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1 Introduction

The HARQ-ACK transmission power in the PUCCH for DL CA was concluded in RAN1#63 for both PUCCH Format 3 and HARQ-ACK multiplexing using PUCCH Format 1b. However, the discussion focused on the case that no spatial-domain or time-domain bundling is applied to the HARQ-ACK transmission which is the case for FDD but it may not be always the case for TDD. 
This contribution considers the HARQ-ACK transmission power in the PUCCH for DL CA in case spatial-domain bundling is applied for PUCCH Format 3 and spatial-domain and time-domain bundling are applied for HARQ-ACK multiplexing using PUCCH Format 1b.
2 Transmission power with HARQ-ACK Bundling
The UE transmission power
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in the PUCCH in sub-frame i is defined by [1]
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where the associated parameters are defined in [1] with 
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 denoting the number of TBs received by the UE in response to which the UE transmits the HARQ-ACK information and 
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 = 1 if the UE is configured SR transmission in sub-frame 
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; otherwise 
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It is noted that for a TDD system it is possible to also account for PDCCH that are missed by the UE (NACK is then transmitted) using the DAI IE in the PDCCH scheduling PDSCH (DL DAI IE). The DL DAI IE design in case of DL CA has not yet been concluded – e.g. it can be a parallelization of the Rel.8 DAI design or it can operate jointly across sub-frames and cells [2].  

For PUCCH Format 3 with spatial-domain HARQ-ACK bundling, it needs to be first decided whether the spatial-domain bundling:

a) Applies over all sub-frames and all configured cells with a configured TM enabling reception of 2 TBs, or 
b) Applies so that the HARQ-ACK payload is reduced to the maximum supportable one of 20 bits.
In the former case for HARQ-ACK spatial-domain bundling, 
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 can determined by the number of received PDCCH scheduling PDSCH reception at the UE (DL Scheduling Assignments). Therefore, if 
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 is the number of DL Scheduling Assignments (DL SAs), then 
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(for simplicity, the presence of SPS PDSCH in the Pcell is ignored; otherwise it should be included in the computation of 
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). 
If the DAI IEs in the DL SAs are used to determine some or all of missed DL SAs, 
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, then
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provides a more accurate and often exact representation of the required transmission power for PUCCH Format 3 (this is not possible for FDD systems as a DAI IE does not exist in DL SAs). The use of the DL DAI to identify the number of transmitted TBs to the UE can also be used in case of no spatial domain bundling.

As CA in TDD may involve man more PDCCH transmissions than in FDD, the probability of missing one PDCCH becomes considerable. For example, for 2 cells and bundling window size of 4 sub-frames, the probability that 1 out of 8 PDCCH is missed is 7.5%, the difference in required SINR to transmit 14 instead of 16 bits is 0.5 dB and, for actual HARQ-ACK payload of 16 bits, the PUCCH Format 3 BLER increases by a factor of about 2.5 [3]. Then, if the missed TBs are not considered, the PUCCH Format 3 BLER exceeds the target one by 10%.
In the latter case for HARQ-ACK spatial-domain bundling, if the UE receives a total of 
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 TBs and applies spatial-domain bundling to 
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 pairs of TBs, with 
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, then 
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If the DAI IEs in the DL SAs are used to determine some or all of missed DL SAs corresponding to 
[image: image17.wmf]1

,

mTBs

ACK

HARQ

n

-

 TBs for which spatial-domain bundling applies to 
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 pairs of TBs, with
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For HARQ-ACK multiplexing using PUCCH Format 1b with spatial-domain bundling and time-domain bundling (Mode b), 
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 is simply equal to the number of bits the UE is transmitting (the exact method and the representation for this number of bits has not yet been decided).  
3 Conclusions

This contribution considered the determination of the PUCCH transmission power in case of HARQ-ACK spatial-domain bundling for Mode 1 and Mode b.

As the exact method for HARQ-ACK spatial domain bundling for PUCCH Format 3 has not yet been concluded, the respective transmission power was derived for both candidate methods. The DL DAI which may exist in PDCCH scheduling PDSCH may also be utilized to more accurately determine the required transmission power and achieve the HARQ-ACK BLER targets.
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