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1. Introduction
In RAN1 NR 1801 meeting, following agreements have been achieved for NR UL power control. 

Agreement:
For grant-based PUSCH, when the SRI field is present in the UL grant 

· The mapping between each state of the SRI field and the pathloss reference (k) is directly configured via RRC.

· The mapping between each state of the SRI field and the p0,alpha (j) is directly configured via RRC.

· If N=2 (number of closed loop process) is configured to the UE, the mapping between each state of the SRI field and the PUSCH closed loop process (l) is directly configured via RRC.

· Note: The mappings above are separately configured for SUL and non-SUL

Agreement:
For PUCCH, when the parameter PUCCH-Spatial-relation-info is configured to the UE,

· The mapping between each entry of the RRC parameter PUCCH-Spatial-relation-info and the pathloss reference (k) is configured as part of PUCCH-Spatial-relation-info.

· The mapping between each entry of the RRC parameter PUCCH-Spatial-relation-info and the p0 is directly configured as part of PUCCH-Spatial-relation-info.

· If N=2 (number of closed loop process) is configured to the UE, the mapping between each entry of the RRC parameter PUCCH-Spatial-relation-info and the PUSCH closed loop process (l) is directly configured as part of PUCCH-Spatial-relation-info.

· Note: Precise ASN.1 design can be decided by RAN2

Agreement:

Virtual PHR for non-scheduled serving cell for CA/DC case is supported

· For PHR reporting for multiple cells, if the UE does not transmit PUSCH in PUSCH transmission period i for carrier f of serving cell c, the UE computes power headroom for a Type 1 report as 
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· MPR=0dB, A-MPR=0dB, P-MPR=0dB for serving carrier f of cell c
· FFS: how to determine j, q_d and l
This contribution presents our views on remaining issues on NR UL power control based on [1][2]. 
2. Discussion
2.1. On PC for BWP switching
In last RAN1 meeting, it was agreed PUSCH/PUCCH PC parameters are configured per BWP by higher layer[3]. It is also agreed dynamic BWP switching is supported. In the case of single-TRP/single-panel transmission, at least different pathloss reference signals may be configured for different BWPs, it is reasonble to reconfigure pathloss reference signal when a PUSCH switches to transmit on one BWP to another BWP. In the case of multi-TRP/multi-panel transmission, different BWPs may come from different transmission points. To support more accurate PC for PUSCH transmission, open loop PC parameters and pathloss reference signal(s) should be configured per BWP, close loop PC process(es) should be reset when a PUSCH switches to transmit on one BWP to another BWP.
Proposal 1:
· Open loop PC parameters and pathloss reference signal(s) should be configured per BWP
· When a PUSCH switches to transmit on one BWP to another BWP, , close loop PC process (es) should be reset. 
2.2. On PC parameters configuration 
In RAN1 NR 1801 meeting, it was agreed SRI trigger state can be used to indicate P0/alpha(j), pathloss reference(q_d) and close loop process(l) if SRI field is present. However, when SRI field is not present, how to indicate P0/alpha(j), pathloss reference(q_d) and close loop process(l) have not determinded yet. One remaining issue is how to determine the power control parameter set when UE is dynamically scheduled with fallback DCI as SRI field does not exist in fallback DCI. In this case a predefined power control parameter set should be used. 
Proposal 2:
· In the case of grant-based PUSCH transmission indicated by fallback DCI, one set of pre-configured power control parameters can be applied.

However, for grant-based PUSCH transmission indicated by non-fallback DCI and SRI field is not present, only one set of PC parameters may not satisfy all cases, for example power control cannot be adapted to different reliability requirment for PUSCH transmissions for different logical channels, i.e. eMBB and URLLC. Therefore, service/logical channel dependent power control parameter determination should be supported. In addition, different pathloss references are needed for multi-TRP/multi-panel transmission. To achieve the above, implicit or explicit indicates PC parameters can be considered for the case without SRI indication. In an implicit way, UE can determines PC parameters based on service type or transmission format. In an emplicit way, an indication field should be additionally introduced to indicate which set of PC parameters can be used.

Proposal 3:
· In the case of grant-based PUSCH transmission which is not indicated by fallback DCI and SRI field is not present, one of the following alternatives can be supported for P0/alpha(j), pathloss reference(q_d) and close loop process(l) indication,
· Alt1: UE determines UL power control parameters based on the service type (determine by LCP procedure logical channel priority) that is carried on the PUSCH.
· RRC configured the linkage between logical channel and power control parameter set
· Alt2: UE determines UL power control parameters based on transmission format (e.g. transmission duration) for the PUSCH.
· RRC configured the linkage between transmission format and power control parameter set.
· Alt3: UE determines UL power control parameters based on explicit indication in UL grant for PUSCH.
· RRC configured the linkage between explicit indication states and power control parameter set.
Similar to grant-based PUSCH transmission which is not indicated by fallback DCI and SRI field is not present, when PUCCH-Spatial-relation-info is not configured, implicit or explicit indication PC parameters also should be supported.
Proposal 4:
· In the case of PUCCH-Spatial-relation-info is not configured, one of the following alternatives can be supported for P0(q_u), pathloss reference(q_d) and close loop process(l) indication,

· Alt1: UE determines UL power control parameters based on the service type/logical channel which the UCI carried on the PUCCH is associated with.
· RRC configured the linkage between logical channel and power control parameter set.
· Alt2: UE determines UL power control parameters based on transmission format for the PUCCH.
· RRC configured the linkage between transmission format and power control parameter set.
· Alt3: UE determines UL power control parameters based on explicit indication in DL grant for PUCCH.
· RRC configured the linkage between explicit indication states and power control parameter set.
2.3. On virtual PHR 
It was agreed virtual PHR for CA/DC is supported. However, in single CC case, to support accurate and efficient PC for PUSCH transmission, waveform/beam/BWP switching related virtual PHR should be supported additionally.
For dynamic waveform switching between CP-OFDM and DFT-S-OFDM in NR, due to the power backoff difference between the two waveforms, ideally gNB should know the expected UE power backoff change before making the dynamic switching. It does not make sense to make the switching decision blindly. To provide more knowledge to the gNB, UE may be required to calculate and report two PHRs, including an actual PHR based on the current scheduled waveform and transmission property (resource allocation, MCS, etc.), and a virtual PHR based on the non-scheduled waveform and a assumed transmission property. 
For dynamic beam switching, as open loop parameter and pathloss reference are derived separately for each UL beams, the power headroom for each beam can be different and is not predictable by the gNB. Beam specific PHR has been supported. To support dynamic beam switching and improve the accuracy of PC, beam specific virtual PHR also should be supported. 

For dynamic BWP switching, as PC parameters and pathloss reference are configured per BWP, it is beneficial for gNB to perform BWP selection if virtual PHR for inactive BWP(s) can be supported..
Proposal 5:
· For single CC case, the following cases of virtual PHR are supported in NR. 
· Virtual PHR for waveform different from current PUSCH transmission.
· Virtual PHR for beam different from current PUSCH transmission.
· Virtual PHR for inactive BWP(s).
For virtual PHR for CA/DC case, it was agreed PHR calculation is similar as LTE. But for P0/alpha(j), pathloss reference(q_d) and close loop process(l) values indication have not determined yet. One solution is calculating PHR by a set of preconfigured default value, e.g. P0/alpha(0), close loop process(0). Another solution is calculating PHR based on another serving cell with PUSCH transmission. 
Proposal 6:
· For CA/DC case, the following options for P0/alpha(j), pathloss reference(q_d) and close loop process(l) indication for virtual PHR can be considered, 
· Opt1: Preconfigured a set default value, e.g. P0/alpha (0), close loop process (0).
· Opt2: Based on another serving cell with PUSCH transmission.

2.4. On PRACH power control for SUL
For SUL, there is a PL difference between SUL carrier and non-SUL carrier. The PL difference needs to be considered when setting the UL transmission power for PRACH. According to the agreements in RAN1 #91, the PL difference is up to 76dB, considering the non-SUL carrier is up to 70GHz. There are three options to take the PL difference into account.

Option 1: Two separate  
[image: image2.wmf]target

PRACH,

P

included in RMSI. One is for SUL and another one is for non-SUL carrier. 
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means the received preamble power target and it can be set to a bit higher (e.g., X dB) than the Rx sensitivity, assuming the SINR for successfully receiving PRACH is X dB. No matter which frequency the UL carrier is, 
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should be similar. However, according to the agreements in RAN1 #91, the PL difference is up to 76dB.  If Option 1 is used, the difference between the two 
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is up to 76dB, and this is not in line with the meaning of 
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. So Option 1 is not preferred.

Option 2: Two separate
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. One is the PL for non-SUL carrier and is calculated by the UE as referenceSignalPower – higher layer filtered RSRP. Another one is the PL for SUL carrier and can be calculated by the PL for non-SUL carrier plus the PL difference. Then the PRACH power can be calculated by
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The PL difference together with the 
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 for non-SUL carrier is transmitted by RMSI. This option is quite similar with Option 1 and has not the cons of Option 1.
Option 3: No additional bits in RMSI and the PL difference per SUL band combinations is predefined in Spec. UE calculates the PL for SUL carrier according to the predefined PL difference. The remaining procedures are the same as Option 2.
Proposal 7: 
· One of the following options are chosen for PRACH power control for SUL.
· Opt1: Two separate
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 for non-SUL carrier is transmitted by RMSI.
· Opt2: No additional bits in RMSI and the PL difference per SUL band combinations are predefined in Spec.
Based on current specification, 
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 is the preamble Received Target Power, which is derived by higher layer parameter preambleInitialReceivedTargetPower according to TS 38.321 [4] but not preambleReceivedTargetPower. 

Proposal 8:

· 
[image: image13.wmf]target

PRACH,

P

 is derived from higher layer parameter preambleInitialReceivedTargetPower.

-------------------------------------------------------Start text proposal-----------------------------------------------------------
A UE determines a transmission power for a physical random access channel (PRACH) for carrier 
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 of serving cell 
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 is the configured UE transmission power defined in [8, TS 38.101] for carrier 
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 of serving cell 
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 within transmission period 
[image: image21.wmf]i

, 
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 is derived from higher layer parameter preambleInitialReceivedTargetPower.
--------------------------------------------------------End text proposal----------------------------------------------------------
3. Conclusion
In this contribution, we present our view on remaining issues for NR UL power control. Following proposals were made.

Proposal 1:
· Open loop PC parameters and pathloss reference signal(s) should be configured per BWP
· When a PUSCH switches to transmit on one BWP to another BWP, , close loop PC process (es) should be reset. 
Proposal 2:
· In the case of grant-based PUSCH transmission indicated by fallback DCI, one set of pre-configured power control parameters can be applied.
Proposal 3:
· In the case of grant-based PUSCH transmission which is not indicated by fallback DCI and SRI field is not present, one of the following alternatives can be supported for P0/alpha(j), pathloss reference(q_d) and close loop process(l) indication,

· Alt1: UE determines UL power control parameters based on the service type (determine by LCP procedure logical channel priority) that is carried on the PUSCH.
· RRC configured the linkage between logical channel and power control parameter set
· Alt2: UE determines UL power control parameters based on transmission format (e.g. transmission duration) for the PUSCH.
· RRC configured the linkage between transmission format and power control parameter set.
· Alt3: UE determines UL power control parameters based on explicit indication in UL grant for PUSCH.
· RRC configured the linkage between explicit indication states and power control parameter set.
Proposal 4:
· In the case of PUCCH-Spatial-relation-info is not configured, one of the following alternatives can be supported for P0(q_u), pathloss reference(q_d) and close loop process(l) indication,

· Alt1: UE determines UL power control parameters based on the service type/logical channel which the UCI carried on the PUCCH is associated with.
· RRC configured the linkage between logical channel and power control parameter set.
· Alt2: UE determines UL power control parameters based on transmission format for the PUCCH.
· RRC configured the linkage between transmission format and power control parameter set.
· Alt3: UE determines UL power control parameters based on explicit indication in DL grant for PUCCH.

· RRC configured the linkage between explicit indication states and power control parameter set.
Proposal 5:
· For single CC case, the following cases of virtual PHR are supported in NR. 

· Virtual PHR for waveform different from current PUSCH transmission.

· Virtual PHR for beam different from current PUSCH transmission.

· Virtual PHR for inactive BWP(s).

Proposal 6:
· For CA/DC case, the following options for P0/alpha(j), pathloss reference(q_d) and close loop process(l) indication for virtual PHR can be considered, 

· Opt1: Preconfigured a set default value, e.g. P0/alpha (0), close loop process (0).
· Opt2: Based on another serving cell with PUSCH transmission.

Proposal 7: 
· One of the following options are chosen for PRACH power control for SUL.
· Opt1: Two separate
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 for non-SUL carrier is transmitted by RMSI.

· Opt2: No additional bits in RMSI and the PL difference per SUL band combinations are predefined in Spec.
Proposal 8:

· 
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