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1 Introduction 
NR PUCCH power control is specified in the latest TS 38.213 v15.0.0 [1]. Based on the agreements in the RAN1#91 meeting, detailed aspects are captured in the power control equation in 38.213 clause 7.2. However, RAN1 is yet to reach a firm agreement on the formulation of transmit power adjustment as a function of the bandwidth and code rate of the PUCCH transmission. In this contribution, we discuss and propose a formulation of the PUCCH power control in the aspect, employing the parameters 
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2 PUCCH power control
In the RAN1#91, the following was agreed as a working assumption regarding 
[image: image3.wmf])

(

,

TF,

i

c

f

D

: 
Working Assumption:
ΔTF,c(i) is defined as in LTE

· Note: Subject to modifications (value of beta, introduction of gamma for DFT-S-OFDM/CP-OFDM) based on availability of future evaluation results. These modifications will only impact RAN1 specifications.

In order to review the definition of 
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in LTE, LTE PUCCH power control equation is captured below for LTE PUCCH formats 4 and 5 on which multiple UCI bits are transmitted using TBCC:

=== Start of a capture from 36.213 v14.5.0 ===
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 is the number of HARQ-ACK/SR/RI/CQI/PMI bits including CRC bits transmitted on PUCCH format 4/5 in subframe i; 
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 for PUCCH format 4 and 
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 if shortened PUCCH format 4 or shortened PUCCH format 5 is used in subframe i and 
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=== End of a capture from 36.213 v14.5.0 ===
As seen in the above equation for LTE PUCCH power control, the PUCCH bandwidth parameter 
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 are separately employed in the power control equation. 
PUCCH transmission power should be adjusted depending on the PUCCH payload size, bandwidth and code rate. Increase in the payload size will need increase in the transmission power in order to maintain the required energy per UCI bit. On the other hand, an increase in the PUCCH bandwidth alone does not require an increase in the transmission power if payload size stays the same. As another case, an increase in the code rate results in an increase in the required SNR and accordingly an increase in the transmission power. By the way, a decrease in the transmission duration necessitates increase in per-symbol transmission power in order to maintain the same total transmission power unless payload size decreases accordingly. Although all these aspects are intertwined, the two parameters 
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 can jointly deal with any combination of the above cases in PUCCH power control. 
The 
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 reflects the required increase in the transmission power due to an increase in the scheduled PUCCH bandwidth, which in most cases is caused by an increase in payload size. If the payload size is not large enough compared to the scheduled PUCCH bandwidth, 
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 can reflect the situation. This is because the code rate of the corresponding PUCCH transmission will decrease then and this results in a decrease in 
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, which in turn offsets the effect of the increased PUCCH bandwidth. A decrease in the PUCCH duration can be addressed by 
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. If the duration decreases for the same payload size, the code rate of the corresponding PUCCH transmission will increase and this results in an increase in 
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 and accordingly in the transmission power. 
Taking into account the aspects discussed above, 
[image: image22.wmf])

(

PUCCH

RB,

i

M

f,c

 and 
[image: image23.wmf])

(

,

TF,

i

c

f

D

can be separately defined in the NR PUCCH power control equation, as in LTE. However, 
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 is currently not included as a separate parameter in the NR power control equation, as captured below. 
=== Start of a capture from 38.213 v15.0.0 ===
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 is a PUCCH transmission power adjustment component for carrier 
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=== End of a capture from 38.213 v15.0.0 ===
Also, as agreed in RAN1#91 as a working assumption, 
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can take the same definition as in LTE. One difference from LTE is that polar coding is applied for NR PUCCH formats, whereas TBCC is applied for LTE PUCCH format 4/5. However, it should be noted that the definition 
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 is independent of specific channel coding schemes, and this definition is currently adopted in the NR PUSCH power control equation along with the beta factor. With keeping the equation form of the 
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 as above, an adjustment could be applied using a multiplicative constant if verified necessary.
3 Conclusion 

This contribution discussed open issues regarding the bandwidth and code rate parameters 
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 for PUCCH power control. Based on the discussions, we propose as follows:
Proposal 1:
· 
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is employed separately from 
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in the equation for PUCCH power control to adjust the transmit power in accordance to the bandwidth of the corresponding PUCCH transmission.
Proposal 2:
· 
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 takes the definition in the LTE PUCCH control as baseline, that is, 
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