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1 Introduction

Based on RAN1#54 meeting in Jeju, Korea and the following reflector discussion, ACK/NACK multiplexing for LTE TDD is agreed, which is based on PUCCH format 1b with channel selection [1][2]. However, it was commented in the reflector discussion by many companies, Table 10.1.2~10.1.4 [1] needs further refinement work, e.g. optimizing the state mapping, and how to use DAI for better performance. So in last RAN1#54bis meeting, we provided a method to use DAI for refinement of the current ACK/NACK multiplexing [3]. This document provides some further analysis and corresponding CR is given in attached document. 

2 Discussion

2.1 Issues in the current ACK/NACK multiplexing

In TDD, there are currently two ACK/NACK feedback modes, ACK/NACK bundling mode and ACK/NACK multiplexing mode. ACK/NACK bundling can support UE with coverage issue, while ACK/NACK multiplexing is designed for better throughput performance. In the following, some issues of the current ACK/NACK multiplexing are discussed: 

1) ACK/NACK multiplexing is worse than bundling when scheduling 1 subframe using MCW MIMO

In ACK/NACK bundling mode, one significant benefit that 2 bits ACK/NACK could be transmitted if only 1 subframe using MCW-MIMO is scheduled. However, such a good property doesn’t exist in ACK/NACK multiplexing mode, only 1 ACK/NACK bit could be transmitted, which is the logical AND of the 2 ACK/NACK bits for the two codewords. 

Hence the current ACK/NACK multiplexing is not optimized for throughput in this case. 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. 

2) No much difference between ACK/NACK multiplexing and bundling for M=2

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. 

3) DAI is a wasted information for ACK/NACK multiplexing

DAI is anyway existed in downlink grant, but it is not used in current ACK/NACK multiplexing in PUCCH. Why not use it for free? Otherwise it is some wasted information. 

2.2 Advantage of the refined ACK/NACK multiplexing

Table 1 provides a comparison of ACK/NACK bundling, current ACK/NACK multiplexing and refined ACK/NACK multiplexing for M=2. And the observation here are held for M=3 and M=4 case too. 

1) Current ACK/NACK multiplexing is worse than ACK/NACK bundling in the case 3 & 4 (red in the table). i.e. when eNodeB does MIMO trasmission in only 1 subframe. But, refined ACK/NACK multplexing has equal performance to ACK/NACK bundling in the 2 cases; 

2) In case 6, more than 2 bits ACK/NACK information is transmitted in refined ACK/NACK multiplexing hence it has the best performance in case 6.  

Table 1: Comparison of A/N bundling, current A/N multiplexing and refined A/N multiplexing
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More analysis has been done for the refined ACK/NACK multiplexing, the following good properties are observed: 

1) Refined ACK/NACK multiplexing is always better than or equal to current ACK/NACK multiplexing;

2) Refined ACK/NACK multiplexing is always better than or equal to ACK/NACK bundling;

3) DAI is used in the refined ACK/NACK multiplexing, hence better performance could be achieved and there are no wasted information;
4) No error cases for ACK/NACK multiplexing, but ACK/NACK bundling has
In current design of ACK/NACK multiplexing, all error cases are resolved; however, for ACK/NACK bundling, there still existed some error cases for SR + ACK/NACK and CQI + ACK/NACK. The good character is also true for refined ACK/NACK multiplexing, since the same error handling schemes are reused. 
5) Easy configuration and less control signalling
The refined ACK/NACK multiplexing is better than bundling in error case handling, and is better than or equal to bundling in throughput, so ACK/NACK multiplexing is always the better choice for UE without coverage issue. Thus eNodeB may simple configure all UE without coverage issue in ACK/NACK multiplexing mode, and only configure ACK/NACK bundling for the UE with coverage problem. 
However, by current ACK/NACK multiplexing, besides the ACK/NACK mode switching due to coverage problem, additional mode switching is needed for user without coverage problem. Specifically, when UE is scheduled 1 subframe using MCW MIMO, ACK/NACK bundling is better; while ACK/NACK multiplexing is better when UE is scheduled 2 or more non-MIMO subframes. 
Hence, by the refined ACK/NACK multiplexing, it significantly simplifies the configuration procedure and lead to less control signaling overhead. We see this is a big advantage of the refined scheme. 

Based on the analysis above, we see the refined ACK/NACK multiplexing mode is a better choice for TDD. 

3 Description of refined ACK/NACK multiplexing scheme

As is proposed in [3], we may refine the current ACK/NACK multiplexing based on DAI. The procedure of the refined scheme is: 

1) If UE receives the dynamic PDSCH transmission in a downlink subframe with DAI=0, and feedback information of other subframes are NACK or DTX, then UE could simply transmit 1 or 2 ACK/NACK bits for the subframe with DAI=0, which implicitly means feedback for other subframes are NACK/DTX. 
2) Otherwise, one ACK/NACK bit is generated for each subframe, and then PUCCH format 1b with channel selection is used for ACK/NACK transmission, which is similar to current ACK/NACK multiplexing [1]. 

Note: The case that UE only receives semi-persistent PDSCH is handled in step 2). It consists of two scenarios, eNodeB only transmits semi-persistent PDSCH to UE, or eNodeB transmits both semi-persistent PDSCH and dynamic PDSCH, but UE miss all dynamic PDSCH. 

By this refined scheme, 2 bits ACK/NACK could be transmitted if eNodeB only schedules dynamic PDSCH in one subframe. Actually, the refined scheme is more beneficial. Even when eNodeB transmits PDSCH in multiple subframes, 2 bits ACK/NACK for dynamic PDSCH in subframe with DAI=0 can be transmitted if only the feedback for other subframes are NACK or DTX. 
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 related to QPSK constellation point. Denote the bundling window size as M, a subframe index k where UE receive PDSCH and its related ACK/NACK channel
[image: image5.wmf])

1

(

k

PUCCH,

n

, 0<k<M. 

1) If dynamic PDSCH is scheduled in subframe k and DAI=0, and all the 4 states
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 may be used for 2 ACK/NACK bits feedback in step 1), then the 4 states cannot be reused for the following ACK/NACK information in step 2), i.e. there is no PDSCH transmission in subframe 0~k-1, the feedback for subframe k is ACK or NACK, and At least 1 feedback for subframe k+1…N-1 is ACK. 

2) If subframe k is not the subframe with DAI=0, all the 4 states 
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  can be used in step 2). 

3) If semi-persistent data is transmitted in subframe k, and it is the only subframe BS transmitted, 2 states of 
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3.1 ACK/NACK for subframe with DAI=0 in step 1)
Denote the index of subframe with DAI=0 as k, related A/N channel as 
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, UE will transmit 1 or 2 ACK/NACK bits for subframe k on the ACK/NACK resource 
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 using PUCCH format 1a and PUCCH format 1b, respectively; meanwhile, NACK/DTX for other subframes is implicitly transmitted. Table 5.4.1-1 in 36.211v8.4.0 for PUCCH format 1a and 1b could be reused here. 
3.2 PUCCH format 1b with channel selection in step 2)
In this section, we provide mapping schemes for step 2). Table 2 for M=2 and Table 3 for M=3 are directly derived from Table 10.1-2 and Table 10.1-3 in [1]. The duplicated items already handled by step 1) are deleted. And NACK mapping to DTX are completely avoided [2]. 

The case UE only receive semi-persistent PDSCH are handled in step 2). E.g. in Table 2, row 1 and row 2 handle the case that UE only receives semi-persistent PDSCH in the first subframe; and row 5 and row 6 handle the case that UE only receives semi-persistent PDSCH in the second subframe.

Table 2: Transmission of ACK/NACK multiplexing M = 2
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Table 3: Transmission of ACK/NACK multiplexing for M = 3

	HARQ-ACK(1), HARQ-ACK(2), HARQ-ACK(3)
	
[image: image19.wmf])

1

(

PUCCH

n


	
[image: image20.wmf])

1

(

),

0

(

b

b



	ACK, NACK/DTX, NACK/DTX
	
[image: image21.wmf])

1

(

PUCCH,1

n


	1, 1

	NACK, NACK/DTX, NACK/DTX
	
[image: image22.wmf])

1

(

PUCCH,1

n


	0, 0

	ACK, ACK, ACK
	
[image: image23.wmf])

1

(

PUCCH,2

n


	1, 1

	ACK, ACK, NACK/DTX
	
[image: image24.wmf])

1

(

PUCCH,2

n


	1, 0

	ACK, NACK/DTX, ACK
	
[image: image25.wmf])

1

(

PUCCH,3

n


	1, 1

	NACK/DTX, ACK, ACK
	
[image: image26.wmf])

1

(

PUCCH,3

n


	1, 0

	NACK/DTX, ACK, NACK/DTX
	
[image: image27.wmf])

1

(

PUCCH,2

n


	0, 0

	NACK/DTX, NACK/DTX, ACK
	
[image: image28.wmf])

1

(

PUCCH,3

n


	0, 0

	DTX, DTX, NACK
	
[image: image29.wmf])

1

(

PUCCH,3

n


	0, 1

	DTX, NACK, NACK/DTX
	
[image: image30.wmf])

1

(

PUCCH,2

n


	1, 0

	DTX, DTX, DTX
	N/A
	N/A


For M=4 case, since the amount of feedback information is larger than the available states (16 states plus DTX) of 4 ACK/NACK channels, the scheme proposed in [4] could be used to get more states. As is proposed in [4], the refined ACK/NACK channel is only needed when eNodeB transmits PDSCH in 3 or more subframe and meanwhile the last subframe is used for transmission. A mapping method is provided in Table 4. 

As is shown in the last row in Table 4, (DTX, DTX, DTX, NACK) is also mapped to N/A, however, it has neglectable impact on DTX detection. For (DTX, DTX, DTX, NACK), eNodeB must have transmitted PDSCH in at least 1 of the first 3 subframes and UE does miss the one subframe, otherwise it will be handled by step 1). Hence (DTX, DTX, DTX, NACK) is happen only with very low probability, e.g. 1e-2. Such a low level of NACK mapping to DTX will not be a issue for DTX detection. For semi-persistent PDSCH, eNodeB could avoid allocating it in the last subframe.
Table 4: Transmission of ACK/NACK multiplexing for M = 4
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4 Conclusion

In this document, we provide further analysis on the refined ACK/NACK multiplexing scheme using DAI information. By this scheme, 1 or 2 ACK/NACK bits for the subframe with DAI=0 could be transmitted for better performance, so we proposed to agree on this refined solution, and corresponding CR is also provided. 
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