated) in UL grant and 2-bits DAI (used as counter) in DL grant, two problems can be solved with multiple ACK transmission in PUSCH:
· How to detect ACK missing?
· How to avoid mistaking the data as ACK/NACK when DL grant is missed by UE?
According to the discussion in the last two meetings, two possible explanations of the 2 DAI are possible: pure counter, minimum number of previous and future. The pure counter scheme can not solve the last DL grant missing problem without other signaling aid, but by combining the UL index, the last DL grant missing problem can be solved. The advantage of using the pure counter is that it has no joint scheduling requirement. The minimum number of previous and future scheme in [5] is robust in covering the last DL grant missing issue, however, it has joint scheduling requirement. No matter which of two schemes is chosen in the end, when it combines with the UL index in UL grant, it can enhance the DTX detection at UE.
Further, if multiple ACK feedback scheme is finally adopted in PUSCH, for different UL/DL configuration, different number of the multiple ACK in PUSCH may require different coding length. If always reserve the resource according to the maximum number of the ACK (for example DL:UL=4:1 case), for some configurations less than the maximum, it is a kind of resource waste. Therefore, explicitly conveying to the UE the number of multiplexing ACK would help the UE reserve corresponding number RE for the N/A, so that the REs punctured for the ACK in PUSCH is as compact as possible. In addition to conveying to UE the number of DL sub-frame association, the redefinition of the 2-bits UL index also imply a kind of coding scheme if different number of ACK multiplexing employs different coding scheme.
In a nutshell, when the DL/UL configuration with more DL sub-frames than UL sub-frames the redefinition of the 2-bit index in UL grant takes two advantages.

· Reserving the right number of ACK/NACK spaces and eNB would not mis-interpret the data in PUSCH as ACK/NACK, in case there are DL grants missed by UE.  
· The redefinition of the two bits in UL grant would enhance detection of DTX at UE.
3 Possibility of the UL-Index redefinition
One concern is that redefinition of the UL index in UL grant will not introduce the joint scheduling problem.  In the following, we will show that the UL index redefinition does not conflict with the agreed timing of PDSCH and its corresponding ACK, PUSCH and PDCCH and PDCCH and PDSCH. The following lists the timing related to the UL grant, DL grant and ACK in [3]:
1. the UE shall upon detection of a PDSCH transmission in subframe n intended for the UE and for which an ACK/NACK shall be provided, transmit the ACK/NACK response in UL subframe n+k, where k depends on the subframe n according to Table-1 for the UL-DL configurations.
Table 1: Uplink ACK/NACK timing index k for TDD

	Configuration
	Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	4
	6
	-
	-
	-
	4
	6
	-
	-
	-

	1
	7
	6
	-
	-
	4
	7
	6
	-
	-
	4

	2
	7
	6
	-
	4
	8
	7
	6
	-
	4
	8

	3
	4
	11
	-
	-
	-
	7
	6
	6
	5
	5

	4
	12
	11
	-
	-
	8
	7
	7
	6
	5
	4

	5
	12
	11
	-
	9
	8
	7
	6
	5
	4
	13

	6
	7
	7
	-
	-
	-
	7
	7
	-
	-
	5


2. For TDD UL/DL configurations 1-6, the UE shall upon detection of a PDCCH with DCI format 0 and/or a PHICH transmission in subframe n intended for the UE, adjust the corresponding PUSCH transmission in subframe n+k, with k given in Table 2, according to the PDCCH and PHICH information.

Table 2 k for TDD configurations 0-6
	TDD UL/DL
Configuration
	DL subframe number n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	4
	6
	
	
	
	4
	6
	
	
	

	1
	
	6
	
	
	4
	
	6
	
	
	4

	2
	
	
	
	4
	
	
	
	
	4
	

	3
	4
	
	
	
	
	
	
	
	4
	4

	4
	
	
	
	
	
	
	
	
	4
	4

	5
	
	
	
	
	
	
	
	
	4
	

	6
	7
	7
	
	
	
	7
	7
	
	
	5


3. PDCCH and the corresponding PDSCH are transmitted in a same TTI.
According to the tables above, the timing of PDCCH and PUSCH, PDSCH and its corresponding ACK can be drawn as in Appendix. In the plot of the timing, a “Bundling window” is defined to illustrate the 2-bits UL index in UL grant can be used for indicating how many DL sub-frame ACKs need to be multiplexed in PUSCH. The “bundling window” in Appendix can be used as real bundling window to bundle ACKs in PUSCH if finally bundling ACK is supported in PUSCH. 
The appendix outlines all the 5 cases of more DL sub-frames than UL sub-frames configuration. In 1, 2 and 5 configurations, the UL grant can be arranged in the last DL sub-frame of the “bundling window”. With the UL/DL configuration 3 and 4, no UL grant is available in some “bundling windows”, the UL-index in the “bundling window” that follows can carry the number of DL scheduled information for the preceding “bundling window”. As the UL grant is allocated either in the last sub-frame of the “bundling window” or in the middle sub-frame in the latter “bundling window”, no joint scheduling is required. 

4 Conclusion  

In this contribution, multiple ACK/NACK transmission in PUSCH is proposed to avoid DL throughput reduction by bundling method.  Further, we propose to combine the UL index in DCI 0 and the 2-bits DAI in DL for the DTX detection enhancement and avoiding the data in PUSCH being mistaken as ACK by reserving right space for A/N.  The association of “bundling window” and UL grant is specified considering the redefinition of 2-bits UL-Index in UL grant. 
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Appendix  
Configuration 1:


[image: image1]
ACKs of  0 and 1 in “bundling window 1” are multiplexed in PUSCH of UL subframe 7. 
ACK of  4 in “bundling window 2” is in PUSCH of UL subframe 8. 
UL indexes of UL grant in 1,4,6, 9 carry the number of the scheduled DL sub-frames. 

Configuration 2:


[image: image2]
ACKs of  9,0,1 and 3 in “bundling window 1” are multiplexed in PUSCH of UL subframe 7. 
ACKs of  4,5,6,8 in “bundling window 2” are multiplexed in PUSCH of UL subframe 2. 
UL indexes of UL grant in 3,8 carry the number of the scheduled DL sub-frames. 
Configuration 3:


[image: image3]
ACKs of  1,5 and 6 in “bundling window 1” are multiplexed in PUSCH of UL subframe 2. 
ACKs of  7 and 8 in “bundling window 2” are multiplexed in PUSCH of UL subframe 3. 
ACKs of  9 and 0 in “bundling window 3” are multiplexed in PUSCH of UL subframe 4. 
UL index of UL grant in 8 carries the number of the scheduled DL sub-frames in “window 1”. 

UL index of UL grant in 9 carries the number of the scheduled DL sub-frames in “window 2”. 

UL index of UL grant in 0 carries the number of the scheduled DL sub-frames in “window 3”. 

Configuration 4:

[image: image4]
ACKs of  1,0 and 4 in “bundling window 1” are multiplexed in PUSCH of UL subframe 2. 
ACKs of  6, 7, 8 and 9 in “bundling window 2” are multiplexed in PUSCH of UL subframe 3. 
UL index of UL grant in 8 carries the number of the scheduled DL sub-frames in “window 1”. 

UL index of UL grant in 9 carries the number of the scheduled DL sub-frames in “window 2”. 
Configuration 5:

[image: image5]
ACKs of  9,0,1,3,4,5,6,7 and 8 in “bundling window 1” are multiplexed in PUSCH of UL subframe 2. 
UL index of UL grant in 8 carries the number of the scheduled DL sub-frames in “window 1”. 
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