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1 Introduction  

In this contribution, the remaining issues on UL power control, involving the terms of PUSCH, PUCCH, SRS, power headroom and carrier aggregation, etc., are summarized here for accelerating UL power control process, according to current agreements and some offline discussions.  
2 Remaining issues on UL power control 
2.1 On PUSCH
The following agreements on power control frameworks of PUSCH have been captured here.

	Agreements:
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· Support at least  Pcmax,c(i), MPUSCH,c(i), P0,c(j), αc(j), PLc(k), ΔTF,c(i) for NR PUSCH power control for serving cell c
· i is slot number

· j  is the index of open-loop parameter

· K is the index of RS resource(s) for pathloss measurement

· FFS: exact Pcmax,c(i) definition and notation for above 6 GHz

· MPUSCH,c is related to the scheduled BW, FFS on the details

· ΔTF,c is for single layer transmissions

· Support up to N closed-loop power control processes, i.e.,  fc(i,l), for NR PUSCH power control for serving cell c 

· N=2 is working assumption

· l is the index of closed-loop power control process

· FFS: reset trigger, e.g., parameter set reconfiguration and/or explicit signaling

· FFS: linkage and indication of {j, k, l}, explicit/implicit signalling

· Note: Exact way to capture the details of the above proposal depends on the uplink beam management and the editor

Agreements:
Support the following PUSCH power control in NR:
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· For the pathloss measurement RS indication.

· k is indicated by beam indication for PUSCH (if present) 

· 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 

· Value of P_0 is composed by cell specific component and UE specific component

· At least three cell specific component values of P_0 can be configured

· alpha is 1 by default before UE specific configuration
· Candidate values are the same as in LTE

· j can be configured for the following aspects

· grant-based PUSCH, grant-free PUSCH and PUSCH for msg 3

· PUSCH beam indication (if present) for grant-based PUSCH

· FFS: logical channel of PUSCH

· slot sets (if supported)

· Working assumption: for two uplinks of SUL band combination

· If N=2 (number of closed loop process) is configured for UE, l can be configured for the following aspects 

· PUSCH beam indication (if present) for grant-based PUSCH

· slot sets (if supported)

· grant-free PUSCH and grant based PUSCH 

· FFS: logical channel(s) carried by PUSCH

· Working assumption: for two uplinks of SUL band combination

· FFS: whether delta_TF takes into account received SNR target difference between DFT-s-OFDM and CP-OFDM or not.

· Capturing the agreement in the NR specification is up to the editor
Agreements:
· For NR-PUSCH

· Accumulative TPC command mode is supported.

· FFS: when UE has to reset fc(i)

· FFS on KPUSCH
Working Assumption:
· For NR-PUSCH

· Absolute TPC command mode is supported.

· FFS on KPUSCH
Agreements:

Confirm the following working assumption:

· For NR-PUSCH

· Absolute TPC command mode is supported.

· FFS on KPUSCH
Agreements:

For N closed-loop power control processes, i.e., fc(i,l), for NR PUSCH power control for serving cell c, the following working assumption is confirmed:
· N is up to 2
Agreement:

For closed loop power control process, f(i) in case of accumulative TPC command mode can be reset by RRC reconfiguration of P_0 and alpha




Based on the above agreements (especially, the FFS parts) and the recent offline discussions, the following remaining issues have been observed according to our best knowledge.

	Items
	Further clarification if needed

	Definition of Pcmax,c(i) 
	For above 6GHz, the definition of  Pcmax,c(i) per carrier per UE is still open.

e.g., two alternatives: Alt-1, based on maximum TRP (Total Radiated Power); Alt-2, based on maximum EIRP.

	Configuration of DL RS resource(s) for PUSCH PL estimation.
	PUSCH is associated with X1_PUSCH DL reference signal(s) for PL estimation, FFS on if X1_PUSCH can be more than 1

Maximum number of PL estimates to be maintained by UE is limited to X2_PUSCH, FFS on X2_PUSCH.

	Configuration of open-loop parameter ‘j’
	Maximum number of open-loop parameter is limited to X3_PUSCH, FFS on X3_PUSCH.

	Configuration of cell specific component values of P_0  
	Maximum number of cell specific component values is limited to X4_PUSCH, FFS on X4_PUSCH.
FYI, the following agreements have been reached:

· Value of P_0 is composed by cell specific component and UE specific component

· At least three cell specific component values of P_0 can be configured

	Definition of ΔTF,c(i)
	E.g., 
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Also FFS definition of BPRE for PUSCH w/wo UL-SCH data
· FFS: whether delta_TF takes into account received SNR target difference between DFT-s-OFDM and CP-OFDM or not.


	Definition of MPUSCH,c
	FYI, MPUSCH,c should be related to the scheduled BW

	PC parameter setting ‘j’ for logical channel of PUSCH
	Supporting whether or not j can be configured for logical channel of PUSCH.
FYI, we have the following agreement:

· j can be configured for the following aspects

· grant-based PUSCH, grant-free PUSCH and PUSCH for msg 3

· PUSCH beam indication (if present) for grant-based PUSCH

· FFS: logical channel of PUSCH

· slot sets (if supported)

· Working assumption: for two uplinks of SUL band combination

	Working assumption: 
for two uplinks of SUL band combination 

(in PC parameter setting ‘j’ configuration)
	Confirming or not?

	Working assumption: 
for two uplinks of SUL band combination 

(in PC closed loop process configuration)
	Confirming or not?

	PUSCH transmission period unit, i.e., ‘i’
	Need to define (e.g. slot, 2-symbols, 7-symbols, …)

	Value of 
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	Value of 
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	Mapping of TPC Command Field to absolute and accumulated
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	FYI, in LTE, the following mapping table can be found:
Table 5.1.1.1-2: Mapping of TPC Command Field in DCI format 0/3/4 to absolute and accumulated 
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	Details on slot sets power control
	FYI, we have the following agreement:

· j can be configured for the following aspects

· grant-based PUSCH, grant-free PUSCH and PUSCH for msg 3

· PUSCH beam indication (if present) for grant-based PUSCH

· FFS: logical channel of PUSCH

· slot sets (if supported)

· Working assumption: for two uplinks of SUL band combination

· If N=2 (number of closed loop process) is configured for UE, l can be configured for the following aspects 

· PUSCH beam indication (if present) for grant-based PUSCH

· slot sets (if supported)

· grant-free PUSCH and grant based PUSCH 

· FFS: logical channel(s) carried by PUSCH

· Working assumption: for two uplinks of SUL band combination

	Taking over or resetting f(i,l)  through explicit configuration.

	Whether or how to support that f(i,l) is taken over or reset, when the portion of one combination of {j,k,l} is switched, e.g., k is changed due to beam changing.

	P0 range for PUSCH, PUCCH, SRS
	Whether or not keep the same with LTE?, i.e., from -126 to 24dBm

	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 the MIMO agreements at least for grant-based PUSCH (when SRI field is configured).
	Confirming? Or any other suggestion on how to achieve k indication, in the case that PUSCH beam indication should be present.

Note: If not, please provide one suggestion for interpretations of PUSCH beam indication based only on the RAN1 agreements so far, so that it should be double-checked and quickly confirmed as a common understanding.

	How to indicate the {j} and {l} for PUSCH power control
	Since grant type (grant-free or grant based) and beam indication is decided per PUSCH scheduling, the following one method for indicating j and l should be considered:
 1) explicit and dynamic signaling in DCI 

1-b) explicit RRC configuration for {j,l}, and then indicating of {j} and {l} explicitly through MAC-CE.
1-c) explicit RRC configuration for {j,l}, and then indicating of {j} and {l} explicitly through DCI.
2) explicit RRC or MAC-CE configuration of the association between {j,l} and grant type or PUSCH beam indication, and then indicating of the association through DCI signalling, like PUSCH beam indication.


	Whether or not to support power scaling for different service types, like eMMB and URLLC which are FDMed within one CC


	If supported, FFS slot based and non-slot based can be respectively used for different service types.


Comments and suggestions for other remaining issues on PUSCH power control:

	Company
	Comments and suggestions for other remaining issues on PUSCH

	 DOCOMO

	· Support TRP based definition should be supported for above 6GHz
· P0 range for PUSCH, PUCCH and SRS should be from -126 to 24dBm as same with LTE-A.
· fc(i) should be taken over when combination of {j,k,l} is switched without RRC reconfiguration.

· Support to service type specific, e.g., based on logical channel priority, open-loop power control parameter and closed-loop configuration. 

	 OPPO

	· The definition of “PUSCH beam indication” to determine power control parameters, e.g. whether and when it refers to the SRI in UL grant to scheduling the PUSCH.

· How to configure the value of “j” and “l” and how to associate it with grant type or PUSCH beam indication. Since grant type (grant-free or grant based) and beam indication is decided per PUSCH scheduling, we can consider two methods for configuration: 1) explicit and dynamic signaling in DCI or 2) implicit association between the value and grant type or PUSCH beam indication.
· The scenarios and solution should be discussed for the power scaling issue when PUSCH with different service types (e.g. eMBB and URLLC) are FDMed within a CC. Slot based and non-slot based can be respectively used for different service types.

	LGE

	We suggest to have a following proposal in the summary document for making a smooth progress based on recent RAN1 emails discussions:
Proposal#1: 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 the MIMO agreements at least for grant-based PUSCH (when SRI field is configured).  (Note: It is unless there is an explicit suggestion for other interpretations based only on the RAN1 agreements so far, so that it should be double-checked and quickly confirmed as a common understanding.) 

	Huawei
	· For high frequency above 6 GHz, prefer not change the approach of power control and use similar term as Pc,max and leave to RAN4 on exact definition.
· For one specific PUSCH PL estimation, X1_PUSCH is equal to 1 in Rel-15.
· Association between j and logical channel is not supported and j can be associated with other PHY property associated with logical channel (e.g. slot length, grant type, numerology)
· Confirm working assumption related to SUL band combination.
· For transmission unit of PUSCH, slot can be used.
· Slot set based PC parameter is not supported now because there’s no any agreement in flexible duplex discussion. 
· DL RS resource with index k should be associated with one PUSCH identified with specific “beam indication” which is determined by UL MIMO/beam management discussion and the association configuration can be based on QCL between UL SRS/ DMRS for PUSCH and DL RS resource by RRC.
· Alt2 is preferred. Based on preconfigured association between {j,l} and grant-type and/or PUSCH beam indication, UE can determine {j,l} for each real transmission which is associated with specific grant-type and/or PUSCH beam indication.
· FDMed URLLC/eMBB can be FFS and slot based and non-slot based can be respectively used for different service types.
· Delta_TF only applies with single layer transmission. 
· The lower end of the Po range should be reduced by -76 dB as agreed considering SUL
· 

	Motorola Mobility, Lenovo
	· X1_PUSCH (#DL-RS for each pathloss for PUSCH) = 1
· The total number of pathloss estimates to maintain at UE for all PUSCH/PUCCH/SRS transmissions shall not exceed 8
· X3_PUSCH (#open-loop-PC configurations for PUSCH) = 16 including 1 for Msg3 and 1 for grant-free/SPS

· OL-PC could be also configured for different BWPs using different numerologies.
· X4_PUSCH (cell-specific components of P0) = 3 consisting of 1 for Msg3, 1 for grant-free/SPS, 1 for dynamic
· Definition of M_PUSCH: PUSCH bandwidth expressed in the number of PRBs
· Explicit reset or carry-over of CL namely f(i,l) for PUSCH, e.g., for beam change: support as follows

· Support separate closed-loop PC for case of gNB with multiple beams pointing to significantly different spatial directions such as with multiple TRP antenna panels. If such a separate closed-loop PC is unavailable, the closed-loop configuration would need to reset accumulation for the UE when switching between beams that point to significantly different spatial directions such as with multiple TRP antenna panels
· In the event of any or all of the following: (i) addition of a new gNB beam to the set of active beams for a UE; (ii) update or reconfiguration of TCI and/or corresponding spatial relations or QCL assumptions; the closed-loop power control process associated with that added beam and/or updated TCI will be impacted, i.e., reset or carry over depending upon the spatial relations before and after the beam addition and/or TCI update/ reconfiguration.
· Indication of ‘k’ for pathloss DL-RS 

· for the case of “PUSCH beam indication (if present)” ( SRI or SS-block or CSI-RS ID

· for the case of “no PUSCH beam indication” (   SS-block or CSI-RS ID

· Indication of ‘j’ and ‘l’ for PUSCH power control:  independently configured
· Value of K_PUSCH for TPC command: Depending on UE processing time and discussion in scheduling agenda item
· Power scaling for FDM of eMBB and URLLC  - No


2.2 On PUCCH
The following agreements on power control frameworks of PUSCH have been captured here.

	Working Assumption:

· Support Pcmax,c(i), P0_PUCCH(F), PLc(k), g(i) for NR PUCCH power control in slot i for serving cell c.
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· F is the index of PUCCH formats, e.g., F = 0 for PUCCH format 0, F = 1 for PUCCH format 1, F = 2 for PUCCH format 2, F = 3 for PUCCH format 3

· P0_PUCCH is a parameter composed of the sum of a parameter P0_NOMINAL_PUCCH configured by higher layers and a parameter P0_UE_PUCCH configured by higher layers.

· k is the index of RS resource(s) for pathloss measurement is RRC configured

· Multiple values of k can be configured by RRC signalling 

· FFS: Other approaches not requiring RRC configuration for the determination of k
· FFS: exact Pcmax,c(i) definition and notation for above 6 GHz

· Full path-loss compensation for NR PUCCH power control

· Note: 10*log10(M_PUCCH,c(i)) should be deleted 

· Note: P_0_PUCCH should be revised to P_0_PUCCH(b)

· Note: g(i) should be revised to g(i,l)

· Multiple P_0_PUCCH(b) can be configured by RRC signalling

· Support up to 2 closed-loop power control processes, i.e., l 
· The closed-loop control process is configured by RRC signalling

· Reset trigger by RRC re-configuration of P_0, FFS: beam changing, etc. 

· Only accumulative TPC command

· Support ΔPUCCH_TF,c(i) to reflect at least UCI payload size, UCI type (e.g., SR, HARQ, CSI), different coding gains, PUCCH format, coding schemes and different effective coding rates: 
· FFS: details on ΔPUCCH_TF,c(i)

· Whether ΔPUCCH_TF,c(i) includes MPUCCH,c(i)

· MPUCCH,c(i) is related to the PUCCH BW in slot i, FFS on the details

· FFS: whether ΔPUCCH_TF,c(i) takes into account received SNR target difference between DFT-s-OFDM and CP-OFDM or not.



Based on the above agreements (especially, the FFS parts) and the recent offline discussions, the following remaining issues for PUCCH have been observed according to our best knowledge.

	Items
	Further clarification if needed

	PUCCH formats
	Maximum number of PUCCH formats Y1_PUCCH, and the definition for each format (including the values of 
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	Definition of Pcmax,c(i) for above 6 GHz 
	Also mentioned in PUSCH subsection

	Configuration of DL RS resource(s) for PUCCH PL estimation.
	PUCCH is associated with Y2_PUCCH DL reference signal(s) for PL estimation, FFS on if Y2_PUCCH can be more than 1

Maximum number of PL estimates to be maintained by UE is limited to Y3_PUCCH, FFS on Y3_PUCCH.

	P0_PUCCH(b)/ P0_NOMINAL_PUCCH/ P0_UE_PUCCH
	Maximum number of P0_PUCCH(b)  is limited to Y4_PUCCH, FFS on Y4_PUCCH.
Maximum number of P0_NOMINAL_PUCCH is limited to Y5_PUCCH, FFS on Y5_PUCCH.
Maximum number of P0_UE_PUCCH  is limited to Y6_PUCCH, FFS on Y6_PUCCH.


	Definition ofΔPUCCH_TF,c(i)
	To be more specific, to support ΔPUCCH_TF,c(i) to reflect at least UCI payload size, UCI type (e.g., SR, HARQ, CSI), different coding gains, PUCCH format, coding schemes and different effective coding rates: 
· FFS: details on ΔPUCCH_TF,c(i)

· Whether ΔPUCCH_TF,c(i) includes MPUCCH,c(i)

· MPUCCH,c(i) is related to the PUCCH BW in slot i, FFS on the details

· FFS: whether ΔPUCCH_TF,c(i) takes into account received SNR target difference between DFT-s-OFDM and CP-OFDM or not.


	PUCCH transmission period unit, i.e., ‘i’
	Need to define (e.g. slot, 2-symbols, 7-symbols, …)
If
 slot-level is supported, in one CC, scaling PUSCH power for keeping PUCCH transmission power with higher priority should be considered.  

	Value of km for accumulative TPC mode
	Eg., 
[image: image17.wmf]()(1)()

PUCCHm

gigiik

d

=-+-

 in LTE

FFS: For TDD, e.g., 
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	Mapping of TPC Command Field to absolute and accumulated 
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	FYI, in LTE, the following mapping table can be found:
Table 5.1.2.1-1: Mapping of TPC Command Field in DCI format 1A/1B/1D/1/2A/2B/2C/2D/2/3 to 
[image: image20.wmf]PUCCH

d

 values

TPC Command Field in

DCI format 1A/1B/1D/1/2A/2B/2C/2D/2/3


[image: image21.wmf]PUCCH

d

 [dB]
0

-1

1

0

2

1

3

3



	Taking over or resetting g(i,l)  through explicit configuration
	Whether or how to support that g(i,l) is taken over or reset, when the portion of one combination of {b,k,l} is switched, e.g., k is changed due to beam changing.
FYI. We have the following related agreement:

· Support up to 2 closed-loop power control processes, i.e., l 
· The closed-loop control process is configured by RRC signalling

· Reset trigger by RRC re-configuration of P_0, FFS: beam changing, etc. 

· Only accumulative TPC command


Comments and suggestions for other remaining issues on PUCCH power control:

	Company
	Comments and suggestions for other remaining issues on PUCCH

	 DOCOMO
	· gc(i) should be taken over when k is switched without RRC reconfiguration.


	Huawei
	· PUCCH format definition should include the OFDM number for PUCCH (e.g. long/short)
· Y2_PUCCH is 1 in Rel-15
· PUCCH unit can be slot and symbol level and if TDM PUSCH/PUCCH is supported, power scaling should be supported for keepint same power for PUSCH/PUCCH.
· TPC resetting is same as PUSCH

	Motorola Mobility, Lenovo
	· The total number of pathloss estimates to maintain at UE for all PUSCH/PUCCH/SRS transmissions shall not exceed 8
· Explicit reset or carry-over of CL namely, g(i,l) for PUCCH, e.g., for beam change: support as follows

· Support separate closed-loop PC for case of gNB with multiple beams pointing to significantly different spatial directions such as with multiple TRP antenna panels. If such a separate closed-loop PC is unavailable, the closed-loop configuration would need to reset accumulation for the UE when switching between beams that point to significantly different spatial directions such as with multiple TRP antenna panels

· Y2_PUCCH (#DL-RS for each pathloss for PUCCH) = 1
· Value of K_m for TPC command: Depending on UE processing time and discussion in scheduling agenda item


2.3 On SRS
The following agreements on power control frameworks of SRS have been captured here.

	Agreements:

For SRS power control
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–       A unified power control equation is defined regardless of whether SRS is intended for DL/UL CSI acquisition or beam management as shown above.

   FFS whether or not to introduce P_SRS_OFFSET,c
   Note: the exact equation including the index of each parameter is up to the editor.

–       Whether or not SRS power control is tied with corresponding PUSCH power control is based on RRC signaling and the following is down selected.

   Alt.1: explicit configuration

   Alt.2: implicit configuration by gNB implementation

   e.g., gNB configures the same values for some parameters between PUSCH power control and SRS power control or the same association rule among P0_SRS,c, α_SRS,c, PL reference and closed-loop is applied for PUSCH and SRS power control

   In Alt.2, no RRC configuration is needed for signaling the direct linkage between PUSCH and SRS power control

–       FFS: details on the indication of the linkage via L1 signaling, e.g., using SRI in DCI, or an association rule among P0_SRS,c, α_SRS,c, PL reference and closed-loop applied for PUSCH and SRS power control

–       The following are configured by RRC

   FFS: P_SRS_OFFSET,c

   P0_SRS,c

   α_SRS,c

   ‘k1’ which indicates DL reference RS(s) for PL estimation

   FFS if the configuration of ‘k1’ can be optional.

   FFS: P0_SRS,c; α _SRS,c; k1; h_SRS,c, P_SRS_OFFSET,c can be configured for each configured SRS resource in the SRS resource set or only per SRS resource set (if P_SRS_OFFSET,c is supported).

   Configuration should support an option for common values for at least P0_SRS,c; k1; α _SRS,c, P_SRS_OFFSET,c to be applied for all the configured SRS resource(s) in the SRS resource set (if P_SRS_OFFSET,c is supported).

   Note: it is not precluded that the same parameters are configured for multiple SRS resource sets by gNB configuration.

–       For h_SRS,c(i),

   At least the following can be configured by RRC for serving cell c on which the UE is configured with PUSCH

   h_SRS,c(i) = fc(i,l) where l = 1, 2

   FFS on the following

–       If h_SRS,c(i) = 0 is supported.

–       If additional closed loop is supported for SRS power control in case that SRS power control is tied with PUSCH power control.

–       h_SRS,c(i) in case that SRS power control is not tied with PUSCH power control

–       If both accumulative TPC and absolute TPC are supported for SRS power control

   For serving cell c on which the UE is not configured with PUSCH

–       Closed-loop power control process for SRS is separately configured and not linked to closed-loop power control process for PUSCH of other serving cell(s) on which the UE is configured with PUSCH

–       For PL estimation,

   Each SRS resource set is associated with X1 DL reference signal(s) for PL estimation, FFS on if X1 can be more than 1
   Maximum number of PL estimates to be maintained by UE is limited to X2, FFS on X2.

   FFS: PL estimation associated with k1 should be kept unchanged per the configured SRS resource set

–       It is assumed here that a UE expects the gNB to configure the same type of time-domain behavior (i.e., periodic, semi-persistent, or aperiodic) for all SRS resources in a SRS resource set.

   This assumption can need to be revisited based on discussion in other AI.

–       Definition of M_SRS,c(j) will be discussed in Reno meeting

   For further discussion, some examples are captured here assuming that M PRBs are allocated for both 15 kHz SCS and 120 kHz SCS

   Alt.1: expressed in the number of PRBs based on 15 kHz regardless of number of PRBs allocated for SRS transmission

–       For 15 kHz SCS, Msrs,c(j) = M  and for 120 kHz SCS, Msrs,c(j) = 8M 

   Alt.2: expressed in terms of the number of PRBs allocated for SCS transmission

–       For 15 kHz SCS, Msrs,c(j) = M  and for 120 kHz SCS, Msrs,c(j) = M 

   Alt.3: expressed in the number of PRBs based on 15 kHz SCS for sub-6GHz and based on 60 kHz SCS for above 6 GHz

–       For 15 kHz SCS, Msrs,c(j) = M  and for 120 kHz SCS, Msrs,c(j) = 2M




Based on the above agreements (especially, the FFS parts) and the recent offline discussions, the following remaining issues for SRS have been observed according to our best knowledge.
	Items
	Further clarification if needed

	Configuration of SRS power control per SRS resource or SRS resource set
	FFS: P0_SRS,c; α _SRS,c; k1; h_SRS,c, P_SRS_OFFSET,c can be configured for each configured SRS resource in the SRS resource set or only per SRS resource set (if P_SRS_OFFSET,c is supported)

	P_SRS_OFFSET,c
	FFS whether or not to introduce P_SRS_OFFSET,c for SRS UL power control;
· If not, whether or not cell-specific P0_SRS should be introduced also.

	Explicit RRC signaling or association rules for tying between  SRS and PUSCH power control
	To be more specific,  

Whether or not SRS power control is tied with corresponding PUSCH power control is based on RRC signaling and the following is down selected.

   Alt.1: explicit configuration

   Alt.2: implicit configuration by gNB implementation

   e.g., gNB configures the same values for some parameters between PUSCH power control and SRS power control or the same association rule among P0_SRS,c, α_SRS,c, PL reference and closed-loop is applied for PUSCH and SRS power control

   In Alt.2, no RRC configuration is needed for signaling the direct linkage between PUSCH and SRS power control

–       FFS: details on the indication of the linkage via L1 signaling, e.g., using SRI in DCI, or an association rule among P0_SRS,c, α_SRS,c, PL reference and closed-loop applied for PUSCH and SRS power control



	Configuration of ‘k1’
	‘k1’ which indicates DL reference RS(s) for PL estimation

   FFS if the configuration of ‘k1’ can be optional.



	Configuration of closed-loop process
	FFS on the following

–       If h_SRS,c(i) = 0 is supported.

–       If additional closed loop is supported for SRS power control in case that SRS power control is tied with PUSCH power control.

–       h_SRS,c(i) in case that SRS power control is not tied with PUSCH power control

–       If both accumulative TPC and absolute TPC are supported for SRS power control



	Maximum number of closed loop process for SRS
	To support the cases that SRS power control is not tied with PUSCH power control:
· Maximum number of closed loop process for SRS Z0_SRS

	Configuration of DL RS resource(s) for SRS PL estimation.
	PUCCH is associated with Z1_SRS DL reference signal(s) for PL estimation, FFS on if Z1_SRS can be more than 1

Maximum number of PL estimates to be maintained by UE is limited to Z2_SRS, FFS on Z2_SRS.

	Constant PL estimate per SRS resource set 
	FFS: PL estimation associated with k1 should be kept unchanged per the configured SRS resource set

	Definition of M_SRS,c(j)
	 For further discussion, some examples are captured here assuming that M PRBs are allocated for both 15 kHz SCS and 120 kHz SCS

   Alt.1: expressed in the number of PRBs based on 15 kHz regardless of number of PRBs allocated for SRS transmission

–       For 15 kHz SCS, Msrs,c(j) = M  and for 120 kHz SCS, Msrs,c(j) = 8M 

   Alt.2: expressed in terms of the number of PRBs allocated for SCS transmission

–       For 15 kHz SCS, Msrs,c(j) = M  and for 120 kHz SCS, Msrs,c(j) = M 

   Alt.3: expressed in the number of PRBs based on 15 kHz SCS for sub-6GHz and based on 60 kHz SCS for above 6 GHz

–       For 15 kHz SCS, Msrs,c(j) = M  and for 120 kHz SCS, Msrs,c(j) = 2M.


	SRS transmission period unit, i.e., ‘i’
	Need to define (e.g. slot, 2-symbols, 7-symbols, …)

	Value of kSRS for accumulative/absolute TPC mode (if supported), respectively 
	Eg., 
[image: image23.wmf],,

()(1)()

SRScSRScSRSSRS

hihiik

d

=-+-

 

	Mapping of TPC Command Field to absolute and accumulated 
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	FYI, in LTE, the following mapping table for PUSCH, which is also used for SRS, can be found:

Table 5.1.2.1-1: Mapping of TPC Command Field in DCI format 1A/1B/1D/1/2A/2B/2C/2D/2/3 to 
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	Power scaling between multiple FDMed SRS resources
	Power scaling issue if multiple SRS resources are FDMed within a symbol from a UE perspective. For example, for non-codebook based transmission, multiple single port SRS resources with the same analog beam and different precoder can be transmitted in the same symbol.


Comments and suggestions for other remaining issues on power headroom:

	Company
	Comments and suggestions for other remaining issues on power headroom

	DOCOMO

	· PSRS_OFFSET,c is not needed.
· For beam management hSRS,c(i) = 0, and for CSI acquisition hSRS,c(i) = fc(i,l) tied with related PUSCH transmissio

	 OPPO

	· Power scaling issue if multiple SRS resources are FDMed within a symbol from a UE perspective. For example, for non-codebook based transmission, multiple single port SRS resources with the same analog beam and different precoder can be transmitted in the same symbol.

	Huawei
	· Support only resource-set specific configuration for SRS.

· P_SRS_OFFSET,c is introduced only for SRS PC tied to PUSCH PC.

· Explicit RRC configuration on whether SRS PC is tied with corresponding PUSCH PC.

· k1 is configured explicitly.

· h_SRS,c(i) = 0 is not supported.

· SRS PC closed-loop in addition to corresponding PUSCH PC closed loop is not supported.

· h_SRS,c(i) is supported for SRS PC not tied with PUSCH PC

· Both accumulative TPC and absolute TPC are supported.
· Max number of SRS closed loop processes = max for PUSCH closed loop processes
· Z1_SRS ≥ 1.

· Max number of PL for SRS = max of k for PUSCH.

· PL estimation associated with k1 should be kept unchanged per the configured SRS resource set.
· Alt. 2 “M_SRS,c(j) expressed in terms of the number of PRBs allocated for SCS transmission” is supported.
· SRS transmission period unit, i.e., ‘i’, is for slot
· 
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· Same as NR PUSCH TPC table
· Power scaling for FDMed SRS within the same symbol: keep power unchanged intra-slot; otherwise proportional scaling

	Motorola Mobility, Lenovo
	· Z1_SRS (#DL-RS for each pathloss for SRS) = 1
· The total number of pathloss estimates to maintain at UE for all PUSCH/PUCCH/SRS transmissions shall not exceed 8
· Definition of M_SRS: SRS bandwidth expressed in the number of PRBs
· Configuration of SRS power control per SRS resource or resource set: Support SRS PC parameters configuration per SRS resource in the SRS resource set. RRC signalling supports option of common values for SRS PC parameters to applied for all the configured SRS resource(s) in the SRS resource set.
· To achieve the agreed low signaling overhead indication/activation/triggering of a single SRS resource set for multiple SRS resources in the case of SRS PC tied to PUSCH PC, e.g., for SRS resources aimed at UL/DL CSI acquisition
· P_SRS_OFFSET,c: No separate PSRS_OFFSET,c is needed. 
· The PC power formula need not distinguish SRS for UL/DL CSI acquisition from SRS for UL beam management. As discussed in 2.1, independent P0_SRS,c and αSRS,c are configured per SRS resource. 
· With the introduction of P0,SRS,c as above, we don’t see the need for the term PSRS_OFFSET,c. The gNB can configure the appropriate value of P0,SRS,c to make it linked to PUSCH (e.g., like P0,PUSCH,c (j) plus some offset) or not. Basically, this is similar to the case for SRS without PUCCH/PUSCH configured in LTE. 
· Explicit RRC signaling or association rules for tying between SRS and PUSCH power control: Alt.2; implicit configuration by gNB implementation regarding linking of SRS power control with corresponding PUSCH power control. No indication needed via L1 signaling of any linkage between SRS and PUSCH power control
· Configuration of closed-loop process for SRS: use one of the 2 closed loops for PUSCH PC or no closed-loop (i.e., open-loop only)
· Z0_SRS (Maximum number of closed loop process for SRS) = 2
· Configuration of ‘k1’ for SRS and whether it is optional: k1 shall be configured for each SRS resource 

· Constant PL estimate per SRS resource set: As k1 can be configured per SRS resource in the SRS resource set, the PL estimate can be different 

· Value of K_SRS for TPC command: Depending on UE processing time and discussion in scheduling agenda item


2.4 On Power Headroom

The following agreements on power headroom have been captured here.

	Agreements:
· Support PH calculation for PUSCH transmission

· Calculation for current transmission 

· FFS: Calculation for non-current transmission
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Agreement:

· Support Pcmax,c reporting for PHR corresponding to NR PUSCH only transmission

Above is supported at least for sub-6GHz. 
Agreement:

· Support one PHR format: PH and Pcmax,c

· FFS: PHR reporting restriction for short UE timeline cases (ex: reporting virtual PHR)




Based on the above agreements (especially, the FFS parts) and the recent offline discussions, the following remaining issues for PHR have been observed according to our best knowledge.
	Items
	Further clarification if needed

	Whether or not to support PHR for non-current transmission, i.e., virtual PHR
	The PHR for non-current transmission is also calculated on the indicated combination of {j,k,l}.
FFS: Calculation for non-current transmission

If supported, its details should be further clarified.

	Whether or not to support PHR for SRS
	If supported, FFS the details.

	

	

	PHR reporting restriction
	· Support one PHR format: PH and Pcmax,c

· FFS: PHR reporting restriction for short UE timeline cases (ex: reporting virtual PHR)

	PHR calculation period unit, i.e., ‘i’
	Need to define (e.g. slot, 2-symbols, 7-symbols, …)

	Support Pcmax,c reporting for PHR corresponding to NR PUSCH only transmission for above 6GHz
	FYI, 
Agreement:

· Support Pcmax,c reporting for PHR corresponding to NR PUSCH only transmission

Above is supported at least for sub-6GHz. 



Comments and suggestions for other remaining issues on power headroom:

	Company
	Comments and suggestions for other remaining issues on power headroom

	DOCOMO

	· Support Pcmax,c reporting for above 6GHz as well as below 6GHz if TRP based Pcmax,c is defined.
· Support non-current PHR, where PH is calculated with a combination of {j,k,l} which is pre-configured and triggered by gNB.

	 LG

	·  Simultaneous transmission of PUCCH and PUSCH is out of Rel-15 NR scope. So, we don’t need to discuss PHR for this case in Rel-15

	Huawei
	· Note that the LS from RAN2 (R2-1712065) should be considered. Virtual and real PHR type 1 and Type 2 are supported.

· PH for non-current transmission (e.g. virtual type1 PH) is computed with a set of {j0, k0, l0}, where k0 is related to the beam the UE preferred to report; j0 and l0 can be inferred from k0, but it would require gNB’s extra configuration.

· Support type3 PH for SRS, mostly reusing LTE.

Support a new type PH for PUCCH, especially for short-PUCCH. The calculation of PUCCH PH is analogous to that of type 1 PH.

	Motorola Mobility, Lenovo
	· Virtual PHR: support (Reference format similar to that in LTE)

· Support triggering a PHR upon addition of a new gNB beam to the set of existing active beams. The PHR is for an UL beam associated with the newly added gNB beam
· Support aperiodic triggering of a PHR from a set of non-current transmission beams
· Pcmax reporting for PUSCH PHR above 6 GHz: support

· PHR for SRS: for serving cell without PUSCH


2.5 On Carrier Aggregation

UL power control for carrier aggregation (CA) for PUSCH in LTE have been captured as background.     

	Section 5.1.1.1 in rel-14

… 

If the UE is not configured with an SCG or a PUCCH-SCell, and if the total transmit power of the UE would exceed 
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is satisfied where 
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If the UE is not configured with an SCG or a PUCCH-Scell, and if the UE has PUSCH transmission with UCI on serving cell j and PUSCH without UCI in any of the remaining serving cells, and the total transmit power of the UE would exceed 
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is satisfied where 
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 without UCI.  In this case, no power scaling is applied to 
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 and the total transmit power of the UE still would exceed 
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If the UE is not configured with an SCG or a PUCCH-SCell, and if the UE has simultaneous PUCCH and PUSCH transmission with UCI on serving cell j and PUSCH transmission without UCI in any of the remaining serving cells, and the total transmit power of the UE would exceed 
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UL power control for carrier aggregation (CA) for SRS in LTE have been captured as background.        

	Section 5.1.3.1 in rel-14

… 

If the UE is not configured with an SCG or a PUCCH-SCell, and if the total transmit power of the UE for the Sounding Reference Symbol in an SC-FDMA symbol would exceed 
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 and the SC-FDMA symbol in subframe i such that the condition
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is satisfied where 
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If the UE is not configured with an SCG or a PUCCH-SCell, and if the UE is configured with multiple TAGs and the SRS transmission of the UE in an SC-FDMA symbol for a serving cell in subframe 
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in a TAG overlaps with the SRS transmission in another SC-FDMA symbol in subframe 
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for a serving cell in another TAG, and if the total transmit power of the UE for the Sounding Reference Symbol in the overlapped portion would exceed 
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 and each of the overlapped SRS SC-FDMA symbols in subframe 
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If the UE is configured with a LAA SCell for uplink transmissions, the UE may compute the scaling factor 
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(

i

w

 assuming that the UE performs a SRS transmission on the LAA SCell in subframe i irrespective of whether the UE can access the LAA SCell for the SRS transmission in subframe i according to the channel access procedures described in Subclause 15.2.1.


Comments and suggestions for remaining issues on UL power control - carrier aggregation (CA):

	Company
	Comments and suggestions for remaining issues on UL power control - carrier aggregation (CA)

	 DOCOMO

	· Reuse LTE scaling factor w(i) for serving cell c to handle power-limited case in NR-NR CA where 0 ≤w(i)≤1.
· Reuse LTE virtual PHR for NR-NR CA.

	 OPPO

	· The power scaling issue when PUSCH and PUCCH are simultaneously transmitted in different CCs from a UE perspective, including short PUCCH and long PUCCH. Especially for short PUCCH case, the power scaling on partial PUSCH symbols may lead to some other issues which need to be discussed in Reno.

· The power scaling issue when PUSCH with different service types (e.g. eMBB and URLLC) are simultaneously transmitted in different CCs. 

	 LG

	· PHR for CA case should be defined (for all the configured carriers or for carriers with PUSCH scheduling, for the case of different slot length, for the case of different PUSCH scheduling delay, etc.)
· Handling of power limitation case (due to Pcmax) should be defined considering different slot length, physical channel types, different waveforms, etc

	 Huawei, HiSilicon
	Issue1: Considering simultaneous transmission of PUSCH/PUCCH on carriers with different numerologies, how to allocate the transmission power among CC needs to be studied. 
Scheme: For the case that M (M>1) component carriers configured for UE have N (N>1, N<=M) types of numerologies, the M component carriers can be grouped into N CGs, i.e., 
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· The maximum allowed transmission power 
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· Power scaling/sharing mechanism of LTE CA can be reused for power sharing within the CG 
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(g=1,…,N). 
Issue2: If UE can’t determine the required transmission power of PUSCH/PUCCH/SRS on the all configured CCs before the earliest transmission on the corresponding slot, how to guarantee the reliable transmission of the CC with higher priority.
Scheme: Power adaptation within one slot can be considered as one optional scheme for NR CA, i.e., transmission of one CC on the overlapped duration can be suspended to leave power for that of another CC with higher priority. 
· Priority: PUCCH>PUSCH with UCI>PUSCH without UCI>SRS
· Power of DMRS on the overlapped duration keeps unchanged with its normal transmission power which matches with the data channel.
· For the suspended PUSCH, CBG-based retransmission can be adopted



Thanks so much for your suggestions, and we have not many discussions/agreements on NR-CA before. So, we recommend to confirm the NR-CA scenarios firstly, which should be solved in Reno meeting, and then try to capture the remaining issues in second round in RAN1 reflector. According to our best knowledge, the following CA scenario should be considered. 
Proposals: In NR, the CA between the following scenarios should be supported or not.
	
	Short PUCCH
	Long PUCCH
	PUSCH
	SRS

	Short PUCCH
	Not supported
	Not supported
	Supported
	Supported

	Long PUCCH
	
	Not supported
	Supported
	Supported

	PUSCH
	
	
	Supported
	Supported

	SRS
	
	
	
	Supported


Notes that the combination cases of “Short PUCCH + PUSCH+SRS” and “Long PUCCH+PUSCH+SRS” also should be supported in NR CA.
Comments and suggestions for the NR-CA scenarios:

	Company
	Comments and suggestions for NR-CA scenarios

	Huawei, HiSilicon
	First, the CA scenario discussion should not be decided under power control agenda. 

The scenarios of simultaneous transmission of PUCCH/PUSCH/PUSCH with UCI/PUSCH without UCI/SRS for one/two PUCCH cell groups defined in LTE can be supported. 
· PUCCH can be Short PUCCH or Long PUCCH

	
	

	
	


�Revised according DOCOMO’s suggestion. 


�Updated according to OPPO’s comments


�Thanks so much.





The 1st  and 2nd comments have been capture recently (thanks so much for your adding one open issue of P0 range). 





Regarding the 3rd comment, I revise the previous remaining issues accordingly.





Regarding 4th comments, we do not have any explicit agreement on service-type power control. Consequently, the service-type specific power control is capture firstly.


�Thanks so much.





Regarding 1st  comment and LGE’s suggestion, the wording recommended by LGE have been added  accordingly.





Regarding 2nd comments, the value of “j” and “l” have been agreed as RRC configured, but the range of them is FFS, which have been captured already. How to indicate them is unclear, like your first comments. So I capture the latter accordingly.





Regarding 3rd comments, we do not have any explicit agreement on service-type power control. Consequently, the service-type specific power control is capture firstly. 


�Thanks so much for your proposal. It have been captured above as one remaining issue.


�One more remaining issue is captured here.


�Revised accordingly.


�Thanks so much for providing your views. 





In the second round, the views from different companies would like to be captured through RAN1 reflector;








�Thanks so much for raising this issue, which has been captured above. Let’s see the views from proponents accordingly in second round.


�Simultaneous transmission of PUCCH and PUSCH is out of Rel-15 NR scope. So, we don’t need to discuss PHR for this case in Rel-15


�Regarding 1st comments, it has been captured. Assume that this is also recommended for NR PUSCH only transmission. 





Regarding 2nd comments, the further interpretation on combination of {j,k,l} have been added accordingly. It is rephrased, J.


�Thanks so much for your comments. The simultaneous transmission part has been removed.


�Thanks so much. Agree that LTE scaling factor should be seen as one base-line. Besides, we need some more detailed design, as you see next meeting is last one for Rel-15.


�Thanks so much for your comments and suggestions.





Regarding 1st comment, in our views, the key point is what is the time periodic in NR UL power control. For slot-level or symbol level power control, we may have different solutions.





Regarding 2nd comment, let’s try to agree service-specific power control firstly. 


�Thanks so much.





Regarding first one, in our views, we need to decide the UL power control period firstly. For slot-level or symbol level power control, we may have different solutions.





Regarding second one, similar to the first comments, if symbol-level power control is supported, these mentioned issues can be handled by RAN4. FYI, we have the following agreement for different waveform in RAN1#90 meeting





Agreement:


It is up to RAN4 to discuss how to support any power back-off needed for CP-OFDM transmission compared with DFT-S-OFDM transmission


E.g., specification of fixed power back-off, specification of power back-off as MPR
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