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1 Introduction

In the RAN #67 meeting, a work item (WI) on LTE carrier aggregation (CA) enhancement beyond 5 carriers was updated [1]. The WI is conducted to support PUCCH on SCell for CA and enhancing the CA capabilities up to 32 component carriers (CC). In this contribution, uplink power control for PUCCH to support UCI feedback of up to CA of 32 DL CCs is discussed. 

2 Discussion on PUCCH power control
In the power control section of 36.213 specifications [2], if serving cell 
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is the primary cell, the setting of the UE Transmit power
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for the physical uplink control channel (PUCCH) transmission in subframe i is defined by
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 is a PUCCH format dependent value, where 
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 corresponds to the number of information bits for the channel quality information defined in subclause 5.2.3.3 in 36.212. 
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 = 1 if subframe i is configured for SR for the UE not having any associated transport block for UL-SCH, otherwise 
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=0.  If the UE is configured with more than one serving cell, or the UE is configured with one serving cell and transmitting using PUCCH format 3, the value of 
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 is defined in subclause 10.1; otherwise, 
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 is the number of HARQ-ACK bits sent in subframe i. 

· For PUCCH format 1,1a and 1b 
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· For PUCCH format 1b with channel selection, if the UE is configured with more than one serving cell, 
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, otherwise, 
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· For PUCCH format 2, 2a, 2b and normal cyclic prefix
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· For PUCCH format 2 and extended cyclic prefix
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· For PUCCH format 3 and when UE transmits HARQ-ACK/SR without periodic CSI,

· If the UE is configured by higher layers to transmit PUCCH format 3 on two antenna ports, or if the UE transmits more than 11 bits of HARQ-ACK/SR
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· Otherwise
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· For PUCCH format 3 and when UE transmits HARQ-ACK/SR and periodic CSI, 

· If the UE is configured by higher layers to transmit PUCCH format 3 on two antenna ports, or if the UE transmits more than 11 bits of HARQ-ACK/SR and CSI
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· Otherwise
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For PUCCH format 2, 2a, 2b and PUCCH format 3, there are different power control formulas if the total UCI bits that UE transmits are no more than 11 bits or more than 11 bits. 
To support carrier aggregation of up to 32 CCs, new PUCCH format needs to be introduced. The design of new PUCCH format is discussed in [3] which may carry maximum 32x4=128 HARQ-ACK bits. Legacy PUCCH format 3 only supports up to 22 bits and the current power control formula especial the item 
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is not expected to apply if the total bits of UCI are beyond 22 bits. If the formula of more than 11 bits with 
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is applied for new PUCCH format with larger UCI bits, it would be not appropriate for PUCCH power control. 

In addition, nothing is mentioned for possible new PUCCH format with modified PUCCH format 3 or based on TBCC, which is aiming to be used for large payload feedback of up to CA of 32 DL CCs. If new PUCCH format with modified PUCCH format 3 or based on TBCC is introduced, some adjustments for PUCCH power control formula are necessary.

Therefore the current formula is not enough for new PUCCH format with large bits. Enhanced power control is needed if new PUCCCH format is introduced.
Based on the above discussion and analysis, we have the following observation and proposal.

Observation: The current formula is not enough for new PUCCH format with large bits. 
Proposal:

· Enhanced power control is needed if new PUCCH format is introduced.
3 Conclusion

In this contribution, uplink power control for PUCCH to support UCI feedback of up to CA of 32 DL CCs is discussed. 
Based on the discussion and analysis, we have the following observation and proposal.

Observation: The current formula is not enough for new PUCCH format with large bits. 
Proposal:

· Enhanced power control is needed if new PUCCH format is introduced.
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