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1 Introduction

The determination for the number of coded symbols required for HARQ-ACK transmission in the PUSCH in conjunction with DL CA was discussed in RAN1#63 where two alternatives were identified for further consideration:
a) Account for the Reed-Muller coding gain, G(O), corresponding to a payload of O bits. 
b) Increase the range of available 
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 values to incorporate G(O) into the 
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This contribution is a revised version of R1-110076 and considers the applicability of these two alternatives for FDD and TDD. For simplicity, SIMO PUSCH is considered but the conclusions are the same for SU-MIMO PUSCH.
2 HARQ-ACK Resources in PUSCH for DL CA
The computation of the HARQ-ACK resources in the PUSCH in Rel.8 assumes repetition coding and as a result the required number of coded symbols scales linearly with the HARQ-ACK payload of O bits. With the use of the (32, O) Reed-Muller (RM) block code (single or dual), the coding gain over repetition coding can be significant especially for target BLERs below 1e-2 [1]. As a result, the assumption of repetition coding results to an overestimation of the required number of PUSCH resources for HARQ-ACK multiplexing that is several times larger than the one needed to meet the desired HARQ-ACK reliability requirements, thereby resulting to throughput loss. 
The first alternative to address this issue is simply to account for the RM coding gain in the HARQ-ACK resource determination formula and (for SIMO PUSCH) the number of HARQ-ACK coded symbols can be obtained as
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where 
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 is the gain of the RM code over the repetition code for a HARQ-ACK payload of O bits and the remaining parameters are as defined in [2]. 

Although the objective of avoiding an unnecessary increase of the HARQ-ACK overhead in the PUSCH is achieved by specifying a small number of 
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 values for some indicative payloads of O bits, as small changes in O result to very small changes in 
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, the full range of 
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 is captured with a vector of size smaller than 20 and this is a trivial issue. 

The second alternative to address the above problem is to extend the range of the Rel.8 
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 values in order to absorb the 
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 value into the 
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For DL CA with FDD, the HARQ-ACK payload is semi-statically determined by the number of configured cells and the configured transmission mode (TM) per cell. Therefore, there is no functionality issue with absorbing the coding gain 
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, which is also semi-statically determined, in the 
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 value. It is noted that 
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 corresponds to the maximum HARQ-ACK payload determined under the assumption of HARQ-ACK transmission for every configured cell and its configured TM. This will still lead to an overestimation of the required resources as in many cases the eNB receiver knows that the UE has set an HARQ-ACK value as NACK (when the eNB does not transmit PDCCH to the UE for the respective cell and the UE does not have an SPS PDSCH reception) and can use this side information to improve the decoding performance. Nevertheless, this is a consequence of not having a DAI in the PDCCH scheduling PUSCH in case of CA (UL DAI) and therefore, overestimation of the HARQ-ACK resources is necessary in most cases. 
For CA with TDD, two alternatives are considered for determining the HARQ-ACK payload in the PUSCH [3]:

a) Use the UL DAI to determine the HARQ-ACK payload. 
b) Determine the HARQ-ACK payload according to the number of configured cells, the configured TM per cell, and the size of the bundling window.
With the first alternative, which is an extension of the Rel.8 operation single-cell to multi-cell operation, the HARQ-ACK payload is variable and therefore 
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 is variable. Then, 
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 can be set to its minimum value and the HARQ-ACK overhead in the PUSCH is reduced by the UL DAI dimensioning the HARQ-ACK payload of O bits. With the second alternative, the maximum HARQ-ACK payload is always assumed and the UL DAI is used to scale the number 
[image: image16.wmf]'

Q

 of the coded HARQ-ACK symbols to account for the fact that they may be overestimated as the actual HARQ-ACK payload may be smaller than the maximum one.
Therefore, for HARQ-ACK multiplexing in the PUSCH, the coding gain 
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 can be semi-statically computed and absorbed into the 
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 value for both FDD and TDD operation.

Table 1 gives the Rel.8 
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 values and the 
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 values that would result by absorbing 
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 for HARQ-ACK payload of 10 bits (for target BLER of 0.1%, 
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). As it can be observed, the first 5 
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 values after incorporating 
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 are smaller than the Rel.8 minimum value. This number of values will further increase for TDD systems supporting HARQ-ACK payloads of up to 20 bits (due to 
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). 
Table 1: Rel.8 HARQ-ACK offset values and Rel.8 HARQ-ACK offset values normalized by 
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	0
	2.000
	0.667

	1
	2.500
	0.833

	2
	3.125
	1.042

	3
	4.000
	1.333

	4
	5.000
	1.667

	5
	6.250
	2.083

	6
	8.000
	2.667

	7
	10.000
	3.333

	8
	12.625
	4.208

	9
	15.875
	5.292

	10
	20.000
	6.667

	11
	31.000
	10.333

	12
	50.000
	16.667

	13
	80.000
	26.667

	14
	126.000
	42.000

	15
	reserved
	reserved


As 
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 is linked to the PUSCH BLER and as the smaller Rel.8 
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 values correspond to PUSCH BLERs of around 5%-10%, operating the PUSCH with such BLERs can lead to significant (e.g. >3x) resource overestimation for HARQ-ACK multiplexing with DL CA. Nevertheless, such BLERs are likely for CA UEs which typically do not have poor SINRs and are not coverage limited and may also target UL peak rates. Relatively low PUSCH BLERs are also required in order to ensure enough REs for the increased UCI payloads associated with DL CA (e.g. HARQ-ACK or aperiodic CSI).
One approach to somewhat resolve the requirement for introducing smaller 
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 values than specified in Rel.8 would be to use the one 
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 value reserved in Rel.8 and set it to a value smaller than 2, such as for example to a value of 1. The advantage of this approach is that it requires minimal changes to the existing specifications. The disadvantage is that significant resource overestimation (or underestimation) will still exist depending on the HARQ-ACK payload. 
Another approach to practically resolve the requirement for introducing smaller 
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 values than specified in Rel.8 would be to increase the number of bits for the 
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 values from 4 to 5 with most of the additional values being larger than or equal to a minimum value, such as 0.667 for a maximum payload of 10 HARQ-ACK bits, and being smaller than 2. This approach will also improve the granularity of 
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 values to account for different values of 
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Finally, another approach that maintains the 4 bits representation of the 
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 values (as in Rel.8) would be to redefine these values for DL CA so that they capture the range of 
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 values for the possible HARQ-ACK payloads. However, this will introduce some granularity/accuracy loss for the 
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 values with DL CA relative to the Rel.8 ones, particularly for TDD systems.
3 Conclusions

This contribution considered the incorporation of the coding gain of the RM code over the repetition code in the resource determination for HARQ-ACK multiplexing in the PUSCH in order to avoid the throughput loss associated with over-dimensioning the HARQ-ACK resources by assuming a repetition code. This can be achieved either by normalizing the HARQ-ACK resources obtained assuming a repetition code (as in Rel.8) with the coding gain of the RM code over the repetition code or by extending the range of the 
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 values for DL CA to include smaller values than in Rel.8 in order to incorporate the coding gain of the RM code over the repetition code. 
Proposal: Normalize the number of HARQ-ACK coded symbols obtained assuming the Rel.8 formula by the coding gain of the RM code over the repetition code for the respective HARQ-ACK/RI payload or extend the range of the Rel.8
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 values to include smaller values. 
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