
3GPP TSG RAN WG1 #82bis
        

              R1-155447
Malmo, Sweden, October 5 – 9, 2015
Agenda item:
7.2.2.1.2
Source: 
Samsung 

Title: 



    HARQ-ACK Encoding and Rate Matching
Document for:
Discussion and Decision
1 Introduction

The coding of HARQ-ACK information payloads larger than 22 bits was discussed in RAN1#81 and RAN1#82 and the following were agreed.

Agreements:
· For a UE that transmits more than 22 HARQ-ACK/SR bits in a subframe in a CG on either PUCCH or PUSCH, 

· X-bit CRC is included in the HARQ-ACK transmission, X >= 8 

· Baseline X for evaluation purpose only: X=8

· Rel-8 TBCC and rate matching is used 

· FFS for a UE that transmits less than 23 HARQ-ACK/SR bits in a subframe in a CG on either PUCCH or PUSCH
Agreement:
· The number of CRC for more than 22 HARQ-ACK/SR bits is 8 bits

This contribution considers performance issues regarding the use of Rel-12 TBCC for encoding of HARQ-ACK information in a PUCCH and is a resubmission of R1-154115. 

2 HARQ-ACK Encoding and Rate Matching
In principle, due to the linearity property of convolutional codes, the distance and weight distribution is the same for all codewords. An upper bound on the bit error probability can be obtained as 
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 is the free distance of the code (minimum Hamming distance), 
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 is the sum of bit errors (information error weight) for error events of distance 
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 is the pair-wise error probability that depends on the channel (e.g. 
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 for AWGN, 
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 is the code rate). A convolutional code can correct up to 
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 errors. For the Rel-12 TBCC, 
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A requirement for proper operation of convolutional codes is to interleave the coded bits in order to avoid error bursts due to fading that can result to a number of successive coded bit errors larger than 
[image: image14.wmf]t

. However, interleaving has limited effectiveness for HARQ-ACK transmission in the PUCCH from low/medium speed UEs as there is practically no diversity in the time domain (unlike PBCH) and only limited diversity in the frequency domain as frequency hopping is limited to 2 RBs (unlike PDCCH). As a consequence, successive coded bits can experience similar fading.  

Figure 1 shows the Rel-12 TBCC and the rate matching in the circular buffer [1]. For the Rel-12 bit collection for TBCC, interleaved coded bits for the first parity stream 
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 are placed first, followed by ones for the second parity stream 
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 and for the third parity stream 
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. Therefore, unless the HARQ-ACK payload is small and/or the PUCCH resources large (multiple RBs) so that coded bits for all parity streams are repeated in both slots, coded bits for a parity stream can experience same fading.  
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Figure 1: Rel-12 TBCC and Rate Matching.
An additional consideration for HARQ-ACK encoding by TBCC is that with a large probability all, or nearly all, information bits can have the same value of 1 (all states are ACK). Without considering the presence of CRC bits, an input of all 1s results to an output of all 1s for each parity stream and the TBCC resembles a repetition code. For example, an input of all 1s and an input of all 1s except for a last bit being 0 will provide identical outputs except for the first bit of the second and third parity streams and the last 3 bits of each parity stream (due to tail-biting). Errors are then more likely to result if the PUCCH transmission experiences fading in one (or both) of the two slots of a subframe.  
The combined impact of limited channel interleaving, tail-biting, bit collection, and non pseudo-random HARQ-ACK values is evaluated for two indicative payloads corresponding to absence or presence of repetitions for each parity stream in each slot. Use of PUSCH and transmission in 1 RB per subframe is assumed but same analysis applies for possible new PUCCH formats based on PUCCH Format 3. A comparison with the case of a pseudo-random HARQ-ACK values is also considered. 

Figure 2 presents the BLER for a codeword of 48 and of 96 HARQ-ACK and CRC bits (8-bit CRC is assumed), transmission in 1 RB, EPA3 channel, and for all HARQ-ACK bits being either equal to 1 or being pseudo-random. For a codeword size of 48 bits, each parity stream is mapped on both slots. At 1% BLER, the degradation due to the fixed HARQ-ACK values is ~0.3 dB. For a codeword size of 96 bits, the first and third parity streams are mapped on only one slot. At 1% BLER, the degradation due to the fixed HARQ-ACK values is ~0.8 dB.    
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Figure 2: BLER 48 and for 96 HARQ-ACK bits with all 1s values and with pseudo-random values – EPA3.
Figure 3 presents the BLER for a codeword of 48 and of 96 HARQ-ACK and CRC bits (8-bit CRC is assumed), transmission in 1 RB, ETU3 channel, and for all HARQ-ACK bits being either equal to 1 or being pseudo-random. For a codeword size of 48 bits, each parity stream is mapped on both slots. At 1% BLER, the degradation due to the fixed HARQ-ACK values is ~0.5 dB. For a codeword size of 96 bits, the first and third parity streams are mapped on only one slot. At 1% BLER, the degradation due to the fixed HARQ-ACK values is ~1.0 dB.    
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Figure 3: BLER 48 and for 96 HARQ-ACK bits with all 1s values and with pseudo-random values – ETU3.
Observation: A random HARQ-ACK payload can outperform an all-1s HARQ-ACK payload by as much as ~1 dB. 
Based on the above evaluations and observation, the following is proposed.
Proposal : Apply pseudo-random scrambling to the HARQ-ACK information bits prior to encoding.
3 Conclusions

This contribution considered encoding and rate matching for HARQ-ACK using TBCC. In particular, the following are observed.
Observation 1: A random HARQ-ACK payload can outperform an all-1s HARQ-ACK payload by as much as ~1 dB. 

Based on the above observation and on the results in this contribution, the following is proposed.

Proposal 1: Apply pseudo-random scrambling to the HARQ-ACK information bits prior to encoding.
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