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1 Introduction

In last RAN1#54 meeting in Jeju, Korea and the following reflector discussion, ACK/NACK multiplexing is agreed as a mode to handled maximum of 4 bits ACK/NACK transmission in TDD, which is based on PUCCH format 1b with channel selection [1][2]. 
As was commented in the reflector by many companies, Table 10.1.2~10.1.4 [1] needs further optimization. Besides, it is also raised in the reflector that DAI is not used in current ACK/NACK multiplexing scheme. Hence, in this document, we discuss how to use DAI to further enhance the ACK/NACK multiplexing scheme. 
2 Discussion

In TDD, there are exactly 3 ACK/NACK feedback modes, 
· 1 by 1 feedback mode, the mode used in FDD too. There is 1 by 1 mapping between downlink subframe and uplink subframe, 1 ACK/NACK bit is transmitted in non-MIMO case and 2 ACK/NACK bits for each codeword are transmitted for MIMO case. In this mode, NACK and DTX are distinguishable, which enable HARQ IR operation.

· ACK/NACK bundling mode using PUCCH format 1a or 1b. 1 or 2 ACK/NACK bits are transmitted in uplink subframe, which is better for coverage. 

· ACK/NACK multiplexing mode using PUCCH format 1b with channel selection. It is better for throughput, since maximum of 4 ACK/NACK bits could be transmitted. 

ACK/NACK bundling mode has one significant benefit that this mode is reduced to 1 by 1 feedback mode if only 1 DL subframe is scheduled by BS. However, such a good property doesn’t exist in ACK/NACK multiplexing mode. When BS transmits downlink data in only 1 subframe using MCW MIMO, only 1 ACK/NACK bit, which is the logical AND of the 2 ACK/NACK bits for the two codewords, could be transmitted in ACK/NACK multiplexing mode, hence it is not optimized for throughput. In cellular system, it is often the case that BS schedules downlink data only in 1 subframe since many UEs are sharing the downlink resource. So we see the drawback could be a major issue. 
The 2nd issue is there is no much gain from ACK/NACK multiplexing over bundling mode according to Table 10.1.2 for M=2 case [1]. Both 2 modes provide the ability for 2 ACK/NACK bits transmission. Note: M=2 is the most useful case in typical TDD configurations.
Referring Table 10.1.4 for M=4 [1], 4 states of 3 ACKs are removed to avoid NACK is mapped to DTX. A direct drawback of such a trade off solution is that when UE decodes the downlink data in 3 subframes correctly, it still can only signal 2 ACKs, hence results in some loss in throughput. 
3 Enhanced ACK/NACK multiplexing
As is raised in the reflector, DAI is not used in current ACK/NACK multiplexing mode. Hence in this section we provided a new scheme which uses DAI to feedback more ACK/NACK information. In the new scheme, the ACK/NACK information related to the subframes in bundling window is categorized into 2 sets, and the 2 sets of ACK/NACK information are handled differently. Here, we call them sub-mode 1 and sub-mode 2 for simplicity. 
· Sub-mode 1: Based on DAI, if UE receives the first DL subframe BS transmitted, and feedback information of other DL subframes BS transmitted are NACK or DTX, then UE could transmit 1 or 2 ACK/NACK bits for each codeword of its first scheduled DL subframe, and NACK/DTX are implicitly transmitted for other subframes. 
· Sub-mode 2: for other feedback information not belonging to sub-mode 1, one ACK/NACK bit is generated for each subframe, and then a scheme by PUCCH format 1b with channel selection is used which is similar to current ACK/NACK multiplexing scheme [1]. 
By this new scheme, ACK/NACK information for each codeword is transmitted if BS only schedules downlink data in one subframe, i.e. it is similar to 1 by 1 feedback mode. Actually, the new scheme is more beneficial. Even when BS transmits data in multiple subframes, ACK/NACK information for each codeword of the first scheduled subframe can be transmitted if only the ACK/NACK information of 2nd scheduled subframe and so on is NACK or DTX. 

Here, define a state means a resource duplet (h, Q), where, h means ACK/NACK channel and Q means QPSK constellation point. Denote the bundling window size as M, a subframe index k where UE receive downlink data and its related ACK/NACK channel hk, 0<k<M. 
· If subframe k is the first scheduled subframe based on DAI, and all the 4 states (hk, Qx), x=1,2,3,4 are used in sub-mode 1 for 2 ACK/NACK bits feedback, the states cannot be reused in sub-mode 2 for the following ACK/NACK information, i.e. there is no downlink data transmission in subframe 0~k-1, the feedback information for subframe k is ACK or NACK and At least 1 feedback information for subframe k+1…N-1 is ACK. 
· If subframe k is not the first scheduled subframe based on DAI, all the 4 states (hk, Qx), x=1,2,3,4 can be used in sub-mode 2. 
3.1 Sub-mode 1

Based on DAI, if UE receives the first DL subframe BS transmitted, and feedback information of other DL subframes BS transmitted are NACK or DTX, sub-mode 1 of the new scheme is used. 
Denote the first scheduled subframe index as k, related A/N channel as hk. In this sub-mode, UE will transmit 1 or 2 ACK/NACK bits for subframe k, e.g. 1 ACK/NACK bit for non-MIMO case or 2 ACK/NACK bits for MIMO case; meanwhile, NACK/DTX for other subframes is implicitly transmitted. 
Since sub-mode 1 is similar to the current 1 by 1 feedback mode, Table 5.4.1-1 in 36.211v8.4.0 for PUCCH format 1a and 1b could be reused for modulation symbol mapping, which is provided in Table 1 and Table 2. 
Table 1: 2 ACK/NACK bits mapping
	2 ACK/NACK bits of the first scheduled subframe k
	ACK/NACK Channel
	QPSK constellation point

	NACK, NACK
	hk
	Q1

	NACK, ACK
	hk
	Q2

	ACK, NACK
	hk
	Q3

	ACK, ACK
	hk
	Q4


Table 2: 1 ACK/NACK bit mapping
	1 bit ACK/NACK of the first scheduled subframe k
	ACK/NACK Channel
	QPSK constellation point

	NACK
	hk
	Q1

	ACK
	hk
	Q4


3.2 Sub-mode 2
For all other feedback information not handled in sub-mode 1, sub-mode 2 is used. In sub-mode 2, one ACK/NACK bit is generated for each subframe in the bundling window, and then a scheme adopting PUCCH format 1b with channel selection is used which is similar to current ACK/NACK multiplexing scheme [1]. Here we provide a mapping scheme for the sub-mode 2. 
Table 3 for M=2 and Table 4 for M=3 are directly derived from Table 10.1-2 and Table 10.1-3 in [1]. The duplicated information which is already handled by sub-mode 1 is deleted. And NACK mapping to DTX are completely avoided [2]. 
In Table 5 for M=4, similar to Table 10.1-4 in [1], NACK mapping to DTX are completely avoided, but with the sacrifice that feedback information with 3 ACKs are combined with other feedback information, as well as feedback information with 4 ACKs. For easy reading, the combined feedback information is marked as light blue, and the feedback information for NACK indication are marked as yellow. 
Table 3: sub-mode 2 for M=2
	HARQ-ACK(1), HARQ-ACK(2)
	ACK/NACK Channel
	QPSK constellation point

	ACK, ACK
	h2
	Q4

	NACK/DTX, ACK
	h2
	Q1

	DTX, NACK
	h2
	Q2

	DTX, DTX
	N/A
	N/A


Table 4: sub-mode 2 for M=3
	HARQ-ACK(1), HARQ-ACK(2), HARQ-ACK(3)
	ACK/NACK Channel
	QPSK constellation point

	ACK, ACK, ACK
	h2
	Q4

	ACK, ACK, NACK/DTX
	h2
	Q3

	ACK, NACK/DTX, ACK
	h3
	Q4

	NACK/DTX, ACK, ACK
	h3
	Q3

	NACK/DTX, ACK, NACK/DTX
	h2
	Q2

	NACK/DTX, NACK/DTX, ACK
	h3
	Q2

	DTX, DTX, NACK
	h3
	Q1

	DTX, NACK, NACK/DTX
	h2
	Q1

	DTX, DTX, DTX
	N/A
	N/A


Table 5: sub-mode 2 for M=4
	HARQ-ACK(1), HARQ-ACK(2), HARQ-ACK(3), HARQ-ACK(4)
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	ACK, ACK, ACK, ACK
	h2
	Q4

	ACK, ACK, ACK, NACK/DTX
	h2
	Q4

	DTX, DTX, NACK, NACK/DTX
	h3
	Q4

	ACK, ACK, NACK/DTX, ACK
	h2
	Q4

	ACK, ACK, NACK/DTX, NACK/DTX
	h2
	Q4

	ACK, NACK/DTX, ACK, ACK
	h4
	Q2

	DTX, DTX, DTX, NACK
	h4
	Q4

	ACK, NACK/DTX, ACK, NACK/DTX
	h3
	Q3

	ACK, NACK/DTX, NACK/DTX, ACK
	h4
	Q3

	NACK/DTX, ACK, ACK, ACK
	h4
	Q2

	DTX, NACK, NACK/DTX, NACK/DTX
	h2
	Q3

	NACK/DTX, ACK, ACK, NACK/DTX
	h3
	Q2

	NACK/DTX, ACK, NACK/DTX, ACK
	h2
	Q2

	NACK/DTX, ACK, NACK/DTX, NACK/DTX
	h2
	Q1

	NACK/DTX, NACK/DTX, ACK, ACK
	h4
	Q2

	NACK/DTX, NACK/DTX, ACK, NACK/DTX
	h3
	Q1

	NACK/DTX, NACK/DTX, NACK/DTX, ACK
	h4
	Q1

	DTX, DTX, DTX, DTX
	N/A
	N/A


3.3 Another handling for M=4

For M=4 case, since the amount of feedback information is large and the available states (16 states plus DTX) are limited, some form of special handling could be used for better trade off. Here one possible way for M=4 case is discussed. 
In sub-mode 1, if the first scheduled subframe index k equals 0, then UE is restricted to transmit only 1 ACK/NACK bit. That is to say, in MIMO case, the 2 ACK/NACK bits for 2 codewords are bundled into 1 ACK/NACK bit. Table 2 for 1 ACK/NACK bit mapping could be used, and then the state (h1, Q2) and (h1, Q3) are released in sub-mode 1 and could be used in sub-mode 2. By this way, all possible combination of different number of ACK can be signaled. The mapping is shown in Table 6. 
In Table 6, NACK mapping to DTX is not completely avoided but is reduced to a very low level. We think it is a better trade off considering the ability to support all feedback information with different number of ACK. The cases NACK mapping to DTX could be categorized into 3 subsets, i.e. 
· (DTX2, NACK, NACK/DTX, NACK/DTX), 
· (DTX, DTX, NACK, NACK/DTX), there is at least one DTX2 in the first 2 DTXs

· (DTX, DTX, DTX, NACK), there is at least one DTX2 in the first 3 DTXs

Here, DTX2 means the PDCCH in the subframe is missed, which has a very low probability, e.g. 1e-2. Since each subsets requires at least one DTX2 happens, the probability of NACK mapping to DTX is low, in the level of 1e-2. Such a low level of NACK mapping to DTX will not have critical impact on DTX detection. However, the merit is obvious that all combinations of different number of ACK are transmitted. Hence we currently slightly prefer this mapping for M=4 case. 
Table 6: sub-mode 2 for M=4
	HARQ-ACK(1), HARQ-ACK(2), HARQ-ACK(3), HARQ-ACK(4)
	ACK/NACK Channel
	QPSK constellation point

	ACK, ACK, ACK, ACK
	h2
	Q4

	ACK, ACK, ACK, NACK/DTX
	h2
	Q3

	ACK, ACK, NACK/DTX, ACK
	h4
	Q4

	ACK, ACK, NACK/DTX, NACK/DTX
	h2
	Q2

	ACK, NACK/DTX, ACK, ACK
	h3
	Q4

	ACK, NACK/DTX, ACK, NACK/DTX
	h1
	Q3

	ACK, NACK/DTX, NACK/DTX, ACK
	h1
	Q2

	NACK/DTX, ACK, ACK, ACK
	h3
	Q3

	NACK/DTX, ACK, ACK, NACK/DTX
	h3
	Q2

	NACK/DTX, ACK, NACK/DTX, ACK
	h4
	Q3

	NACK/DTX, ACK, NACK/DTX, NACK/DTX
	h2
	Q1

	NACK/DTX, NACK/DTX, ACK, ACK
	h4
	Q2

	NACK/DTX, NACK/DTX, ACK, NACK/DTX
	h3
	Q1

	NACK/DTX, NACK/DTX, NACK/DTX, ACK
	h4
	Q1

	DTX, NACK/DTX, NACK/DTX, NACK/DTX
	N/A
	N/A


4 Conclusion

In this document, we provide a method to enhance current ACK/NACK multiplexing mode using DAI. By this new scheme, 1 or 2 ACK/NACK bits for each codeword of the first scheduled subframe could be transmitted, meanwhile, NACK mapping to DTX is avoided, so we proposed to agree on this enhancement, and a related CR is also provided. 
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