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1. Introduction  
In RAN1#64 meeting, the ordering and segmentation of HARQ-ACK bits for PUCCH format3 with dual RM were agreed [1]. But there are still some issues needed to be further considered:
2. Discussion
The ordering and segmentation of HARQ-ACK bits for PUCCH format3 with dual RM were agreed as follows : 
· Assume B is the number of downlink subframes that UE needs to feedback ACK/NACK bits, where the determination of B is FFS. The number of A/N bit to be reported for a given CC is B if single codeword is configured or spatial bundling is applied, otherwise 2B.

· For a given DL CC, the A/N bit(s) with corresponding PDCCH is associated with 
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if single codeword is configured or spatial bundling is applied, otherwise  and 
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for two codewords, where DAI(k) is DL DAI detected in subframe 
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. The A/N bit without corresponding PDCCH is mapped to the last one bit or the last two bits. The remaining A/N bits are set to NACK.
· Concatenate the A/N bits for all the configured cells with the ascending CC index to form the sequence {
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· When the number of A/N bits is larger than 11, the A/N bits with odd value of i and the A/N bits with even value of i are put into the two subcode blocks respectively. 
The merit of the agreed ordering and segmentation of A/N bits for PUCCH format3 with dual RM is to distribute the A/N bits with actual PDSCH transmission as evenly as possible into two RM code blocks. But in the special scenario when two CWs are configured and only one CW is scheduled or enabled, the A/N bits of scheduled CW or enabled CW is distributed into one RM code block and the performance of A/N is deteriorated. The occurrence of this specific scenario cannot be ignored. For example, the probability of one CW retransmission should be considered. Also, with practical CQI feedback condition, DCI format 1A could also be used in place of DCI Format 2C. 
With the above consideration, we note there are two methods to resolve this issue:
· Method-1: The ordering of A/N bits associated with one PDSCH is based on TB index and the segmentation of A/N bits is similar to the agreed scheme. i.e. For a given DL CC, the A/N bit(s) with corresponding PDCCH is associated with 
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if single codeword is configured or spatial bundling is applied, otherwise 
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if two codewords are configured, where the A/N bit of transport block 0 is 
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 and A/N bit of transport block 1 is 
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, and DAI(k) is DL DAI detected in subframe 
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. The A/N bit without corresponding PDCCH is mapped to the last one bit or the last two bits. The remaining A/N bits are set to NACK.
· Methed-2: The ordering of A/N associated with one PDSCH is based on the value of DAI and the segmentation of A/N is similar to the agreed scheme. e.g. For a given DL CC, the A/N bit(s) with corresponding PDCCH is associated with 
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if single codeword is configured or spatial bundling is applied, otherwise 
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if two codewords are configured, when the value of DAI(k) is odd , the A/N bit of codeword 0 is 
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 and the A/N bit of codeword 1 is 
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; when the value of DAI (k) is even, the A/N bit of codeword 0 is 
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 and the A/N bit of codeword 1 is
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, where DAI(k) is DL DAI detected in subframe 
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. The A/N bit without corresponding PDCCH is mapped to the last one bit or the last two bits. The remaining A/N bits are set to NACK.  
It was agreed that the enabled TB is mapped to CW0 when two CWs were configured and only one CW was enabled. The A/N bits of CW0 is distributed into one RM code block if the ordering of A/N bits associated with one PDSCH is based on CW index; the probability of distribution falling into one RM code is reduced if Method-1 is used. But Method-1 is not suitable for the scenario where only TB0 is enabled. With a little extra complexity, the A/N bits with actual PDSCH transmission is distributed as evenly as possible into two RM code blocks if Method-2 is used even in the special scenario described in section 2. From the performance view, we suggest that the method-2 should be adopted for the ordering and segmentation of A/N bits for PUCCH format 3 with dual RM. 
3. Simulation Parameters and Results
In this section, we evaluate the performance of the agreed scheme and suggested scheme described in section 2, simulation assumptions are provided in the Annex-A and detailed results of bit error rate performance are provided in the Annex-B. From the simulation results, we can conclude that
· In the special scenario described in the section 2, the performance of suggested scheme is better than the agreed scheme and the performance gap between suggested scheme and the agreed scheme is almost 3dB at BLER = 0.001;
· In the random scheduled scenario, the performance of suggestion scheme and the agreed scheme is similar;
4. Conclusions
The suggested ordering and segmentation of HARQ-ACK bits for PUCCH format3 with dual RM is as follows:

·  Assume B is the number of downlink subframes that UE needs to feedback ACK/NACK bits, where the determination of B is FFS. The number of A/N bit to be reported for a given CC is B if single codeword is configured or spatial bundling is applied, otherwise 2B.

· For a given DL CC, the A/N bit(s) with corresponding PDCCH is associated with 
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[image: image22.wmf]ACK

k

DAI

c

o

2

)

(

2

,

-

 and 
[image: image23.wmf]ACK

k

DAI

c

o

1

)

(

2

,

-

if two codewords are configured, when the value of DAI(k) is odd , the A/N bit of codeword 0 is 
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 and the A/N bit of codeword 1 is 
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; when the value of DAI (k) is even, the A/N bit of codeword 0 is 
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 and the A/N bit of codeword 1 is
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, where DAI(k) is DL DAI detected in subframe 
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. The A/N bit without corresponding PDCCH is mapped to the last one bit or the last two bits. The remaining A/N bits are set to NACK.  
· Concatenate the A/N bits for all the configured cells with the ascending CC index to form the sequence {
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· When the number of A/N bits is larger than 11, the A/N bits with odd value of i and the A/N bits with even value of i are put into the two subcode blocks respectively. 
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Annex A
Table (3) Simulation parameters
	Carrier frequency
	2.0GHz

	System bandwidth
	5MHz, FFT size is 512

	Channel model
	EPA

	Fading speed
	3km/h

	Antenna configuration
	1x2 

	Channel coding for HARQ-ACK
	dual RM

	Modulation
	QPSK 

	Channel estimation
	Practical 

	ACK/NACK bits
	20bits for configured 

10bits for scheduled


Annex B
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Figure 1: only schedule CW0                 Figure 2 random schedule
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