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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 scaling of PUSCH transmission power for UL-MIMO
In RAN1#94bis it was concluded that the issue on PUSCH power scaling should be finalized in RAN1#95: 
For RAN1#95
Consider at least the alternatives listed in R1-1812041 for finalization of power scaling issues for UL MIMO operation in RAN1#95
. 


The alternatives from R1-1812041 are as follows:
The alternatives replace ‘number of configured antenna ports for the transmission scheme’ in 38.213 as shown below.  One of Alt 1, 2, or 3 is used for codebook based operation, and one of Alt 4, 5 or 6 is used for non-codebook based operation.
Alt 1: the maximum number of PUSCH layers supported by the UE when the higher layer parameter txConfig in PUSCH-Config is set to 'codebook'  
Alt 2: the maximum number of SRS ports in one SRS resource supported by the UE when the higher layer parameter txConfig in PUSCH-Config is set to 'codebook'  
Alt 3: nrofSRS-Ports in SRS-ResourceSet configured with usage set to 'codebook’ when the higher layer parameter txConfig in PUSCH-Config is set to ‘codebook'
Alt 4: the maximum number of supported layers for the non-codebook transmission scheme divided by the maximum number of simultaneously transmitted SRS resources in one symbol for the non-codebook transmission scheme when the higher layer parameter txConfig in PUSCH-Config is set to ‘nonCodebook'
Alt 5: the number of SRS resources in SRS-ResourceSet configured with usage set to 'nonCodebook’ when the higher layer parameter txConfig in PUSCH-Config is set to ‘nonCodebook' 
Alt 6: the supported maximum number of SRS resource per SRS resource set with usage set to 'nonCodebook' 

From: 38.213 section 7.1
>>>>>>>>>>>> Start text proposal >>>>>>>>>>>>









When higher layer parameter txConfig in PUSCH-Config is not configured, a UE transmits with power  on active UL BWP , as described in Subclause 12, of carrier  of serving cell  with parameters as defined in Subclause 7.1.1. Otherwise, For a PUSCH transmission on active UL BWP , as described in Subclause 12, of carrier  of serving cell , a UE first scales a linear value  of the transmit power , with parameters as defined in Subclause 7.1.1, by the ratio of the number of antenna ports with a non-zero PUSCH transmission power to [Alt 1 or Alt 2 or Alt3] and [Alt 4 or Alt 5 or Alt 6]the number of configured antenna ports for the PUSCH transmission scheme. The UE splits the resulting scaled power equally across the antenna ports on which the UE transmits the PUSCH with non-zero power. 
>>>>>>>>>>>> End text proposal >>>>>>>>>>>>>
In order to support a fixed split of powers among PAs that is less than Pcmax, it is sensible to use UE capability rather than UE configuration.  If a UE is configured with fewer layers or ports than its maximum capability, then splitting power equally among this reduced number of ports results in too high per per-PA power given the 38.213 text above.  This may be suitable for full power transmission, but not for Rel-15 where this can’t be assumed due to the agreement from RAN1#94bis: 
Agreement
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.
. 


Therefore, we think that Alt 3 and Alt 5 are not suitable for Rel-15.
There are two UE capabilities related to the maximum number of PUSCH layers a UE may transmit.  One is UE feature 2-14 or 2-15 component 1 on the maximum number of supported layers for PUSCH using codebook or non-codebook based operation, respectively.  The other is the maximum number of simultaneously transmitted SRS ports per SRS resource.  This is given independently of codebook and non-codebook based operation (and more generally from the RRC parameter SRS-SetUse identifying the use the SRS is associated with) as component 7 of feature 2-53. In the case of codebook based operation, the maximum number of simultaneous SRS ports may identify the number of Tx chains that the UE can use to transmit its PUSCH layers.  With this interpretation, a UE could be capable of transmitting at most 1 layer, and could use the rank 1 codebook, but not the other ranks.  Since the codebook is configured by the parameter nrofSRS-Ports, this operation is supported in NR.   Such a situation seems most likely when codebook based operation is used for antenna selection, since coherent operation implies that the UE should be capable of transmitting layers on all its Tx chains simultaneously.  
Given that UE implementations will support a lesser maximum number of layers than their Tx chains, it seems reasonable to use the maximum number of SRS ports in one SRS resource supported by the UE in 2-53 as the scale factor to determine the power split among PAs for codebook based operation.  This somewhat stretches the definition of 2-53, since it does not explicitly relate to codebook based operation, but avoids defining another UE capability, and seems sufficient.  Therefore, Alt 2 seems the best alternative for codebook based operation.
Then considering non-codebook based operation, there is another UE feature that sets the maximum number of simultaneous transmitted SRS resources at one symbol (2-15 component 3).  This can be used to identify the number of simultaneously operating Tx chains for non-codebook based operation, similar to how 2-53 is used for codebook based operation.  Then the number of PUSCH layers a non-codebook based UE can support can also be fewer than its number of Tx chains.  Again, UE implementations that would benefit most from this are those supporting antenna selection.  
Alt 4 and Alt 6 come from somewhat different angles for non-codebook operation.  Alt 4 seems to target multipanel operation where only one panel can transmit at a time but at full power, whereas Alt 6 assumes that power is split across panels as well as across Tx chains in a panel.  In this case the maximum number of simultaneous SRS resources may be less than the maximum number of SRS resources it can be configured for in non-codebook based operation.  In such a case, the UE should be able to transmit at full power on each panel, and so dividing the Tx power by the maximum number of SRS resources it supports (as in Alt 6) in a set would result in too low a power per panel.  For example, if a UE supports 4 SRS resources per set, but can transmit only two layers on one of two panels, it should not have the total power for one layer transmission divided by 4 (with power split across both panels), but by 2 (where full power is available from each panel, but only half power is available per Tx chain per panel).  If this is the intention of Alt 4, then Alt 4 should be phrased as the ‘maximum number of SRS resources per set divided by the maximum number of simultaneously transmitted SRS resources at one symbol’.   Then whether Alt 4 or Alt 6 is suitable for UE implementation is not immediately clear to us, and further discussion is needed between these two alternatives.
Observations:
· Alts 3 and 5 imply that PA power requirements can grow according to how the UE is configured, and so are not suitable for Rel-15.
· Alt 2 for codebook based operation supports cases where the number of Tx chains can be greater than the number of layers, and so allows more UE design freedom than Alt 1.
· Alt 6 assumes that PA power is split across panels, whereas Alt 4 seems to target the case where one panel at a time can transmit at full power (although power is split among Tx chains in each panel).
Proposals:
· Alt 2 is used for PUSCH transmissions made using codebook based operation, i.e.,
· replace ‘number of configured antenna ports for the transmission scheme’ in 38.213 with ‘the maximum number of SRS ports in one SRS resource supported by the UE when the higher layer parameter txConfig in PUSCH-Config is set to 'codebook' ’
· Clarify Alt 4 from 
· “the maximum number of supported layers for the non-codebook transmission scheme divided by the maximum number of simultaneously transmitted SRS resources in one symbol for the non-codebook transmission scheme when the higher layer parameter txConfig in PUSCH-Config is set to ‘nonCodebook'”
to 
· “the maximum number of SRS resources in SRS-ResourceSet configured with usage set to 'nonCodebook’ supported by the UE with divided by the maximum number of simultaneously transmitted SRS resources in one symbol for the non-codebook transmission scheme when the higher layer parameter txConfig in PUSCH-Config is set to ‘nonCodebook'”
· Discuss further whether to select either the revised Alt 4 or Alt 6 for PUSCH transmissions made using non-codebook based operation.
· Revised Alt4 - “the maximum number of SRS resources in SRS-ResourceSet configured with usage set to 'nonCodebook’ supported by the UE with divided by the maximum number of simultaneously transmitted SRS resources in one symbol for the non-codebook transmission scheme when the higher layer parameter txConfig in PUSCH-Config is set to ‘nonCodebook'”
· Alt 6 – “the supported maximum number of SRS resource per SRS resource set with usage set to 'nonCodebook' ”
[bookmark: _GoBack]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.

We find this formulation ambiguous; consider the following interpretations: 
A. Split the power equally over all SRS ports transmitted in an OFDM symbol: This interpretation is feasible only if full power PAs are used (due to the non-codebook case of SRS) which would then go against the design objective agreed on for PUSCH. We therefore find this interpretation infeasible.  
B. Split the power equally over all SRS ports within an SRS resource: Also, this interpretations would require full power PAs (due to the non-codebook case of SRS) and is hence not feasible. 
C. Split the power equally over all SRS ports within an SRS resource set: If a UE is configured with fewer ports than its maximum capability, then splitting power equally among this reduced number of ports may result in a too high per per-PA power. Hence, as discussed for the PUSCH power scaling we find it more appropriate to perform the scaling based on UE capability rather than configuration. In addition to this it is also emphasized that the interpretation will be highly suboptimal in the case of beam management where an SRS resource set may contain up to 16 SRS resources. Therefore, we find also this interpretation infeasible.    
In our companion contribution [1], we further describe and study SRS power scaling details more in detail 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 is given in [1].
Proposals
· Clarify Rel-15 NR SRS power scaling specifications such that per-PA full power capacity for all PAs in the UE is not required.
· Clarify the inter 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. 
· Consider the following designs of i,  
· Specify i,  based on UE capability (similar to as discussed for PUSCH power scaling)
· Specify i,  based on the SRS resource set’s corresponding SRS-SetUse.
· Clarify the inter SRS resource set power scaling.
Conclusions
In this document, we discuss some remaining issues for finalising the specification of NR power control. We discussed the alternatives identified in RAN1#94bis to correct the specification such that full power is not required in Rel-15 UEs and propose the following:
Proposals:
· Alt 2 is used for PUSCH transmissions made using codebook based operation, i.e.,
· replace ‘number of configured antenna ports for the transmission scheme’ in 38.213 with ‘the maximum number of SRS ports in one SRS resource supported by the UE when the higher layer parameter txConfig in PUSCH-Config is set to 'codebook' ’
· Clarify Alt 4 from 
· “the maximum number of supported layers for the non-codebook transmission scheme divided by the maximum number of simultaneously transmitted SRS resources in one symbol for the non-codebook transmission scheme when the higher layer parameter txConfig in PUSCH-Config is set to ‘nonCodebook'”
to 
· “the maximum number of SRS resources in SRS-ResourceSet configured with usage set to 'nonCodebook’ supported by the UE with divided by the maximum number of simultaneously transmitted SRS resources in one symbol for the non-codebook transmission scheme when the higher layer parameter txConfig in PUSCH-Config is set to ‘nonCodebook'”
· Discuss further whether to select either the revised Alt 4 or Alt 6 for PUSCH transmissions made using non-codebook based operation.
· Revised Alt4 - “the maximum number of SRS resources in SRS-ResourceSet configured with usage set to 'nonCodebook’ supported by the UE with divided by the maximum number of simultaneously transmitted SRS resources in one symbol for the non-codebook transmission scheme when the higher layer parameter txConfig in PUSCH-Config is set to ‘nonCodebook'”
· Alt 6 – “the supported maximum number of SRS resource per SRS resource set with usage set to 'nonCodebook' ”
In addition to this we have also discussed the power scaling for SRS and have the following proposal.  
Proposal
· Clarify Rel-15 NR SRS power scaling specifications such that per-PA full power capacity for all PAs in the UE is not required.
· Clarify the inter 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. 
· Consider the following designs of i,  
· Specify i,  based on UE capability (similar to as discussed for PUSCH power scaling)
· Specify i,  based on the SRS resource set’s corresponding SRS-SetUse.
· Clarify the inter SRS resource set power scaling. 
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