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1. Introduction
In RAN1 91# meeting, following agreements has been made for NR UL power control. 

Agreement:

· For PUSCH PC, when SRI field is configured, confirm the agreed expression of “PUSCH beam indication (if present)” is the same as “indication by SRI field in UL grant (if present)”, aligning to MIMO agreements at least for grant-based PUSCH.
· FFS: The case where SRI field is not configured

Working Assumption: 

The maximum number of open-loop parameter value sets is 32 per cell for PUSCH.

Agreement:
The following working assumption is confirmed for PC parameter j

· j can be configured for the following aspects

· for two uplinks of SUL band combination
Agreement:

· The maximum total number of PL estimates for PUSCH, PUCCH, and SRS that can be configured to a UE is limited to 4 per cell
This contribution presents our views on remaining issues and text proposals on NR UL power control based on [1]. 
2. Discussion
2.1. On open loop power control parameter

For PUSCH open loop power control parameter sets configuration, it was agreed maximum number of ‘j’ values are 32 per cell, ‘j’ can be used for following aspects:

· PUSCH for MSG-3
· Grant-free PUSCH

· Grant-based PUSCH for sub-6GHz

· PUSCH beam indication for grant-based PUSCH for above-6GHz

· Two uplinks of SUL band combination

However, which ‘j’ value can be applied for a PUSCH transmission is not determined yet, especially in the case of multiple ‘j’ values are configured by higher layer. The linkage between ‘j’ and above aspects needs to be further discussed, either explicit or implicit signaling can be considered.
In an explicit method, the applied open loop parameter index ‘j’ and linkage among ‘j, k, l’ are signaled in the UL grant for PUSCH scheduling. In an implicit method, linkages between ‘j’ and above aspects are preconfigured by RRC and UE applies the power control parameter accordingly. However, as one transmission format may be used for more than one aspect, more flexibility can be provided by explicit signaling method.
At the same time, different transmission durations are supported in NR since both the number of symbols within a TTI and the length of an OFDM symbol may vary according to the target use cases and services. eMBB and URLLC traffics may use different numerologies, e.g. 15kHz SCS for eMBB and 60kHz for SCS for URLLC. Alternatively, eMBB and URLLC traffics may use the same numerology, e.g. 15kHz but different transmission durations, e.g. slot based transmission for eMBB and non-slot based transmission for URLLC. As eMBB and URLLC has different reliability target, it is natural to allow separate power control parameters for different transmission durations. For a given UE, multiple transmission durations/beam may be configured and dynamic switching is possible based on gNB scheduling, therefore for each PUSCH transmission, the open loop parameter applied should be determined dynamically. 

Additionally, in multi-TRP transmission scenario, different open loop power control parameters should be considered for different type of TRPs to enhance power control efficiency and reduce interference, e.g. macro-TRP and pico-TRP coordination transmission. 
Proposal 1:
· For PUSCH open loop power control, depending on the application scenario, ‘j’ can be associated with the following,

· Different services/logic channels, e.g. eMBB, URLLC
· Different UL beam, e.g. SRI
· Different TRP 

Proposal 2:
· Explicit indication which ‘j’ can be applied for a PUSCH transmission by UL grant is supported in NR.

For PL reference RS indication, it was agreed a linkage between PUSCH beam indication and ‘k’ which is index of downlink RS resource for PL measurement is pre-configured via high layer signal. Only one value ‘k’ is RRC configured in UE specific way if PUSCH beam indication is not present. The maximum total number of PL estimates for PUSCH, PUCCH, and SRS that can be configured to a UE is limited to 4 per cell. However, which ‘k’ can be used for PL estimation if multiple ‘k’ is configured has not determined yet. Similar solutions as ‘j’ indication, either explicit or implicit signaling can be considered.

Proposal 3:
· Explicit or implicit indication which ‘k’ can be applied for PL estimation is supported in NR.

· In an explicit method, the ‘k’ index can be indicated by DCI which schedules the PUSCH

· In an implicit method, the ‘k’ can be derived from the applied ‘j’ index or SRI for the PUSCH. 

Not only for the linkage of PUSCH open loop power control parameters, but also for the linkage of PUCCH and SRS open loop power control parameters have the same issues, further discussion for the linkage among power control parameters are needed. 

2.2. On bandwidth parts
It was agreed that a UE can be configured with multiple bandwidth parts but is dynamically signaled the activated bandwidth part by L1 or L1 signaling. Additionally, the case with single active banwidth part is prioritized. The dynamic bandwidth part adaptation may include the banwdith adaptation or bandwidth part ’jumping’. The configured multiple bandwidth parts may use the same or different numerologies. 
In addition, differnt banwdith parts may experience differnt interference situation (for both intra-cell and inter-cell), as well as considering differnt banwdith parts may be received by different TRPs at the network side. Therefore it is reasonable to support banwidth part specific power control, which includes the open loop parameters (e.g. Po and alpha), and potentially closed power control loop as well. 
Proposal 4:
· NR supports bandwidth part specific UL power control, including the Po and alpha, as well as closed power control loop. 
2.3. On PHR
It has been agreed to support dynamic switch, e.g. L1/L2 signaling based, 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. 
Similar as LTE system, in LF, the power control parameter Pc,max reflects maximum UE transmission power, there is no need to be configured for per beam. However, in HF, due to the effection of RF ICs and regulation, the definition of maximum UE transmission power changes to EIRP, as EIRP can reflect actual antanna gain. Consequently,  power control formula or Pc,max definition should take into acount beam-specific antanna gain. 
As open loop parameter and PL 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 power control, beam specific virtual PHR also should be supported. 
Proposal 5:
· NR supports virtual PHRs based on the non-current 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  
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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 
[image: image5.wmf]target

PRACH,

P

. 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


[image: image7.wmf]{

}

c

f

c

f

f,c

PL

P

i

P

i

P

,

target

PRACH,

,

,

CMAX

PRACH,

),

(

min

)

(

+

=

 [dBm],
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 6: 
· One of the following options are chosen for PRACH power control for SUL.
· Two separate
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. One is the PL for non-SUL carrier which is calculated by the UE as referenceSignalPower – higher layer filtered RSRP. Another one is the PL for SUL carrier which can be calculated by the PL for non-SUL carrier plus the PL difference. The PL difference together with the 
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 for non-SUL carrier is transmitted by RMSI.
· No additional bits in RMSI and the PL difference per SUL band combinations are predefined in Spec.
3. Text proposals
It is captured in [1] that:

	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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, 
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 is provided by higher layer parameter preambleReceivedTargetPower.
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 is the preamble Received Target Power, which is derived by higher layer parameter preambleInitialReceivedTargetPower according to TS 38.321 [2]. 
	A UE determines a transmission power for a physical random access channel (PRACH) for carrier 
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 is the configured UE transmission power defined in [8, TS 38.101] for carrier 
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 is derived from parameter preambleInitialReceivedTargetPower which is signaled from higher layers..


4. Conclusion
In this contribution, we present our view on remaining issues for NR UL power control. Following proposals were made.
Proposal 1:
· For PUSCH open loop power control, depending on the application scenario, ‘j’ can be associated with the following,

· Different services/logic channels, e.g. eMBB, URLLC

· Different UL beam, e.g. SRI

· Different TRP 

Proposal 2:
· Explicit indication which ‘j’ can be applied for a PUSCH transmission by UL grant is supported in NR.

Proposal 3:
· Explicit or implicit indication which ‘k’ can be applied for PL estimation is supported in NR.

· In an explicit method, the ‘k’ index can be indicated by DCI which schedules the PUSCH

· In an implicit method, the ‘k’ can be derived from the applied ‘j’ index or SRI for the PUSCH. 

Proposal 4:
· NR supports bandwidth part specific UL power control, including the Po and alpha, as well as closed power control loop. 
Proposal 5:
· NR supports virtual PHRs based on the non-current PUSCH transmission.
Proposal 6: 
· One of the following options are chosen for PRACH power control for SUL.
· Two separate
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 for non-SUL carrier is transmitted by RMSI.

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