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Introduction
In RAN1#82bis [1], the following agreements were made on power control of new PUCCH format:
Agreements:
· For transmit power control of the PUSCH-like new PUCCH format,
· 10log10(MPUCCH_PRB) is included with MPUCCH_PRB being the no. of PRBs.
· For the PUSCH-like new PUCCH format, 
· Reusing the existing power control parameters
· FFS: necessity of additional parameters
Working Assumption: 
· For the power-control of the PUSCH-like new PUCCH format,
· DF_PUCCH(F) is included, where DF_PUCCH(F) is the PF-dependent power offset. 
· For the DF_PUCCH(F), one of [FFS, e.g. 4 or 8] values is configured by higher-layers. 
· FFS: Exact values. 
In this contribution, we discuss the design of power control of new PUCCH format in Rel-13 CA.
Discussion
In the existing specification, transmit power of PUSCH is defined as following:


Where for and 0 for .  is given by the parameter deltaMCS-Enabled provided by higher layers for each serving cell .  and , for each serving cell , are computed as below. 
· for control data sent via PUSCH without UL-SCH data and for other cases.
· where  is the number of code blocks,  is the size for code block ,  is the number of CQI/PMI bits including CRC bits  and  is the number of resource elements determined as , where , ,  and  are defined in [2]. 
·  for control data sent via PUSCH without UL-SCH data and  for other cases.
In the existing specification, transmit power of PUCCH is defined as following:


· 

 is provided by higher layers. Each  value corresponds to a PUCCH format (F) relative to PUCCH format 1a, where each PUCCH format (F ) is defined in Table 5.4-1 of [3]
· 





 is a PUCCH format dependent value, where  corresponds to the number of information bits for the channel quality information defined in subclause 5.2.3.3 in [2].  = 1 if subframe i is configured for SR for the UE not having any associated transport block for UL-SCH, otherwise =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  is defined in subclause 10.1 in [4]; otherwise,  is the number of HARQ-ACK bits sent in subframe i.
In RAN1#82bis, it was agreed that either PUCCH-based or PUSCH-based power control formula can be defined for new PUCCH format. 







The main advantage of using PUSCH-based power control formula for PUCCH format 4 or 5  is to reuse the definition for PUSCH without UL-SCH to reflect the UCI coding rate related power offset. However,  should be redefined since there is not only CQI transmitted but also HARQ-ACK and SR. Definition of  shall also consider the new defined  for HARQ-ACK when the number of HARQ-ACK is larger than x.  shall be changed to reflect the total number of UCI including CRC joint coded on the new PUCCH format. In addition, whether  is till feasible should be further studied since the channel coding of CQI is encoded with RM block code without CRC when the number of CQI bits is  not larger than 11 bits and TBCC with CRC otherwise. Furthermore, if  shall be introduced for new PUCCH format, there shall be mechanism to ensure that other parameters such as  do not include the performance gap between the baseline of new PUCCH format 4 or 5 and PUCCH format 1a since it is already captured in .


The primary advantage of using PUCCH-based power control formula for PUCCH format 4 or 5 is to align with the legacy formula. However, new h function and new values of based on the transmission performance of PUCCH format 4 or 5 shall be defined since the transmission structure of PUCCH format 4 and 5 is different from the existing PUCCH format which  the  performance is expected to be different from that of the existing PUCCH format. Considering dynamic HARQ-ACK codebook and  UCI multiplexing on new PUCCH format 4 or 5, the range of number of UCI bits and coding gain would be widely spread The increases the difficulty in defining h function and .




Since  is a PF-dependent power offset used to adjust the transmit power of one PUCCH format relative to PUCCH format 1a and  a cell-specific parameter, new PUCCH format  shall be used. The Working Assumption made in RAN1#82bis to introduce DF_PUCCH(F) shall be confirmed while the detail values should be further studied based on the performance gap between new PUCCH format 4/5 and PUCCH format 1a. Since 10log10(MPUCCH_PRB) may not impact the transmit power when 1 PRB is used, it means that this parameter can be used for any PUCCH format. Similar,  in the existing PUCCH power control formula may not impact the transmit power of PUCCH format 4 and 5 since TxD is not supported for new PUCCH format. and shall be 0 follow the existing rule. Hence, we propose to define a uniform power control formula of legacy PUCCH formats and new PUCCH formats as follows:





where for legacy PUCCH formats and PUCCH formats 4 and 5,  =1;  The  is defined based on the assumption of the power increase is asymptomatically linear to the number of UCI bits when the number of UCI bits are within a small range.  For PUCCH format 4 and 5 with TBCC channel coding and wide range of UCI information bits, the formula needs to be studied in detail.  Proposal: Existing PUCCH power control formula is used for new PUCCH formats 4 and 5.  The definition of function should be studied in detail.  
Conclusions
In this contribution, we discuss the power control formula used for new PUCCH formats 4 and 5 in Rel-13 CA with following proposal:

Proposal: Existing PUCCH power control formula is used for new PUCCH formats 4 and 5.  The definition of function should be studied in detail.  
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