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1 Introduction

NR PUSCH power control formula has been agreed but there are still several remaining issues as the following:
	RAN1 #90bis
Agreements:
Confirm the following working assumption:

· For NR-PUSCH

· Absolute TPC command mode is supported.

· FFS on KPUSCH
RAN1 #91
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.
Working Assumption:
For MPUSCH,c, MSRS,c in power control formula:

· Expressed in the number of PRBs based on 15 kHz regardless of number of PRBs allocated for PUSCH transmission

· For example, for 15 kHz SCS, MPUSCH,c = M  and for 120 kHz SCS, MPUSCH,c = 8M 




This contribution discusses remaining issues on NR PUSCH power control including how to define KPUSCH and ΔTF,c(i).

2 Remaining issues on the NR PUSCH power control
This section discusses the remaining issues on the NR PUSCH power control.
Discussion on KPUSCH 
The definition of KPUSCH was agreed in RAN1#91 [1] as follows: for PUSCH transmission triggered by uplink grant, KPUSCH is the time duration between the uplink grant and the start of the PUSCH transmission. However, the exact value of KPUSCH has not been agreed yet. In LTE, KPUSCH is defined as a fixed value, i.e., KPUSCH = 4 for FDD and for TDD, KPUSCH is per-defined in the specification depending on DL/UL configurations. On the other hand, NR supports variable TTI length due to different numerologies and also supports a dynamic TDD slot structure including a.k.a. a self-contained slot structure. Considering these NR features, various KPUSCH values need to be supported in NR while guaranteeing UE’s minimum capability of the processing time. 
TPC command for PUSCH can be carried on a UE-specific DCI (i.e., DCI format 0_0 or DCI format 0_1) and a group-common DCI (i.e., DCI format 2_2). The UE-specific DCI scrambled with the UE’s RNTI includes K2 value as well as TPC command and it can be reused, i.e., KPUSCH is set to K2. 
Proposal 1: For TPC command by a UE-specific DCI (i.e., DCI format 0_0 or DCI format 0_1) scrambled with the UE’s RNTI, KPUSCH = K2.

On the other hand, for TPC command by a group-common DCI scrambled with TPC-PUSCH-RNTI, there could be following options as follows: 
· Opt.1: KPUSCH is predefined as a fixed value in the specification. One way to realize this is that each UE receiving the group-common DCI implicitly derive KPUSCH value from its own K2 set configured by RRC. For example, each UE can select the same index within the configured K2 set based on a predefined rule, e.g., the first index within the K2 set. Opt.1 does not require additional signaling and it can make UE’s behavior simple (also gNB scheduler’s behavior).
· Opt.2: KPUSCH is explicitly indicated by the group-common DCI.

For KPUSCH for TPC command a group-common DCI, Opt.1 is preferred because it does not require additional signaling while considering the UE processing capability.

Proposal 2: For TPC command by a group-common DCI (i.e., DCI format 2_2) scrambled with TPC-PUSCH-RNTI, KPUSCH is defined as a fixed value in the specification.
Discussion on ΔTF,c(i)

It was argued that the difference of required SNR of the two waveforms should be included in ΔTF,c to allow fast power control convergence at the time of waveform switching. It can be done by adding a new parameter γ as follows: 
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It is noted that there has not been agreed for NR to support dynamic waveform switching and at this point, usage and motivation of such dynamic power adjustment is not clear. For example, in case that dynamic waveform switching is not performed, 10log10 γ can be reflected into P0_PUSCH. Even in dynamic waveform switching, this offset (10log10 γ) can be adjusted by using TPC command.
Another remaining issue on ΔTF,c is how to define BPRE in case of CSI transmission in a PUSCH without UL-SCH data. In LTE, BPRE = OCQI/NRE where OCQI is the number of CQI/PMI bits including CRC bits and NRE is the number of resource elements determined as
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. NR supports CSI part 1 and CSI part 2 but there is no explicit agreement on whether CSI part 1 bits or CSI part 2 bits is used. Given agreements related to UCI multiplexing to determine HARQ-ACK REs, it seems necessary to pick CSI part 1.
Proposal 3: ΔTF,c(i) in NR PUSCH power control does not include a waveform related parameter and ΔTF,c(i) is given by:
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 where 

· BPRE = OCSI/NRE, where OCSI is the number of CSI part 1 bits and NRE is the number of resource elements excluding REs used for DMRS transmission, and
· 
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Remaining issue on fc(i,l)

For PUSCH closed-loop power control, one remaining issue is how to set the first value of fc(i,l), i.e., fc(0,l) when the UE receives the random access response message. LTE approach can be reference and the following is proposed:
Proposal 4: If the UE receives the random access response message for carrier f of serving cell c, the first value of the closed-loop power control process is set to: 
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· 
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 is the TPC command indicated in the random access response corresponding to the random access preamble transmitted for carrier f in the serving cell c, and

· 
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is provided by higher layers and corresponds to the total power ramp-up requested by higher layers from the first to the last random access preamble for carrier f in the serving cell c, 
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is the bandwidth of the first PUSCH transmission in carrier f of serving cell c, and 
[image: image11.wmf])

0

(

,

,

c

f

TF

D

is the power adjustment of first PUSCH transmission in carrier f of serving cell c.
Discussion on MPUSCH,c(i)
In NR, PSD within a PRB can be different for each subcarrier spacing (SCS). Alternative proposal to the following working assumption in RAN1#91 was to adjust different PSDs by configuring different P0 values. However, this approach requires large signaling overhead and it would not be desirable. So, likewise LTE NB-IoT, scaling MPUSCH,c depending on subcarrier spacing (SCS) is simpler and we propose to confirm the working assumption. 
Proposal 5: Confirm the working assumption on MPUSCH,c, i.e., MPUSCH,c is expressed in the number of PRBs based on 15 kHz regardless of number of PRBs allocated for PUSCH transmission.

3 Conclusion
In this contribution, we have discussed remaining issues on NR PUSCH power control and the following were proposed:
Proposal 1: For TPC command by a UE-specific DCI (i.e., DCI format 0_0 or DCI format 0_1) scrambled with the UE’s RNTI, KPUSCH = K2.

Proposal 2: For TPC command by a group-common DCI (i.e., DCI format 2_2) scrambled with TPC-PUSCH-RNTI, KPUSCH is defined as a fixed value in the specification.
Proposal 3: ΔTF,c(i) in NR PUSCH power control does not include a waveform related parameter and ΔTF,c(i) is given by:
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Proposal 4: If the UE receives the random access response message for carrier f of serving cell c, the first value of the closed-loop power control process is set to: 
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where 

· 
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 is the TPC command indicated in the random access response corresponding to the random access preamble transmitted for carrier f in the serving cell c, and

· 
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is provided by higher layers and corresponds to the total power ramp-up requested by higher layers from the first to the last random access preamble for carrier f in the serving cell c, 
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is the bandwidth of the first PUSCH transmission in carrier f of serving cell c, and 
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Proposal 5: Confirm the working assumption on MPUSCH,c, i.e., MPUSCH,c is expressed in the number of PRBs based on 15 kHz regardless of number of PRBs allocated for PUSCH transmission.
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