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1 Introduction

In RAN1#88bis, the following were agreed for UL transmission power control [1]:
Agreements:
· For beam specific power control, NR defines beam specific open & closed loop parameters. 

· FFS: details on beam common parameter(s)

· Note: Agreed on RAN1 #88 FFS details on “beam specific”, especially regarding handling layer/layer-group/panel specific/beam group specific/beam pair link specific power control

· gNB is aware of the power headroom differences for different waveforms, if the UE can be configured for both waveforms.

· FFS: offset configured/specified, reported, 

· FFS on the details of power control parameters for example, P_c, Max or other open/closed loop parameter

This contribution discusses UL transmission power control (TPC) aspects for NR-PUCCH.
2 Discussion
LTE supports different PUCCH formats that are used to carry different types of uplink control information (UCI) such as HARQ-ACK, SR, CSI, or combinations thereof and can carry different numbers of information bits per subframe. UCI types can have different error-rate requirements and the different PUCCH formats can have different required SINR. The settings of the UE’s PUCCH transmit power, PPUCCH in subframe i for serving cell c is defined in [2] as:
For PUCCH format 1/1a/1b/2/2a/2b/3, 
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For PUCCH format 4/5 (TxD is not supported in LTE),
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It has been agreed in [3] that NR supports two different PUCCH types with different characteristics as follows: 
· PUCCH in short duration (short PUCCH: S-PUCCH)
· S-PUCCH consists of 1 or 2 symbols and can be transmitted around the last transmitted UL symbol(s) of a slot. FFS whether it can be transmitted in other positions.
· S-PUCCH can be TDMed and/or FDMed with UL data channel within a slot.

· PUCCH in long duration (long PUCCH: L-PUCCH)

· L-PUCCH consists of from 4 symbols to 14 symbols

· L-PUCCH can be FDMed with UL data channel within a slot.

Although the LTE formulas consider PUCCH transmission over a subframe, that is, over a larger number of symbols than for S-PUCCH or typically for L-PUCCH, the transmission duration can be directly captured by a PUCCH power adjustment and the above formulas can still be used as a baseline for PUCCH power control in NR. Other modifications can also be possible as needed but the existing components can be maintained. 

Proposal 1: The LTE PUCCH power control formulas are baseline for determining the NR PUCCH power control formulas.
In LTE, PUCCH or PUSCH transmission power does not be changed within a subframe. In NR, if FDM of PUSCH and S-PUCCH is supported from a single UE’s perspective, the transmission power of PUSCH has to be changed and the UE becomes power limited when PUSCH and S-PUCCH have to share their power in the last symbol(s) as shown in Figure 1(b). Since this power sharing will degrade PUSCH performance as well as increase UE implementation complexity, it is desirable that NR does not support FDM of simultaneous PUSCH and S-PUCCH transmissions. Further, even if the UE does not become power limited due to a simultaneous S-PUCCH and PUSCH transmission, as the transmission power of the S-PUCCH needs to be large due to the transmission in a single symbol, the UE is typically not expected to support simultaneous transmission of two channels with significantly different PSDs (e.g. above 3 dB) in the same bandwidth. 
Proposal 2: NR does not support FDM of simultaneous PUSCH and S-PUCCH transmissions from a same UE.
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(a) TDM of PUSCH and S-PUCCH                                (b) FDM of PUSCH and S-PUCCH
Figure 1: An illustration of multiplexing between PUSCH and S-PUCCH in a slot
3 Conclusion
In this contribution, we have discussed UL power control aspects for NR PUCCH. The following were proposed:
Proposal 1: The LTE PUCCH power control formulas are baseline for determining the NR PUCCH power control formulas.
Proposal 2: NR does not support FDM of simultaneous PUSCH and S-PUCCH transmissions from a same UE.
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