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1 Introduction

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

· Non-CA aspects

· Discussion on ΔTF,b,f,c (i) for PUCCH format 0
· Clarification on UE behavior when the UE reaches maximum/minimum power

· Determination of ΔTF,b,f,c (i) for UCI-only PUSCH 
· Clarification on the RS for PL measurement for PRACH power control
· CA/DC aspects

· Cross-carrier indication for power control parameters for PUCCH, SRS and PUSCH
· UE behavior for PHR on SUL/non-SUL
· How to set P0_NOMINAL_PUSCH,f,c(j) for virtual PHR
· Virtual PHR for EN-DC
· Clarification on UE assumption for virtual PHR calculation
· Reply LS to RAN2 on EN-DC power sharing

· Clarification on UE behavior for PHR for Type-B scheduling
2 Issues on UL Power Control for Non-CA Aspects
This section discusses remaining issues on UL power control for non-CA aspects.
ΔTF,b,f,c (i) for PUCCH format 0
In LTE, 1-bit and 2-bit HARQ-ACK information are transmitted by using different PUCCH formats, i.e., PUCCH format 1a and PUCCH format 1b, respectively. The additional 3 dB SINR required to achieve the same BLER for 2-bit HARQ-ACK and 1-bit HARQ-ACK is provided by ΔF_PUCCH. However, in NR, a same PUCCH format is used to transmit more than one UCI (HARQ-ACK and/or SR) bits. As a result, unlike for PUCCH formats 2/3/4, for PUCCH formats 0/1 the transmission power does not consider the UCI payload. 

For PUCCH format 1, it was agreed in RAN1#94 to add a 10log10(OUCI) factor to ΔTF,b,f,c (i). For PUCCH format 0, the issue remained FFS [1]. It was argued that a UCI payload dependent compensation for the PUCCH transmission power is not needed for PUCCH format 0 because the performance gap between 1 bit and 2 bits is not exactly 3dB (around 1dB ~ 2.5dB depending on evaluation assumptions). An additional ~1dB is needed in case SR is also multiplexed (e.g. [9]) bringing the total to at least ~2 dB. Even though the BLER difference may not as large as 3 dB, some compensation is beneficial and 1 dB can be a minimum value. 
Proposal 1: For PUCCH format 0, decide whether to keep ΔTF,b,f,c (i) as is in [7] or to add 1 dB in case of more than 1 UCI bit.
Clarification on the UE behavior when the UE reaches maximum/minimum power
In RAN1#94, the following was concluded [1]:

	Conclusion:

If the UE has reached PCMAX,f,c(i) for UL BWP c of carrier f of serving cell c for closed loop l, the UE does not accumulate positive TPC commands for closed-loop l of UL BWP b of carrier f of serving cell c.

· Up to the editor to capture the above conclusion




The above conclusion simply says that the UE does not accumulate the TPC commands if the UE has reached maximum transmission power, and it does not allow the UE to accumulate only a strict subset of the received TPC commands. During the email discussion for the review of [7], an enhancement to the above conclusion was suggested by several companies to allow TPC accumulation and for the UE to set the accumulation function to a value resulting to a total power of PCMAX,f,c(i) (using a floor function since TPC commands have integer values). The proposed enhancement is beneficial because it allows for a better UE behaviour since the UE accumulates TPC commands up to PCMAX,f,c(i) instead of none at all. The same applies for the minimum power PCMIN,f,c(i) and for PUCCH/SRS.
Proposal 2: If the UE has reached PCMAX,f,c(i) for UL BWP c of carrier f of serving cell c for closed loop l, the UE accumulates positive (or negative) TPC commands for closed-loop l of UL BWP b of carrier f of serving cell c up to a value beyond which PCMAX,f,c(i) (or PCMIN,f,c(i)) is exceeded. 
Determination of ΔTF,b,f,c (i) for UCI-only PUSCH
In RAN1#94, it was discussed [1] whether or not UCI other than CSI part 1 needs to be included in the determination of ΔTF,b,f,c (i) for UCI-only PUSCH. The main issue was that the current definition of BPRE as 
[image: image1.wmf]RE

CSI

/

BPRE

N

O

=

 is not accurate because 
[image: image2.wmf]RE

N

 can be used to multiplex additional UCI and not only CSI part 1. However, using additional UCI types, when they exist, will not lead to accurate determination of ΔTF,b,f,c (i) due to the generally different 
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 values. Also, the PUSCH MCS is indicated relative to CSI part 1. This is already reflected in TS 38.212 where the spectral efficiency (i.e. the BPRE) is 
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Proposal 3: To determine ΔTF,b,f,c (i) for UCI-only PUSCH, correct BPRE = OCSI/NRE to BPRE = Qm∙R. 
Clarification on the RS for PL measurement for PRACH power control

Section 7.4 in TS38.213 describes the following:

	PLb,f,c is a pathloss for the active UL BWP b of carrier f based on the DL RS associated with the PRACH transmission on the active DL BWP of serving cell c and calculated by the UE in dB as referenceSignalPower – higher layer filtered RSRP, where RSRP is defined in [7, TS38.215] and the higher layer filter configuration is defined in [12, TS38.331].



During the email discussion for the review of [7], it was identified that there is a case where the active DL BWP associated with the UL BWP of PRACH transmission does not contain SS/PBCH block. So, it needs to be specified where the UE obtains the SS/PBCH block for the PL measurement for PRACH power control. One simple fix is to address the case in TS38.213 as follows:

· If for a PRACH transmission, the active DL BWP does not contain an SS/PBCH block, PLb,f,c is a pathloss that the UE obtains from the initial DL BWP.
· Otherwise, PLb,f,c is a pathloss that the UE obtains based on a DL RS the UE receives on the active DL BWP.
Proposal 4: TS38.213 captures where the UE gets the SS/PBCH block for the PL measurement for PRACH power control as.
· If the active DL BWP does not contain an SS/PBCH block, PLb,f,c is a pathloss that the UE obtains from the initial DL BWP b of serving cell c.
· Otherwise, PLb,f,c is a pathloss that the UE obtains based on a DL RS the UE receives on the active DL BWP.
3 Issues on UL Power Control for CA/DC Aspects
This section discusses remaining issues on UL power control for CA/DC.
Cross-carrier indication

LTE adopts the RRC parameter pathlossReferenceLinking to link path-loss of SCells to path-loss of PCell/PSCell. This configurability of the path-loss reference allows appropriate operation for different deployment scenarios. For example, in heterogeneous network deployments, it may happen that reliable UL transmissions on an SCell is possible while the path-loss estimation on the SIB2-linked DL SCell is not sufficiently reliable due to interference. The ability to configure the path-loss to be estimated on the DL PCell for power control of the transmissions on such an uplink SCell can facilitate efficient resource usage and better load balancing among CCs. 
Since NR also needs to take these benefits by introducing pathlossReferenceLinking parameter, RAN1 agreed to support it in RAN1#90bis. According to this, RAN2 retained pathlossReferenceLinking in TS38.331 as shown below but there is no description about it in current TS38.213. 

ServingCellConfig information element

ServingCellConfig ::=

SEQUENCE {

<unrelated parts omitted>


pathlossReferenceLinking
ENUMERATED {pCell, sCell}

OPTIONAL,
-- Cond SCellOnly

}
	pathlossReferenceLinking
Indicates whether UE shall apply as pathloss reference either the downlink of PCell or of SCell that corresponds with this uplink (see 38.213, section 7)


On the other hand, it was agreed to support cross-carrier beam indication for PUCCH and SRS in MIMO AI in RAN1#92bis [2] and the corresponding WA was made in RAN1#93 as follows [3]:
	Working Assumption
Cross-carrier indication for power control parameters
· For PUCCH, if higher layer parameters “cell” and “bwp-Id” are included in the PUCCH-SpatialRelationInfo configuration:

· The reference signal corresponding to pathloss index ‘q_d’ included in PUCCH-SpatialRelationInfo is from the serving cell and active BWP indicated by the higher layer parameters “cell” and “bwp-Id”. 

Note: No RRC specification impact.



In RAN1#94, the following two alternatives to support cross-carrier indication for power control parameters were discussed but consensus could not be achieved.

· Alt1: To confirm the above working assumption and to extend it into the case of cross-carrier indication for power control parameters for SRS
· Alt2: Not to confirm the above working assumption and to use pathlossReferenceLinking parameter
Alt1 is well-aligned with MIMO agreement but there are still some remaining issues to be resolved. For example, how to support PUSCH cross-carrier indication needs to be further discussed because PUSCH has no spatial relation information. Also, there would be a case where the parameters PUCCH-SpatialRelationInfo and SRS-SpatialRelationInfo are not configured, e.g., CA with single beam in FR1. So, in such cases, how to support cross-carrier indication needs to be further studied. 

On the other hand, Alt2 is not aligned with MIMO agreement and, if Alt2 is selected, it would result to two different mechanisms; one is cross-carrier indication for beam management by using spatial relation information related parameters and the other is cross-carrier indication for power control parameters by using pathlossReferenceLinking. Considering that NR UL power control mechanism is closely related to beam management, Alt2 would not be desirable. However, Alt2 enables a unified design regardless of PUCCH, SRS and PUSCH cross-carrier indication.
As each alternative has its own pros and cons, a compromise that utilizes the advantages of each alternative is to use spatial relation information to support cross-carrier indication for PUCCH and SRS if PUCCH-SpatialRelationInfo and SRS-SpatialRelationInfo are configured and pathlossReferenceLinking is used for PUSCH cross-carrier indication, or for PUCCH or SRS if PUCCH-SpatialRelationInfo or SRS-SpatialRelationInfo is respectively not configured.
Proposal 5: For cross-carrier indication of power control parameters for PUCCH or SRS, PUCCH-SpatialRelationInfo (i.e., confirm the working assumption) or SRS-SpatialRelationInfo is respectively used if configured; otherwise, pathlossReferenceLinking is used. For cross-carrier indication of power control parameters for PUSCH, pathlossReferenceLinking is used. 
UE behavior for PHR on SUL/non-SUL

In UE feature session, the following has been agreed [4]:

	 Features
	#
	Feature group

	
	6-19
	Simultaneous transmission of SRS on an SUL/non-SUL and PUSCH/PUCCH/SRS/PRACH on the other UL carrier in the same cell


According to the above, a UE can be configured with two UL carriers for a serving cell and the UE can simultaneously transmit PUSCH on SUL/non-SUL and SRS on the other UL carrier in the same cell. In such a case, the UE may need to report both Type 1 PH and Type 3 PH. However, current MAC-CE for PHR does not distinguish non-SUL and SUL for a serving cell, i.e., PHR is cell-specific [5] and the UE cannot report both Type 1 PH and Type 3 PH for the serving cell. So, if PUSCH transmission occurs at one UL carrier and SRS transmission occurs at the other UL carrier, and if both Type 1 PH and Type 3 PH are triggered, the UE behavior on whether Type 1 PH or Type 3 PH is reported needs to be determined.

One approach is to revise current MAC-CE design and support both Type 1 PHR and Type 3 PHR for a serving cell. Obviously, there is impact on RAN2 specification and it is not desirable. Another approach is to define the UE behavior such as the UE reports only Type 1 PH. We prefer the latter approach due to its simplicity as the overall issue is not critical.
Proposal  6: If a UE is configured with two UL carriers for a serving cell and UE determines that Type 1 power headroom report for the serving cell is based on an actual PUSCH transmission and Type 3 power headroom report for the serving cell is based on an actual SRS transmission, the UE provides the Type 1 power headroom report.

How to set P0_NOMINAL_PUSCH,f,c(j) for virtual PHR
In RAN1#92, the following was agreed [6]:

	Agreement
Default parameter setting for virtual PHR

How to set {j, qd, l}

· For j, P0alphasetindex = 0 of p0-pusch-alpha-setconfig
· For qd, pusch-pathlossreference-index = 0 of pusch-pathloss-Reference-rs
· For l, l =0
· Note: If the UE is configured with multiple UL BWPs, j, qd, l corresponding to lowest BWP ID are used




P0 value consists of cell-specific P0_NOMINAL_PUSCH,f,c(j) and UE-specific P0_UE_PUSCH,b,f,c(j) but in the above agreement, how to set P0_UE_PUSCH,b,f,c(j) is defined, i.e., P0alphasetindex = 0 of p0-pusch-alpha-setconfig. So, how to set cell-specific P0 value for virtual PHR needs to be specified.

In RAN1#94, it was proposed to use different P0_NOMINAL_PUSCH,f,c(j) values depending on higher layer configuration, i.e., if P0alphasetindex = 0 is configured by higher layer parameter ConfiguredGrantConfig, P0_NOMINAL_PUSCH,f,c(1) is used. Otherwise, P0_NOMINAL_PUSCH,f,c(2) is used. This may be an option but it unnecessarily complicates UE behavior. It is more important to align the parameters between UE and gNB for virtual PHR calculation and which value is used for the calculation is less important than the alignment. For simplicity, P0_NOMINAL_PUSCH,f,c(0) is used.

Proposal  7: For virtual PUSCH PHR calculation, P0_NOMINAL_PUSCH,f,c(0) is used.
Virtual PHR for EN-DC
For LTE, TS 36.213 specifies the following 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.    

	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. 


Proposal  8: Capture in TS 38.213 the above text from TS 36.213 (with the change of phr-ModeOtherCG-r12 to phr-ModeOtherCG).
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  9: For virtual PUSCH/SRS PHR, 
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is computed assuming ΔTIB,c = 0dB.
Reply LS to RAN2 on EN-DC power sharing
RAN2 sent the following LS to RAN1 and RAN4 to ask whether or not their assumption is correct [8]:

	RAN1 had earlier informed RAN2 that the UE uses dynamic power sharing if “P_lte + P_nr > X_total”. However, according to RAN4’s input, the power restriction values are only applicable to FR1. Furthermore, the transmit power available per UE is not only determined by the power class but also by the configured power restriction per UE. Hence, it is RAN2’s understanding that the UE uses dynamic power sharing if 
“p-LTE + p-NR-FR1 > min {p-UE-FR1, power class}”. RAN2 would like to ask RAN1 and RAN4 to review this assumption and, if they agree, to adjust their specifications accordingly if necessary. 


UE transmission power in transmission occasion i is determined by minimum of the configured maximum UE transmission power, i.e., PCMAX,f,c(i) and the calculated transmission power. The UE power class is already reflected into PCMAX,f,c(i) because PCMAX,f,c(i) is a function of the UE power class. So, RAN2’s understanding needs to be modified as the UE uses dynamic power sharing if “p-LTE + p-NR-FR1 > p-UE-FR1”
Proposal  10: Send a reply LS to RAN2 to inform that a UE uses dynamic power sharing if “p-LTE + p-NR-FR1 > p-UE-FR1”.

Clarification on UE behavior for PHR for Type-B Scheduling
In RAN1#93, the following was agreed [3]:

	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 slot-based PUSCH 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 non-slot-based PUSCH 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: CC carrying PHR is slot-based and CC for PHR calculation is also slot-based.
· Case 2: CC carrying PHR is slot-based but CC for PHR calculation is non-slot based.
· Case 3: CC carrying PHR is non-slot based but CC for PHR calculation is slot-based.
· Case 4: CC carrying PHR is non-slot based and CC for PHR calculation is also non-slot based.
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 11: If a PUSCH on the CC for PHR calculation is non-slot based, 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 Conclusion

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

Non-CA aspects
Proposal 1: For PUCCH format 0, decide whether to keep ΔTF,b,f,c (i) as is in [7] or to add 1 dB in case of more than 1 UCI bit. 
Proposal 2: If the UE has reached PCMAX,f,c(i) for UL BWP c of carrier f of serving cell c for closed loop l, the UE accumulates positive (or negative) TPC commands for closed-loop l of UL BWP b of carrier f of serving cell c up to a value resulting to PCMAX,f,c(i) (or PCMIN,f,c(i)).
Proposal 3: To determine ΔTF,b,f,c (i) for UCI-only PUSCH, correct BPRE = OCSI/NRE to BPRE = Qm∙R. 
Proposal 4: TS38.213 captures where the UE gets the SS/PBCH block for the PL measurement for PRACH power control as.

· If the active DL BWP does not contain an SS/PBCH block, PLb,f,c is a pathloss that the UE obtains from the initial DL BWP b of serving cell c.
· Otherwise, PLb,f,c is a pathloss that the UE obtains based on a DL RS the UE receives on the active DL BWP.
CA/DC aspects
Proposal 5: For cross-carrier indication of power control parameters for PUCCH or SRS, PUCCH-SpatialRelationInfo (i.e., confirm the working assumption) or SRS-SpatialRelationInfo is respectively used if configured; otherwise, pathlossReferenceLinking is used. For cross-carrier indication of power control parameters for PUSCH, pathlossReferenceLinking is used. 
Proposal  6: If a UE is configured with two UL carriers for a serving cell and UE determines that Type 1 power headroom report for the serving cell is based on an actual PUSCH transmission and Type 3 power headroom report for the serving cell is based on an actual SRS transmission, the UE provides the Type 1 power headroom report.

Proposal  7: For virtual PUSCH PHR calculation, P0_NOMINAL_PUSCH,f,c(0) is used.
Proposal  8: Capture in TS 38.213 the above text from TS 36.213 (with the change of phr-ModeOtherCG-r12 to phr-ModeOtherCG).
Proposal  9: For virtual PUSCH/SRS PHR, 
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is computed assuming ΔTIB,c = 0dB.
Proposal  10: Send a reply LS to RAN2 to inform that a UE uses dynamic power sharing if “p-LTE + p-NR-FR1 > p-UE-FR1”.
Proposal 11: If a PUSCH on the CC for PHR calculation is non-slot based, 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.
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