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1. Introduction

At RAN1 #62, it was agreed that slow codebook adaptation is adopted for PUCCH Format 3 [1].
Codebook selection based on configured CCs and configured transmission modes for each CC

At RAN1 #62bis [2]

 REF _Ref281924690 \r \h 
[3], it was further agreed that the ordering and coding of ACK/NACK bits for PUCCH Format 3 is according to section 5.2.3.1 in [4].
If one ACK is decoded by the UE as a NACK, one useless retransmission will happen and thus system throughput performance decreases. For the case of NACK to ACK error, when a NACK is mistaken as an ACK, this will trigger an RLC retransmission which would increases the maximum delay. For PUCCH Format 3, Reed-Muller (RM) Code is adopted as its channel coding. The performance of the Reed-Muller code depends on the weights of the RM basis sequences [3]. Therefore, depending on the activated Component Carrier (CC), the deviation of the ACK/NACK performance between codewords would yield unequal performance and cause unfairness. In addition, if bundling is configured, the performance deviation between different ACK/NACK bits would affect more than one codewords thus make the situation of unfairness worse.
In this contribution, we present our view on PUCCH Format 3 ACK/NACK performance equalization.
2. PUCCH Format 3 Encoding
The ACK/NACK bits input to the channel coding block are denoted by 
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. The ACK/NACK inputs bits are obtained by concatenate the ACK/NACK bits for each configured CC. ACK bits are encoded as ‘1’ and NACK or the ACK/NACK bits for the codewords that correspond to de-actived CCs are encoded as ‘0’. For example, if the configured CC is 5 and the activated CC is CC1 and CC3, then the concatenated ACK/NACK bits are 
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. The ACK/NACK message is first encoded using a RM(32, O) block code. The code words of the RM(32, O) block code are a linear combination of the O basis sequences denoted Mi,n and defined in Table 5.2.2.6.4-1 of [6]. The encoded block is denoted by 
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 where i = 0, 1, 2, …, B-1.
(1)

The output bit sequence 
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 is obtained by circular repetition of the sequence 
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. For DFT-S-OFDM based CA PUCCH with SF=5, M=48 coded bits are needed thus the effective codebook is RM(48, O).
3. Dynamic RM basis sequence mapping
In order to equalize the ACK/NACK BERs, the ordering of the concatenated ACK/NACK bits are dynamically reordered/shuffled before the RM encoder. This would map the ACK/NACK bits to different RM basis sequences dynamically. Since the synchronization between eNB and UE, eNB can decode the ACK/NACK bits then perform de-ordering using corresponding de-ordering patterns. There could be many alternatives for the reordering/shuffling. One example is shown in Fig. 2 where a cyclic shuffling pattern is performed across activated CCs. The shuffling pattern depends on the subframe number thus is dynamically changed. In this example, 5 CCs are configured and each CC has 2 ACK/NACK bits. The activated CCs are CC1 and CC3.
      Proposal:
· The ACK/NACK bits for PUCCH format 3 in carrier aggregation system should be reordering before channel encoding to equalize ACK/NACK performance.
4. Performance Analysis
In this contribution, we compare the performance of the link-level HARQ-ACK BER w/o ACK/NACK performance equalization.  Simulation assumptions and detailed link-level performance result for carrier aggregation system are provided in the Appendix. In Fig. 3, the solid lines are used to denote Pr(NACK/DTX ( ACK) whereas the dotted lines are for Pr(ACK (NAK/DTX). In order to compare the ACK/NACK BER w/o performance equalization, the BER variance in dB scale is first computed across individual ACK/NACK bits for a given RM basis then Mean BER variance in dB scale is obtained by averaging BER variance across all possible choices of RM basis sequences. Fig. 1 shows the Mean BER variance w/o reordering for activated CC = 2, 3, 4 and 5 respectively. The required operating SNR is determined based on the following criterions: (1) Freq(DTX(ACK bits)
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1%, (2) Pr(NACK/DTX(ACK) 
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0.1% and (3) Pr(ACK(NACK/DTX) 
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1%. It can be seen that, after the ACK/NACK performance equalization, the Mean BER variance can be reduced by approximately 5 dB at the operating SNR points for EPA 3km/hr channel.
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Figure 1, BER ratio comparisons w/o HARQ-ACK equalization
5. Conclusions

In this contribution, the performance of PUCCH Format 3 HARQ-ACK bits w/o performance equalization is evaluated and compared. Based on the evaluation results, we found that with the HARQ-ACK bits performance equalization, the BER deviation of each TBS can be reduced. Therefore, we propose
· The PUCCH Format 3 encoder should adopt the HARQ-ACK performance equalization.
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Figure 2, Dynamic cyclic reordering/shuffling pattern

	  Parameters
	Value

	carrier frequency
	2.0 GHz

	Bandwidth
	10 MHz

	channel model
	EPA

	UE speed (km/h)
	3 km/h

	frequency hopping
	at slot boundary

	antenna setup
	1Tx 2Rx

	RX antenna correlation
	uncorrelated

	channel estimation
	practical

	CP type
	normal CP

	transmission schemes
	DFT-S-OFDM with SF=5

	signal bandwidth
	180 kHz

	Configured CC
	5

	ACK/NACK bits per CC
	2

	Detection Threshold
	Freq(DTX ( ACK bits) = 
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Table 1 Simulation Parameters

[image: image18.png]BER

activatedCC=2

—{0123}
——{0145}
s, —{2345}

s —{0167}
0.1 S,

3, —{2367}

{4567}
Q, ——{0189}
—{2389}

{4589}
{6789}
q' ===-{0123}
-{0145}
===-{2345}

0.01 %

===-{0167}

0.001 —==-{2367}

\ —==-{4567)

-{0189)
—==-{2389)
~---{4589)

0.0001 ~=--{6789}





[image: image19.png]BER

activatedCC=3

{012345)
S 012367}

S 014567}

AN — (234567}
0.1 S

012389}
(014589}
! S ——{234589}

\ \‘ 016789}
N

Y ——1{236789}

9
\ .

456789
0.01 N N { i

N\ Py, ——--{012345}
\ “, —==-{012367}
\ —==-{014567)
\ —==-{234567)
\ —==-{0123809}
0.001 —==-{0145809}

\ —=--{234589}

~---{016789}

016789}
~---{236789}
(456789}

0.0001
14 12 -10 E K3 4





[image: image20.png]BER

activated CC =4

—{01234578}
—1{01234589}
——{01236789}
—{01456789}
——1{23456789}
===-{01234567}
===={01234589}
===={01236789}
~==-{01456789}
===={23456789}

0.1

0.01

0.001

0.0001





[image: image21.png]BER

activatedCC=5

0.1

001 N

{0123456789}
N, ===-{0123456789}

0.001 LN

0.0001





Figure 3, Link-level Simulation Result
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