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1 Introduction

Most of the UL power control discussions for DL CA in RAN1 focused on the PUSCH transmission power control which is now practically complete. However, some aspects for PUCCH power control and for periodic/aperiodic SRS power control remain undefined.
For PUCCH transmission power control, as the PUCCH transmission is in one cell (Pcell) for any PUCCH format, no change is currently assumed relative to Rel.8 for PUCCH Formats 1/1a/1b and 2/2a/2b, while the exact power control formula for PUCCH Format 3 remains undefined [1]. 

For the SRS transmission power control, the Rel.8 approach of linking the SRS transmission power to the PUSCH transmission power is maintained while the particular details for the transmission power control of periodic SRS from multiple UE antennas or of aperiodic SRS remain undefined [1]. 
This contribution focuses on PUCCH transmission power control aspects. A companion contribution considers transmission power control aspects for the periodic/aperiodic SRS [2].

2 PUCCH Transmission Power Control
The main aspects affecting PUCCH transmission power control in Rel.10 are:

a) The introduction of PUCCH Format 3.

b) The puncturing of the last symbol of the PUCCH sub-frame to avoid dropping SRS transmissions (although applicable in Rel.8 for PUCCH Formats 1a/1b). 
The (periodic or aperiodic) SRS transmissions will also impact PUCCH Formats 2/2a/2b, as CSI feedback for different cells will be supported at least by assigning different PUCCH resources in time and collisions with SRS transmissions (also from multiple cells and aperiodic ones) cannot be always assumed avoidable by the eNodeB assigning different time resources. For (periodic or aperiodic) SRS transmissions will also obviously impact PUCCH Format 3. 
2.1 PUCCH Format 3 Power Control
The PUCCH transmission power in the Pcell is given by [1]
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where the notation in defined in [1] and, for brevity, it is not repeated here. 

With respect to PUCCH Format 3, the function 
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 needs to be replaced by the function 
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 to allow the PUCCH Format 3 transmission power to account for the HARQ-ACK payload of 
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 bits (same concept as for the PUCCH Format 2/2a/2b transmission power accounting for the CQI payload) with 
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It is noted that 
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 occurs when only 1 Scell is scheduled (with SIMO), 
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 occurs if joint coding of HARQ-ACK with SR or CQI is supported, and that the above expression for 
[image: image8.wmf](

)

HARQ

n

h

3

 provides the curve fitting with the PUCCH Format 3 evaluation results (structure is similar to that for PUCCH Format 2/2a/2b). Moreover, the values of the parameter 
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 need to be separately defined for PUCCH Format 3. 
The agreement from RAN1#62 “Codebook selection based on configured CCs and configured transmission modes for each CC” determines the value of 
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. Although this agreement is more suitable for the HARQ-ACK transmission in the PUSCH and not in the PUCCH where the codebook selection can be based on the actual HARQ-ACK payload the UE is transmitting, it is followed in this contribution. Therefore, 
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 is practically RRC configured and could be combined with 
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 into a single value for each possible 
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 payload.
The consequence of the above determination for the 
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 payload (which is mainly driven by the absence of a DAI IE in PDCCHs scheduling PDSCH), is that a UE cannot adjust the PUCCH Format 3 transmission power according to the maximum HARQ-ACK payload. Instead, in order to always achieve the desired HARQ-ACK error targets, the PUCCH Format 3 transmission power should be the maximum one determined for the HARQ-ACK payload of 
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 bits. This can result to the UE transmitting with substantially larger power than necessary, such as 4-6 dB, leading to significant unnecessary UE power consumption, likely reductions in the PUSCH transmission power (at least in Scells) as 
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 is more likely to be reached, and severe interference increase leading to overall worse performance.

For example, the difference in required SINR for NACK-to-ACK target of 1e-3 between 1 HARQ-ACK bit (e.g. HARQ-ACK for 1 Scell with SIMO) and 5 HARQ-ACK bits (the UE is configured 5 cells and SIMO) is in the order of 6 dB. Similar SINR differences in the order of 4-6 dB exist (e.g. [3, 4]) for other operating scenarios such as for example having an actual payload of 3 bits (scheduling in the Pcell with SU-MIMO and in an Scell with SIMO) and a configured payload of 8 bits (the UE is configured 3 cells with SU-MIMO, 2 cells with SIMO).
To avoid the previous severe drawbacks from a UE having to always transmit the PUCCH Format 3 with maximum power, as determined from the maximum HARQ-ACK payload, the appropriate power differences between the actual HARQ-ACK payload and the maximum HARQ-ACK payload can be captured by the TPC command in the PDCCH scheduling PDSCH in the Pcell (in addition to maintaining the Rel.8 functionality for capturing relatively short term channel variations). As the Rel.8 range of TPC commands is inadequate for capturing the required power changes according to the actual HARQ-ACK payload (in addition to capturing channel variations), their range needs to be extended without sacrificing their accuracy. 
Since DTX feedback is not supported for PUCCH Format 3 (no DL DAI in PDCCH), the usefulness of IR HARQ is diminished and may even become detrimental (particularly for the second and third HARQ retransmissions as the probability of at least one DTX becomes comparable or larger than the probability of at least 2 incorrect PDSCH receptions). Therefore, in the absence of DTX support, IR HARQ can be limited to the first retransmission while practically obtaining all gains from IR HARQ. 
For PDCCH scheduling PDSCH in the Pcell, the second bit of the RV IE can be used to increase the number of TPC IE bits from 2 to 3 and enhance the range and accuracy of the TPC commands. For example, with a 3-bit TPC IE, the range of the TPC commands for PUCCH Format 3 transmission can be [-5 -3 -1 0 1 3 5 7] dB instead of [-1 0 1 3] dB. Note that simply changing the existing TPC command range without increasing the number of TPC bits will significantly increase the TPC inaccuracy if the TPC range is significantly increased. 

Proposal 1: Use 1 RV IE bit in PDCCH scheduling PDSCH in the PCell to complement for power control the 2 TPC IE bits.

2.2 PUCCH Power Control Adjustment for SRS Puncturing
The puncturing of the last symbol for any PUCCH format to accommodate SRS transmission is associated with a corresponding performance loss relative to the nominal case of no puncturing as one symbol conveying control information is lost. For PUCCH Format 3 this loss is about 0.45 dB [6] and for PUCCH Format 1a/1b it is about 0.55 dB [7]. The same loss as for PUCCH Format 3 is expected for PUCCH Format 2/2a/2b. The performance loss is practically determined by adjusting the transmission power of the PUCCH format according to the number of symbols with control transmission as in the case of PUSCH (symbols with data transmission) for 
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) [1] or as in the case of the UCI resource determination in the PUSCH according to the spectral efficiency of the data transmission [8]. 
Then, the PUCCH transmission power is given by
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Alternatively, a separate 
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 value may be configured for each PUCCH Format and 
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 if there is no puncturing of the last sub-frame symbol and 
[image: image24.wmf])

(

)

,

(

_

_

F

F

i

SRS

F

SRS

F

D

=

D

 if there is puncturing of the last sub-frame symbol for SRS transmission in sub-frame 
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. However, such additional RRC configuration is not necessary. 

Proposal 2: The PUCCH transmission power accounts for the puncturing of the last sub-frame symbol for SRS transmission.
3 Conclusions

This contribution considered the outstanding issues for HARQ-ACK resource mapping in the PUCCH in support of CA. The following are proposed:

Proposal 1: Use 1 RV IE bit in PDCCH scheduling PDSCH in the PCell to complement for power control the 2 TPC IE bits.

Proposal 2: The PUCCH transmission power accounts for the puncturing of the last sub-frame symbol for SRS transmission.
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