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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. This is always the case for FDD but it may not be always the case for TDD. As a consequence, the current specifications for the HARQ-ACK transmission power in the PUCCH are explicitly limited to the case that HARQ-ACK bundling does not apply [1].
This contribution considers the HARQ-ACK transmission power in the PUCCH for DL CA in TDD systems in case spatial-domain bundling is applied for PUCCH Format 3 or in case 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] in case spatial domain bundling is not applied. 
In TDD it is possible to account for TBs the UE misses due to missed PDCCHs using the DAI IEs in PDCCHs received by the UE (DL DAI IEs) - one or two NACKs are then transmitted depending on the configured transmission mode (TM) and on whether bundling is applied. The use of the DL DAI IEs provides a more accurate and often exact representation of the required transmission power and can be used regardless of spatial domain bundling. 
As HARQ-ACK transmission with CA in TDD may involve many more PDCCHs than in FDD, the probability of missing one or more PDCCHs is not negligible. 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% (for uncorrelated PDCCH misses), 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 [2]. The underestimation of the required transmission power is larger in case of PUCCH Format 1b with channel selection due to the larger percentages in possible variations between actual and estimated HARQ-ACK payloads [3]. In practice, missing several PDCCH is a bigger issue for TDD due to the much larger channel correlation in the time domain (particularly for the low speeds of interest) than in the CC domain.  

PUCCH Format 3

For PUCCH Format 3 with spatial-domain HARQ-ACK bundling, this bundling applies over all sub-frames and all configured cells with a configured TM enabling reception of 2 TBs. Assuming that a UE receives 
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 TBs correspond to PDSCH receptions each conveying 2 TBs, then
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If the DL DAI IEs are used to determine missed DL SAs corresponding to 
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 TBs from which spatial-domain bundling would apply (based on the configured TM) to 
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 pairs of TBs, then
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A simpler way to express the above, is to consider only the received PDCCH (scheduling PDSCH or SPS release) since even if a PDCCH schedules reception of 2 TBs, only 1 HARQ-ACK bit is transmitted in case of spatial domain bundling. Potential SPS transmission in the Pcell during the bundling window that is not associated with a PDCCH can be separately accounted using the 
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 term [1]. Therefore, if 
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 is the number of received PDCCH scheduling PDSCH and SPS release, then 
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where 
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 if there is SPS PDSCH transmission to the UE in the bundling window without a corresponding PDCCH; otherwise, 
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If the DL DAI IEs are used to determine 
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 missed PDCCHs then, for 
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 configured cells to the UE, 
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  (4),
where 
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 is the DL DAI IE value in the last received PDCCH in the bundling window for serving cell 
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. 
HARQ-ACK Multiplexing with Channel Selection

For HARQ-ACK multiplexing with channel selection in case of 2 cells and sub-frame bundling window size M > 1, spatial and time domain (for M > 2) bundling apply (Mode b) regardless of the actual number of received TBs. The maximum number of HARQ-ACK bits is 4 (there are 16 states in the mapping tables, overlapping HARQ-ACK states constitute a single HARQ-ACK state). 
Similar to PUCCH Format 3, 
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 can be computed as in Equation (3). To avoid underestimation of the required transmission power and the associated performance loss (which can typically be more significant in case of channel selection), the DL DAI IEs can again be used. Then,
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      (5).
In case of 2 cells and sub-frame bundling window size M = 1, the operation is effectively the same as for an FDD system, no bundling is used, and the current description in [1] applies.
3 Conclusions

This contribution considered the determination of the PUCCH transmission power in TDD systems in case of HARQ-ACK spatial-domain bundling for Mode 1 (PUCCH Format 3) and Mode b (PUCCH Format 1b with channel selection). The following are proposed:
Proposal 1: For PUCCH Format 3 and spatial domain bundling, 
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 where 
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 is the DL DAI IE value in the last received PDCCH in the bundling window for serving cell 
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Proposal 2: For PUCCH Format 1b with channel selection and spatial domain bundling, 
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 is the DL DAI IE value in the last received PDCCH in the bundling window for serving cell 
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Update for Specifications

For TS36.213, the specifications should include the following text in section 5.1.2.1. 
 SHAPE  \* MERGEFORMAT 
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In case HARQ-ACK bundling is applied and the UE is configured with more than one serving cell, then


For PUCCH format 1b with channel selection 


� EMBED Equation.3  ���


For PUCCH format 3 


� EMBED Equation.3  ���


where � EMBED Equation.3  ��� is the DL DAI IE value in the last received PDCCH in one of the subframes � EMBED Equation.3  ���where � EMBED Equation.3  ��� and � EMBED Equation.3  ��� for serving cell � EMBED Equation.3  ��� and � EMBED Equation.3  ��� if the UE receives an PDSCH without an associated PDCCH in one of the subframes � EMBED Equation.3  ���where � EMBED Equation.3  ��� and � EMBED Equation.3  ���; otherwise  � EMBED Equation.3  ���.
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