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At RAN1 #82, the new PUCCH format design for Rel-13 CA enhancement was discussed and it was agreed that at least one new PUCCH format with PUSCH-like structure will be supported. In this contribution, we discuss how power control shall be done for the new PUCCH format. The other design details were discussed in another companion paper [1].
Discussion
Depending on the coding scheme (joint coding vs. separate coding) and resource mapping rules for the new PUCCH format (referred to as PUCCH format 4 hereafter), the power control can be done differently. If joint coding is adopted, all UCI fields are enforced to have the same performance. Accordingly, the power control can be done similarly as the existing PUCCH formats, e.g. PUCCH format 3. If separate coding is adopted, the power control may depend on what kind of UCI is actually transmitted, i.e. HARQ-ACK(SR if present)/P-CSI only or HARQ-ACK(SR) + P-CSI. 
Since separate coding will bring in significant standardization impact and implementation complexity, it is proposed to adopt joint coding for the new PUCCH format [1]. In the following, we discuss how power control can be done assuming joint coding and PUSCH-like resource mapping is applied for PUCCH format 4.   
Power control for PUCCH format 4


The power control for PUCCH is described in section 5.1.2.1 in [2]. The power control for PUCCH contains a general part for all PUCCH formats and specific parameters that are based on the payload on PUCCH. The specific part consists of two parameters  and . 

The parameter  defines the relative performance difference between PUCCH 1a and the used PUCCH format. For PUCCH format 4, there will be a need to define this relative offset. Similar to the other PUCCH formats, the aim should be to define several different values that can cover potential different channel conditions and eNB receiver implementations. 

The parameter  adapts the power to the number of information bits that are transmitted. For PUCCH 1a/1b, this is 0 dB since these formats only support one payload size for the format. For PUCCH format 4, this parameter needs to be determined for different payload sizes. 


[bookmark: OLE_LINK5][bookmark: OLE_LINK6]In order to determine  and , we make the assumption that the eNB can correctly control the power of PUCCH format 1a. With that assumption what is then needed is to fit a curve that matches the slope of all the different scenarios in section 2.2. 


Moreover, PUCCH format 4 may occupy more than one PRB when the total payload size is large. The impact to power control is that an additional parameter  needs to be included, where  is the number of PRBs allocated for PUCCH format 4.


Proposal 1:  is included in the power control for PUCCH format 4, where  is the number of PRBs allocated for PUCCH format 4,

Evaluation results


In this section, we provide the evaluations to determine  and . 




Parameter is determined by calculating the performance difference between PUCCH format 1a and the corresponding PUCCH format 4 for each channel type and velocity. The operating SNR for PUCCH format 1a under different conditions is provided in [3]. By comparing it with operating SNR for PUCCH format 4 with 23 UCI bits and 1 PRB, the performance difference is found to be -1dB to 6dB. Note that only the PUCCH format 4 performance with 23 bits and 1 PRB is of interest since the other factors will be compensated by  and . Considering different receiver implementations, the parameter  for PUCCH format 4 can be {-1dB, 0dB, 1dB, 2dB, 3dB, 4dB, 5dB, 6dB}. 

Proposal 2:   consists of values {-1dB, 0dB, 1dB, 2dB, 3dB, 4dB, 5dB, 6dB}

Parameter  is determined by performing a first-degree polynomial fit with respect to the total number of information bits including CRC in logarithmic domain. In Figure 1 and Figure 2, we provide the results for 1 DMRS per slot and 2 DMRS per slot based on simulation results provided in [1]. For 1 DMRS per slot case, we observe the following formula fits the SNR increments very well:


For 2 DMRS per slot case, we observe the following formula fits the SNR increments very well:



Note that the numerical term in the fitting function was not included in  since it can be compensated by the nominal power setting. A further check is performed by moving the fitted curve with -3dB (solid red) and 3dB (solid black). 

Proposal 3:  is a logarithmic function to the payload size including CRC bits for PUCCH format 4. 
· 
For 1 DMRS per slot: 
· 
For 2 DMRS per slot: 
[image: ] 
[bookmark: _Ref430857319]Figure 1: Operating SNR increments and power control functions for 1 DMRS per slot
[image: ]
[bookmark: _Ref430857365]Figure 2: Operating SNR increments and power control functions for 2 DMRS per slot
Conclusion
In this contribution we discussed the power control schemes for the new PUCCH format. The above discussion is summarized with the following observations and proposals:


Proposal 1:  is included in the power control for PUCCH format 4, where  is the number of PRBs allocated for PUCCH format 4.

Proposal 2:   consists of values {-1dB, 0dB, 1dB, 2dB, 3dB, 4dB, 5dB, 6dB}

Proposal 3:  is a logarithmic function to the payload size including CRC bits for PUCCH format 4. 
· 
For 1 DMRS: 
· 
For 2 DMRS: 
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