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1. Introduction

For TDD, depending on the UL:DL configuration, ACK/NAK reports of 0,1,2,3,4 or 9 DL subframes from a single UE may need to be transmitted in an UL subframe. There is two ACK/NAK transmission modes,

· Bundling

It means that the ACK/NAKs of several assigned DL subframes are combined into a single ACK/NAK through an “AND” operation. It has been agreed.

· Multiplexing

It means that a more rich ACK/NAK feedback report in the form of ACK/NAK reports of individual DL subframes shall be transmitted. It is FFS how to transmit “multiplexing” ACK/NAK on PUCCH and PUSCH.

This contribution focuses on how to feedback “multiplexing” ACK/NAK on PUSCH. We need to consider following questions:

· “Multiplexing” ACK/NAK payload size

· Linkage between PUSCH MCS and the amount of ACK resources, in other words, it is to simultaneously assure data and ACK/NAK performance 

· Coding scheme

According to our simulation results, we think that (32,O) Reed-Muller coding may be enough to assure that ACK/NAK BER target could be achieved while data BLER requirement is fulfilled. Maximum 4 bits and the same ACK/NAK location as FDD is assumed.

2. Discussion and simulation assumptions
For question 1, in [1], following Table 1 shows the supported number of ACK/NAK bits, for different DL/UL ratios. Overall, the maximum number of multiple ACK/NAK bits is 4. For DL MIMO mode in DL/UL ratio of 3 or 4, ACK/NAK sub-bundling is proposed to reduce the number of multiple ACK/NAK bits. 
Table 1: Number of Multiple ACK/NAK Bits

	Number of DL subframes associated with 1 UL subframe
	Maximum number of ACK/NAK bits

	
	Non-spatial multiplexing
	Spatial multiplexing

	
	Pure Bundling
	No Bundling
	Pure Bundling
	Spatial Sub-bundling

	2
	1
	2
	2
	2

	3
	1
	3
	2
	3

	4
	1
	4
	2
	4

	9
	1
	4
	2
	4


For question 2 &3, Reed-Muller coding is considered. 

For question 4, there is two options：CQI location like FDD and ACK/NAK location like FDD. We think that the latter is more desirable due to better channel estimation performance.

The simulation assumptions are given in Table 2. Simulation results are available in the section 3.

Table 2: Simulation assumptions
	Parameter
	Assumption

	Bandwidth
	5MHz

	Scheduled RBs
	25

	CP Length
	Normal

	SRS location 
	No SRS

	Number of transmit antennas
	1

	Number of received antennas
	2

	Frequency hopping
	OFF

	Channel model
	TU

	UE speed
	3km/h

	Channel estimation
	Realistic

	The number of bits for Rank
	0 

	The number of bits for CQI
	0 

	The number of bits for multiple ACK
	4

	Multiple ACK location
	Same as FDD

	Multiple ACK coding scheme
	RM(32,4)

	Data MCS
	QPSK and 1/3 code rate
QPSK and 1/2 code rate

16QAM and 1/3 code rate
16QAM and 1/2 code rate

	Data BLER
	10%-50%

	A/N BER
	0.1%-0.01%


3. Simulation results
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Figure 1 : （32，4） BER of ACK and BLER data
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Figure 2 : （64，4） BER of ACK and BLER data
In figure 1&2, (64, 4) is attained through the repetition of (32, 4). From figure 1, we found that when data BLER of 10% is achieved, ACK/NAK BER 0.1% is also fulfilled. We also found that (64, 4) can improve ACK/NAK performance greatly meanwhile data’s is not decreased. In figure 2, we found, when data BLER of 50% is achieved, ACK/NAK BER 0.1% could be achieved also. 

So, we propose that (64, 4) is used to assure ACK/NAK performance when data BLER of 20~50% is used. Whether (64, 4) or (32, 4) is decided by eNodeB according to data BLER target. 1 bit RRC signaling is needed. 

4. Conclusion

Based on the simulation results, for “multiplexing” ACK/NAK transmission on PUSCH, we propose to

· Adopt Reed-Muller coding while maximum payload size is 4. 

· There is two options：Reed-Muller coding is only applicable to 3/4bits ACK/NAK or, Reed-Muller coding is applicable to 1/2/3/4bits ACK/NAK. These two options are both OK for us. 

· Use 1 bit RRC signalling to inform UE whether (64, O) or (32, O)
· Use (64, O) when data BLER requirement is 20~50%
· Use (32, O) when data BLER is 10%
· Punctured resource location is same as FDD
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