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Introduction
[bookmark: _Ref178064866]In this document we discuss some remaining issues for finalising NR power control specifications.
Discussion
Clarification related to PL estimation
PUSCH PL estimation is specified as below in 38.213
“



is a downlink pathloss estimate in dB calculated by the UE using reference signal (RS) index  for the active DL BWP, as described in Subclause 12, of serving cell 

-	If the UE is not provided higher layer parameter PUSCH-PathlossReferenceRS or before the UE is provided dedicated higher layer parameters, the UE calculates  using a RS resource from the SS/PBCH block that the UE uses to obtain higher layer parameter MasterInformationBlock
…
… 

= referenceSignalPower – higher layer filtered RSRP, where referenceSignalPower is provided by higher layers and RSRP is defined in [7, TS 38.215] for the reference serving cell and the higher layer filter configuration provided by higher layer parameter QuantityConfig is defined in [12, TS 38.331] for the reference serving cell 
If the UE is not configured periodic CSI-RS reception, referenceSignalPower is provided by higher layer parameter ss-PBCH-BlockPower. If the UE is configured periodic CSI-RS reception, referenceSignalPower is provided either by higher layer parameter ss-PBCH-BlockPower or by higher layer parameter powerControlOffsetSS providing an offset of the CSI-RS transmission power relative to the SS/PBCH block transmission power [6, TS 38.214]. If higher layer parameter powerControlOffsetSS is not provided to the UE, the UE assumes an offset of 0 dB
“
According to above text, for PUSCH transmission on a PCell or PScell, if the UE is not configured with higher layer parameter PUSCH-PathlossReferenceRS, the UE would use the RS resource from the SS/PBCH block index used for MIB decoding. However, for Scell case, it unclear which PL reference the UE needs to use when it is not configured with PUSCH-PathlossReferenceRS. It should be noted that while it may be possible for the gNB to configure this parameter, according to current asn.1, the field is listed as optional (i.e., as shown below) and given this, the L1 specs need to cover this case.

PUSCH-PowerControl ::=              SEQUENCE {
    tpc-Accumulation                    ENUMERATED { disabled }                                                     OPTIONAL,   -- Need S
    msg3-Alpha                          Alpha                                                                       OPTIONAL,   -- Need S
    p0-NominalWithoutGrant              INTEGER (-202..24)                                                          OPTIONAL,   -- Need M,
    p0-AlphaSets                        SEQUENCE (SIZE (1..maxNrofP0-PUSCH-AlphaSets)) OF P0-PUSCH-AlphaSet         OPTIONAL,   -- Need M,
    pathlossReferenceRSToAddModList     SEQUENCE (SIZE (1..maxNrofPUSCH-PathlossReferenceRSs)) OF PUSCH-PathlossReferenceRS
                                                                                                                    OPTIONAL,   -- Need N
    pathlossReferenceRSToReleaseList    SEQUENCE (SIZE (1..maxNrofPUSCH-PathlossReferenceRSs)) OF PUSCH-PathlossReferenceRS-Id
                                                                                                                    OPTIONAL,   -- Need N
    twoPUSCH-PC-AdjustmentStates        ENUMERATED {twoStates}                                                      OPTIONAL, -- Need S
    deltaMCS                            ENUMERATED {enabled}                                                        OPTIONAL, -- Need S
    sri-PUSCH-MappingToAddModList       SEQUENCE (SIZE (1..maxNrofSRI-PUSCH-Mappings)) OF SRI-PUSCH-PowerControl    OPTIONAL, -- Need N
    sri-PUSCH-MappingToReleaseList      SEQUENCE (SIZE (1..maxNrofSRI-PUSCH-Mappings)) OF SRI-PUSCH-PowerControlId  OPTIONAL        -- Need N
}

We see the following options for addressing this issue
· Option 1: The following clarification is added to the spec
· 


If the UE is not provided higher layer parameter PUSCH-PathlossReferenceRS for UL BWP  of carrier  of serving cell ., the UE calculates [image: ] using a RS resource from the PCell SS/PBCH block index that the UE obtains higher layer parameter MasterInformationBlock
· Option 2: Use the pathlossReferenceLinking parameter that is present in current RRC spec.
In LTE, if the pathlossReferenceLinking parameter is configured as ‘Scell’, the UE would use Scell CRS as PL reference, and if not configured (or configured as Pcell), the UE would use Pcell CRS as PL reference. 
For NR, since there is anyway signalling available for gNB to explicitly configure a PL reference for each BWP, carrier and serving cell (i.e., using the PUSCH-PathlossReferenceRS IE), there is no explicit need for the pathlossReferenceLinking parameter. It should be noted that although pathlossReferenceLinking is present in current RRC spec for NR, it is specified as optional parameter in asn.1, and so it is not useful also for the purpose of covering the default behaviour discussed above (i.e., for the case when PUSCH-PathlossReferenceRS is not configured for the UE). 
Based on the above discussion we prefer to clarify the spec according to Option 1.
[bookmark: _GoBack]Proposal 1
· UE behaviour needs to be clarified for the case where UE is not configured with higher layer parameter PUSCH-PathlossReferenceRS for an Scell.
· The behaviour is clarified as follows
· 


If the UE is not provided higher layer parameter PUSCH-PathlossReferenceRS for UL BWP  of carrier  of serving cell ., the UE calculates [image: ] using a RS resource from the Pcell/PScell SS/PBCH block index that the UE obtains higher layer parameter MasterInformationBlock

Clarification related to scaling of PUSCH transmission power for UL-MIMO

For PUSCH power control the following is specified in TS 38.213 section 7.1






For PUSCH, a UE first scales a linear value  of the transmit power  on UL BWP , as described in Subclause 12, of carrier  of serving cell , with parameters as defined in Subclause 7.1.1, by the ratio of the number of antenna ports with a non-zero PUSCH transmission to the number of configured antenna ports for the transmission scheme. The resulting scaled power is then split equally across the antenna ports on which the non-zero PUSCH is transmitted. 



Given that the UE is configured for a single transmission scheme on PUSCH in Rel-15, 'the number of configured antenna ports for the transmission scheme’ can be interpreted as a) “The number of ports in one SRS resource configured to the UE for codebook or non-codebook based operation” or b) “The number of ports in all SRS resources configured to the UE for codebook or non-codebook based operation c) “The maximum rank that the UE is configured for through maxRank and using non-concoherent TPMIs. Therefore, the above text is ambiguous and needs to be clarified.

In companion contribution [1], we provide a more detailed analysis on this issue and propose the following

Proposal 2 
· Clarify Rel-15 NR PUSCH power scaling specifications such that per-PA full power capacity for all PAs in the UE is not required for any MIMO UE capability.

· Agree to the below TP
>>>>>>>>>>>> Start text proposal >>>>>>>>>>>>









For PUSCH configured with one antenna port, a UE transmits with power  on UL BWP , as described in Subclause 12, of carrier  of serving cell , with parameters as defined in Subclause 7.1.1. For PUSCH configured with more than one antenna port, a UE first scales a linear value  of the transmit power  on UL BWP , as described in Subclause 12, of carrier  of serving cell , with parameters as defined in Subclause 7.1.1, by the ratio of the number of antenna ports with a non-zero PUSCH transmission to the maximum number of PUSCH layers supported by the UE number of configured antenna ports for the transmission scheme. The resulting scaled power is then split equally across the antenna ports on which the non-zero PUSCH is transmitted. 
>>>>>>>>>>>> End text proposal >>>>>>>>>>>>>


.
Clarification related to scaling of SRS transmission power for UL-MIMO

For SRS power control the following is specified in TS 38.213 section 7.3:




For SRS, the linear value  of the transmit power  on UL BWP  of carrier  of serving cell  is split equally across the configured antenna ports for SRS.


In our companion contribution [2], we study SRS power scaling details and make the following observation.
· [bookmark: _Hlk521505769]The current SRS power scaling specification is ambiguous in TS 38.213 with respect to how SRS power is split over time, SRS resources, and SRS resource sets.
We furthermore conclude that there are two details that needs to be resolved to clarify TS 38.213: 
i) 
How to perform intra SRS resource set power scaling? Hence for an SRS resource set, with a transmission power as given by , how should this power be translated to a power to use when transmitting the actual SRS resource and the SRS ports therein? 
ii) 

How to perform inter SRS resource set power scaling? It is possible that a UE transmits multiple SRS resource sets in the same slot or even the same OFDM symbol. This could hence imply that +>Pcmax for the two SRS resource sets. It is currently not clear what the UE should do in such a case. 

Considering the performed analysis, we propose the following. More detailed analysis and example text proposals are given in [2].

Proposal 3
· Clarify Rel-15 NR SRS power scaling specifications such that per-PA full power capacity for all PAs in the UE is not required for any MIMO UE capability.
· For intra SRS resource set power scaling: 
· 
The antenna ports from SRS resource set , transmitted in transmission period i, are transmitted with the power i,  per antenna port. 
· In case that SRS-SetUse is set to ‘codebook’, ‘beamManagement’ or ‘AntennaSwitching’ let i, be the maximum number of antenna ports transmitted in one of the OFDM symbols corresponding to SRS resource set  in transmission period i
· In case that SRS-SetUse is set to ‘nonCodebook’ let i, be the number of SRS ports within the SRS resource set  
· For inter SRS resource set power scaling: 
· 
When multiple SRS resource sets are present in transmission period i scale the transmit power of SRS resource set qs such that it is transmitted with power iwhere 
·  where s denotes the OFDM symbol index in transmission period i and
·  with 
·  if a transmission corresponding to SRS resource set  is transmitted in symbol s in transmission period i, and
·  if no transmission corresponding to SRS resource set  is transmitted in symbol s in transmission period i. 
Clarification related to power control for SRS resource sets that share same SRS resource 

For NR a flexible framework for configuring SRS has been introduced enabling SRS transmissions intended for different use cases. Regarding this framework we note that 
1. It supports pooling of SRS resources in the sense that several SRS resources can be defined and that these resources can be used by different SRS resource sets. 
1. The SRS power control has been tied to the SRS resource sets and the transmission power is hence connected to an SRS resource set. 


While these two design approaches work together in general, there may be cases where two SRS resource sets could be configured with different power control parameters. For example,  at the same time as they share a common SRS resource. Consider for instance the example of an N ports codebook-based SRS resource set coexisting with an N ports antenna switching SRS resource set which would be a relevant use case for the combination of codebook-based UL MIMO and reciprocity-based DL MIMO. If these two SRS resource sets would share their SRS resources, it is unclear how the UE should interpret a configuration where  for these two SRS resource sets. 
Observation
· In some cases, different SRS resource sets utilizing shared SRS resources does not work together with SRS power control per SRS resource set. 
To address this issue, we propose the following
Proposal 4
· If a UE is configured with a SRS resource mapped to two different SRS resource sets, then the UE is expected to be configured with same values of alpha, p0, pathlossReferenceRS, srs-PowerControlAdjustmentStates in those SRS resource sets. 
Conclusions
In this document, we discuss some remaining issues for finalising the specification of NR power control and propose the following

Proposal 1
· UE behaviour needs to be clarified for the case where UE is not configured with higher layer parameter PUSCH-PathlossReferenceRS for an Scell.
· The behaviour is clarified as follows
· 


If the UE is not provided higher layer parameter PUSCH-PathlossReferenceRS for UL BWP  of carrier  of serving cell ., the UE calculates [image: ] using a RS resource from the Pcell/PScell SS/PBCH block index that the UE obtains higher layer parameter MasterInformationBlock
Proposal 2 
· Clarify Rel-15 NR PUSCH power scaling specifications such that per-PA full power capacity for all PAs in the UE is not required for any MIMO UE capability.

· Agree to the below TP
>>>>>>>>>>>> Start text proposal >>>>>>>>>>>>









For PUSCH configured with one antenna port, a UE transmits with power  on UL BWP , as described in Subclause 12, of carrier  of serving cell , with parameters as defined in Subclause 7.1.1. For PUSCH configured with more than one antenna port, a UE first scales a linear value  of the transmit power  on UL BWP , as described in Subclause 12, of carrier  of serving cell , with parameters as defined in Subclause 7.1.1, by the ratio of the number of antenna ports with a non-zero PUSCH transmission to the maximum number of PUSCH layers supported by the UE number of configured antenna ports for the transmission scheme. The resulting scaled power is then split equally across the antenna ports on which the non-zero PUSCH is transmitted. 
>>>>>>>>>>>> End text proposal >>>>>>>>>>>>>

Proposal 3

· Clarify Rel-15 NR SRS power scaling specifications such that per-PA full power capacity for all PAs in the UE is not required for any MIMO UE capability.
· For intra SRS resource set power scaling: 
· 
The antenna ports from SRS resource set , transmitted in transmission period i, are transmitted with the power i,  per antenna port. 
· In case that SRS-SetUse is set to ‘codebook’, ‘beamManagement’ or ‘AntennaSwitching’ let i, be the maximum number of antenna ports transmitted in one of the OFDM symbols corresponding to SRS resource set  in transmission period i
· In case that SRS-SetUse is set to ‘nonCodebook’ let i, be the number of SRS ports within the SRS resource set  
· For inter SRS resource set power scaling: 
· 
When multiple SRS resource sets are present in transmission period i scale the transmit power of SRS resource set qs such that it is transmitted with power iwhere 
·  where s denotes the OFDM symbol index in transmission period i and
·  with 
·  if a transmission corresponding to SRS resource set  is transmitted in symbol s in transmission period i, and
·  if no transmission corresponding to SRS resource set  is transmitted in symbol s in transmission period i. 
Proposal 4
· If a UE is configured with aa SRS resource mapped to two different SRS resource sets, then the UE is expected to be configured with same values of alpha, p0, pathlossReferenceRS, srs-PowerControlAdjustmentStates in those SRS resource sets. 
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