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1 Introduction

This contribution discusses the following remaining issues on NR UL power control:

· Non-CA aspects

· BPRE in ΔTF,b,f,c (i) for UCI-only PUSCH
· How to set power control parameters in case of BFR
· Reference PL to apply in case of BWP switching
· CA/DC aspects

· UE assumption for virtual PHR calculation
· PHR for PUSCH mapping Type-B
· Miscellaneous aspects

· Number of closed-loop power control processes maintained at the PHY 
· Virtual PHR for EN-DC
2 Issues on UL Power Control for Non-CA Aspects
This section discusses remaining issues on UL power control for non-CA aspects.
BPRE in ΔTF,b,f,c (i) for UCI-only PUSCH
The following was agreed in RAN1#94bis [1]:

	Agreement 

To determine ΔTF,b,f,c (i) for UCI-only PUSCH, correct BPRE = OCSI/NRE to BPRE = Qm∙R/X where R is the code rate of the PUSCH, determined according to Subclause 6.1.4.1 of [6, TS38.214], and Qm is the modulation order of the PUSCH.
· FFS: X=1 or X=beta_CSI
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 in LTE) and increase the transmission power as the PUSCH power control settings are for data transmission and target a corresponding BLER. If 
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, this will effectively cancel a power increase when PUSCH includes only CSI, at least at low BPREs where 
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. This can also work but will require a potentially much larger resource allocation for the PUSCH transmission (e.g. ~3x for data/CSI BLERs of 10%/1%), in order to get a low BPRE (low code rate), than if the UE instead increased the transmission power. This can be problematic, especially for short PUSCH transmissions, where the resource allocation will need to expand in bandwidth and then the power will also need to increase through the 
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 factor. In general, assuming that the UE is not the only one transmitting at a given time and bandwidth is a useful resource, it is preferable to use UE power than consume additional bandwidth (for a power limited UE, both cases are problematic as one relies on power increase and the other relies on bandwidth increase – the solution is to allocate more symbols for the PUSCH transmission). 
Proposal 1: In 
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, BPRE = Qm∙R/X where X=1. 
How to set power control parameters in case of BFR
The following working assumption was made in RAN1#94bis [1]:

	Working Assumption
After successfully receiving BFR gNB response, until the UE receives an activation or reconfiguration of spatial relation of PUCCH resource(s), and when a corresponding PUCCH transmission uses a same spatial filter as a PRACH transmission for BFR, the corresponding PUCCH transmission shall use the following UL power control parameters.

· P0 is given by the values corresponding p0setindex =0 of p0-pucch-set (i.e., q_u=0)
· PLb,f,c(qd) is calculated according to one DL RS associated with the PRACH transmission. 

· Closed loop index l=0
· FFS: whether to apply this for CBRA 

· Notes: The above applies to PCell or PSCell.




The above working assumption is quite aligned with the BFR procedure and can therefore be confirmed. For CBRA, default parameters are required for PUCCH power control because UE has no RRC connection. For simplicity, the above working assumption can also apply for CBRA. 
Proposal 2: Confirm the above working assumption and also apply it for CBRA.
However, whether or not the closed-loop power control process is reset after BFR needs to be clarified. Possible alternatives are:

· Alt1: The closed-loop power control process is reset, i.e., gb,f,c(0, l) = 0.

· Alt2: The closed-loop power control process is set to gb,f,c(0, l) = ΔPrampup,b,f,c + δ b,f,c where δ b,f,c is the TPC command value indicated in DCI format 1_0 or DCI format 1_1 that UE detects in a search space set provided by recoverySearchSpaceId.
It has been specified that if and only if a configuration of a P0_PUCCH,b,f,c(qu) value for a corresponding PUCCH power control adjustment state l for active UL BWP b of carrier f of serving cell c is provided by higher layers, the closed-loop power control process is reset. Also, to be consistent with the BFR procedure (i.e., UL power control is beam-specific), it is preferred to support Alt2 and the same applies for PUSCH and SRS. 
Proposal 3: When a PUCCH transmission uses a same spatial filter as a PRACH transmission for BFR, the initial value of the closed-loop process is set to gb,f,c(0, l) = ΔPrampup,b,f,c + δb,f,c where δb,f,c is the TPC command value indicated in DCI format 1_0 or DCI format 1_1 that UE detects in a search space set provided by recoverySearchSpaceId and the same applies for the initial value of the closed-loop processes for PUSCH and SRS.
PL reference in case of BWP switching
In RAN1#94bis, it was discussed which PL RSs should be used for PL measurement in case of BWP switching and the following alternatives were identified [4]:

	Alt1: Only CSI-RS and SSB resources, if any, in the active DL BWP can be used for PL measurement 

· DL-BWP ID for a CSI-RS resource for PL is assumed with the same BWP ID as the active DL-BWP in serving cell of the CSI-RS resource.
Alt2: When DL BWP switches to another BWP with different BWP ID, UE could use either new or old DL BWP for the reference of the PL measurement for UL power control of the UL BWP.



Since a CSI resource is configured per cell rather than per BWP and PL measurement is performed within the active DL-BWP, the portion of the CSI-RS within the activated BWP should be used for PL measurement. So, intention of Alt1 behind is that even if BWP switches, the CSI resources should have the same BWP ID as the active DL-BWP. However, Alt1 cannot resolve the case where DL reception is performed in an activated BWP and after BWP switching, UL transmission is performed in another activated BWP. In such a case, Alt1 is still not clear because UE has not have a DL PL measurement. Using the PL measurement from the old BWP is the most reasonable option and the easiest for the UE.
Proposal 4: When a UE switches between an old DL BWP and a new DL BWP and until the UE performs PL measurement in the new DL BWP, the UE uses the PL measurement  from the old BWP.

3 Issues on UL Power Control for CA/DC Aspects
This section discusses remaining issues on UL power control for CA/DC.
UE assumption for virtual PHR calculation
It has been specified in TS38.213 that for virtual PHR calculation, UE computes 
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 assuming MPR=0dB, A-MPR=0dB, P-MPR=0dB, ΔTC = 0dB. However, there is another parameter, ΔTIB,c which is the additional tolerance defined in RAN4 and it impacts the 
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 calculation which was overlooked (not discussed). There is no motivation to apply real ΔTIB,c rather than ΔTIB,c = 0dB for virtual PHR but set the other values above to 0dB. So, it is proposed for UE to also assume ΔTIB,c = 0dB for virtual PHR calculation for both Type-1 and Type-3 virtual PHR calculation. This will also satisfy the underlying assumption in RAN2 that, when the UE reports virtual PHR, the UE does not report PCMAX because PCMAX = PCMAX,H = PCMAX,L.
Proposal  5: For virtual PUSCH/SRS PHR, 
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On PHR for PUSCH mapping Type-B
In RAN1#93, the following was agreed [6]:

	Agreement
In case of UL CA with different SCSs, when the slot of the UL transmission carrying the PHR overlaps with the slot on CC with higher SCS, the PH of the first slot with higher SCS that fully overlaps with the slot with the lower SCS is reported.


When PUSCH mapping Type A is scheduled, there is at most one PUSCH within a slot and it is started from the first OFDM symbol of the slot. On the other hand, when PUSCH mapping Type B is scheduled, it is possible that more than one PUSCH are scheduled within a slot and they can be started from any OFDM symbol of the slot. So, based on scheduling mode of a PUSCH carrying PHR and a PUSCH used for PHR calculation, there could be four cases as follows:
· Case 1: both CC carrying PHR and CC for PHR calculation use PUSCH mapping Type A.
· Case 2: CC carrying PHR uses PUSCH mapping Type A but CC for PHR calculation uses PUSCH mapping Type B.
· Case 3: CC carrying PHR uses PUSCH mapping Type B but CC for PHR calculation uses PUSCH mapping Type A.
· Case 4: both CC carrying PHR and CC for PHR calculation use PUSCH mapping Type B.
The above agreement can be applied for Case 1 and Case 3 but cannot for the Case 2 and Case 4. So, UE behavior needs to be clarified for Case 2 and Case 4 and the following are proposed.
· Case 2
As shown in Figure 5, when the slot length of the PHR-carrying CC is larger than the other aggregated CC, the slot carrying PHR will overlap with multiple slots on CC for PHR calculation. As the PUSCH for PHR calculation can be scheduled more than one within a slot, it is simple to use the PUSCH including the first OFDM symbol of the first slot on the CC for PHR calculation, which is overlapped with the slot on the PHR-carrying CC.
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Figure 5: The slot length of the PHR-carrying CC is larger than the other aggregated CC in Case 2
In Case 2, there is another scenario as shown in Figure 6 where the slot length of the PHR-carrying CC is smaller than the other aggregated CC. In this case, a slot on PHR-carrying CC will overlap with only one slot on the CC for PHR calculation. As the PUSCH for PHR calculation can be scheduled more than one within a slot, it is simple to use the PUSCH including the first OFDM symbol of the slot on the CC for PHR calculation, which is overlapped with the slot on the PHR-carrying CC.
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Figure 6: The slot length of the PHR-carrying CC is smaller than the other aggregated CC in Case 2
· Case 4
As shown in Figure 7, when the slot length of the PHR-carrying CC is larger than the other aggregated CC, the slot carrying PHR will overlap with multiple slots on CC for PHR calculation. As the PUSCH for PHR calculation can be scheduled more than one within a slot, it is simple to use the PUSCH including the first OFDM symbol of the first slot on the CC for PHR calculation, which is overlapped with the slot on the PHR-carrying CC.
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Figure 7: The slot length of the PHR-carrying CC is larger than the other aggregated CC in Case 4
In Case 4, there is another scenario as shown in Figure 8 where the slot length of the PHR-carrying CC is smaller than the other aggregated CC. In this case, a slot on PHR-carrying CC will overlap with only one slot on the CC for PHR calculation. As the PUSCH for PHR calculation can be scheduled more than one within a slot, it is simple to use the PUSCH including the first OFDM symbol of the slot on the CC for PHR calculation, which is overlapped with the slot on the PHR-carrying CC.
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Figure 8: The slot length of the PHR-carrying CC is smaller than the other aggregated CC in Case 4
Proposal 6: If PUSCH on the CC for PHR calculation uses PUSCH mapping Type B, the PUSCH including the first OFDM symbol of the first slot on the CC for PHR calculation which is overlapped with the slot on the PHR-carrying CC is used to calculate PH.
4 Miscellaneous Issues 
Number of closed-loop power control processes at the PHY

The following was concluded in RAN1#94bis [1]:

	For further discussion in RAN1#95

Whether specification clarification is needed on the number of closed-loop PC processes maintained at the physical layer.



Regarding the number of closed-loop power control (CL PC) processes, it has been agreed to support up to 2 CL PC processes for PUSCH and PUCCH, and up to 3 CL PC processes for SRS for serving cell c. Also, it was agreed in RAN1#91 that for PRACH, PUSCH, PUCCH and SRS, all power control parameters are configured per serving cell/uplink. On the other hand, the following was agreed in RAN1#92 [3]:

	Agreement: 

For UE specific pucch-PowerControl and pusch-PowerControl configuration, at least including UL power control parameter set, DL RS for path loss estimate and closed-loop power control process:

· Individual parameters are configured per BWP




In Rel-15, at a given time, only single BWP is activated and the UE has up to 2 CL PC processes for PUSCH and PUCCH and up to 3 CL PC processes for SRS. Also, a CL PC process is either reset or maintained when the UE switches UL BWP (depending on re-configuration of higher layer parameters). Therefore there is no need for a UE to maintain a CL PC process in each UL BWP. TS 38.213 clearly captures this and no further clarification is needed.

Observation 1: No further clarification is needed for the number of closed-loop power control processes of a UE.
Virtual PHR for EN-DC
The following working assumption was made in RAN1#94bis [1]:

	Working Assumption

· Capture in TS 38.213 the below text from TS 36.213 with the change of phr-ModeOtherCG-r12 to phr-ModeOtherCG
· If the UE is configured with a SCG, and if the higher layer parameter phr-ModeOtherCG-r12 for a CG indicates ‘virtual’, for power headroom reports transmitted on that CG, the UE shall compute PH assuming that it does not transmit PUSCH/PUCCH on any serving cell of the other CG.




For LTE, TS 36.213 specifies the above for virtual PHR in DC. However, virtual PHR in EN-DC is not described in TS 38.213. Further, RAN2 already defined the parameter phr-ModeOtherCG in TS 38.331 and it is used in TS 38.321 for the case of real PHR as in LTE. 

Proposal  7: Confirm the above working assumption.
5 Conclusion

In this contribution, we have discussed remaining issues on NR UL power control and the following are proposed:

Non-CA aspects
Proposal 1: In 
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, BPRE = Qm∙R/X where X=1. 
Proposal 2: Confirm the above working assumption and also apply it for CBRA.
Proposal 3: When a PUCCH transmission uses a same spatial filter as a PRACH transmission for BFR, the initial value of the closed-loop process is set to gb,f,c(0, l) = ΔPrampup,b,f,c + δb,f,c where δb,f,c is the TPC command value indicated in DCI format 1_0 or DCI format 1_1 that UE detects in a search space set provided by recoverySearchSpaceId and the same applies for the initial value of the closed-loop processes for PUSCH and SRS.

Proposal 4: When a UE switches between an old DL BWP and a new DL BWP and until the UE performs PL measurement in the new DL BWP, the UE uses the PL measurement  from the old BWP.

CA/DC aspects
Proposal  5: For virtual PUSCH/SRS PHR, 
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Proposal 6: If a PUSCH on the CC for PHR calculation uses PUSCH mapping Type B, the PUSCH including the first OFDM symbol of the first slot on the CC for PHR calculation which is overlapped with the slot on the PHR-carrying CC is used to calculate PH.
Miscellaneous issues
Proposal  7: Confirm the above working assumption.
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