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1 Introduction

In RAN1#61bis, the following were agreed for HARQ-ACK and RI multiplexing in the PUSCH:

· For up to 2 bits A/N (at least for single DL CC), reuse Rel-8 coding scheme

· For 3-11 (if needed) bits RI and A/N, reuse Rel-8 RM PUSCH UCI block code 

· If it is decided to be necessary to transmit more than 11 bits RI, code and number of bits at which the code switches is FFS

· Note: exact max number of RI bits to be supported is FFS. 

This contribution considers the remaining aspects for the support of HARQ-ACK and RI transmission in the PUSCH and addresses the FFS points from RAN1#61bis 
2 HARQ-ACK and RI Multiplexing in PUSCH for DL CA
2.1 Resource Determination
The use of the (32, O) Reed-Mueller block code can be extended to support larger payloads for the HARQ-ACK and the RI. If time-domain bundling is not applied for TDD and the maximum of 40 HARQ-ACK bits needs to be supported, convolutional coding, in addition to block coding, will also need to be defined. Moreover, the Rel-8 HARQ-ACK multiplexing rules may need to be modified as it may be always possible to support large HARQ-ACK payload with target BER at or below 0.1% using only the 2 DFT-S-OFDM symbols around the RS in each slot. 
In Rel-8, the amount of coded HARQ-ACK or RI symbols 
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 is inversely proportional to the PUSCH spectral efficiency (SE) scaled by a semi-statically configured offset 
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 to decouple the variable PUSCH BLER from the fixed HARQ-ACK BER (e.g. 0.1%). Ignoring for now that 
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 should not exceed the ones in 4 DFT-S-OFDM symbols,  
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 is the HARQ-ACK or RI payload, 
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 is the data modulation order and 
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 is the data code rate defined as 
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 where 
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 is the total number of code blocks and 
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 is the number of bits for code block number r.
The previous resource determination for 
[image: image10.wmf]ACK

HARQ

Q

-

¢

 is appropriate for the 1-bit HARQ-ACK and largely appropriate for the 2-bit HARQ-ACK. However, for more than 2 HARQ-ACK bits, it fails to capture the coding gains and a simple scaling of the resources as if repetition coding was applied is not appropriate. It is noted that the (3, 2) simplex code used for the 2-bit HARQ-ACK transmission also has coding gain over repetition coding but this coding gain is somewhat less than 1 dB [2] which corresponds to somewhat less than 20% savings in the resources. However, using the (32, O) RM block code provides much more significant coding gains than the simplex (3, 2) code. 
Figure 1 shows the number of required REs per sub-frame as a function of the instantaneous SINR for 1-bit HARQ-ACK transmission (repetition coding) and 10-bit HARQ-ACK transmission (using (32, 10) RM codes) for HARQ-ACK BER of 1e-2. Repetition and puncturing of the (32, 10) RM code was applied as appropriate to fit in the respective number of REs. The simulation assumptions considered the ETU6 channel at 10 MHz, PUSCH transmission over 5 RBs with frequency hopping, QPSK, 1x2 SIMO, and realistic channel estimation. 
It can be observed that a linear increase of the HARQ-ACK resources with the number of HARQ-ACK bits, having as reference the 1-bit HARQ-ACK transmission using repetition coding, fails to account for the block coding gains and leads to overestimation of the HARQ-ACK resources almost by a factor of 2 which is substantial. This overestimation increases as the target HARQ-BER decreases (1e-2 was optimistically assumed in Figure 1). 

[image: image11.png]Number of HARQ-ACK REs per DFT-S-OFDM Symbol

HARQ ACK REs per DFT-S-OFDM Symbol for 1-bit (Repetltlon) and 10 bits ((32 10) RM Code).

-9- 1 bit, Repetltlon Coding i
=9~ 10 bits, RM (32,10) Coding
=% 10 times 1-bit Resources

10° i i 1 i i

-4 3 2 - 0 1
SNR (dB)




Figure 1: Number of HARQ-ACK REs for 1 bit (repetition coding) and 10 bits (RM (32, 10)).
Therefore, 
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 should depend on the number of HARQ-ACK bits even in the case of 2 bits (
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) or, alternatively, a factor 
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 should be introduced to account for the block coding gains over repetition coding as a function of the payload of 
[image: image16.wmf]O

 bits. It is noted that no additional signaling is required. Therefore, the HARQ-ACK and RI (in case of more than 2 bits) resources should be determined as
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where 
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 is the gain of the block code over the repetition code for a payload of O bits. 

2.2 HARQ-ACK Payload and Coding Method
Regarding whether the Rel-8 coding scheme for 2 HARQ-ACK bits is applicable with CA depends on the cell-domain DL DAI design [3]. Without a cell-domain DL DAI it is not possible for the UE to know how many HARQ-ACK bits it is expected to feedback as it may miss DL SAs for PDSCH scheduling in one or more cells. Basically, without a cell-domain DL DAI, the UE will always have to feedback a number of HARQ-ACK bits determined by the number of configured cells (not active cells, in order to avoid activation/deactivation errors impacting HARQ-ACK reception) and, in case of no spatial bundling, the configured PDSCH transmission mode (TM) in each configured cell. Therefore, if the UE has 
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 configured cells and in 
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 cells the configured PDSCH TM requires HARQ-ACK feedback of 2 bits, the UE should always be transmitting a (possibly virtual) payload of 
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 bits. Therefore, with cell-domain DL DAI, the (32, O) RM code is likely to be used even if the actual HARQ-ACK payload is only 1 bit or 2 bits. 
With cell-domain DL DAI, several designs exist in order to inform the UE of the actual HARQ-ACK payload it is expected to transmit [3]. Then, the Rel-8 coding scheme for 1 or 2 HARQ-ACK bits is always applicable.  

Regarding whether coding for more than 2 bits is needed, this is obviously necessary for HARQ-ACK in order to utilize coding gains and reduce the overhead in the PUSCH (as in Rel-8 TDD). For the RI, even if using different PUCCH resources in time is the only mechanism for CQI/PMI/RI reporting (and there are significant reasons why it should not be [4]), collisions may occur in case of different reporting periods per cell. Then, the UE will have to support more than 2 RI bits in the PUSCH (assuming that transmission of some RI in the PUSCH and some RI in the PUCCH in the same sub-frame is not supported). Therefore, RM block coding should be used, when appropriate, regardless of the UCI type. 

3 Conclusions

This contribution considered the transmission of HARQ-ACK and RI in the PUSCH and proposes the following:

Proposal: The (32, O) block code is used to support HARQ-ACK or RI payloads of O > 2 bits. 
Proposal: For O > 2 bits, the number of HARQ-ACK or RI coded symbols 
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 is determined as 
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 is the gain of the block code over the repetition code. 
It is suggested that the existence and operation of a cell-domain DL DAI is first discussed before determining whether the Rel-8 coding scheme for 2 HARQ-ACK bits is applicable in case of CA.  
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