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1	Introduction
In RAN1#115, how SRS antenna port power scaling is defined for an SRS transmission occasion was discussed [1]. In the resulting discussion, the moderator made the following observations [2]:
Observations:
· SRS transmission occasion is interpreted per SRS resource, when multiple SRS resources are fully overlapped in time it is considered as same SRS transmission occasion.
· There are different understandings on “transmit power split equally across the configured antenna ports for SRS” when multiple SRS resources are fully overlapped in time, following alternatives can be starting point for further discussion.
· Alt1: transmission power is split across antenna ports for an SRS resource
· FFS: how to scale when the sum of SRS transmission power exceeds   across resources
· Alt2: transmission power is split across all ports of all resources within a set
· FFS: how to scale when the sum of SRS transmission power exceeds  across sets
· Alt3: transmission power is split across all ports of all resources of all sets

In this contribution, we discuss the above observations and how SRS power scaling and/or transmission occasion should be corrected in the specifications.  Text proposals for the corrections are given in the Appendix, and draft CRs are provided in [3] and [4].
[bookmark: _Ref178064866]2	Discussion
How to divide power among SRS resources was motivated primarily in [1] by non-codebook-based transmission, where the single port SRS resources can be transmitted in one OFDM symbol or distributed among multiple symbols. If the power is always divided evenly among resources even when they are in different OFDM symbols, then SRS will be transmitted at a lower power than necessary, since each SRS resource could be transmitted at full power. Therefore, simply dividing among SRS resources in this case seems undesirable and artificially limiting the SRS coverage.
Other SRS usages than for non-codebook-based operation have similar concerns. SRS resources in different beam management resource sets can be transmitted simultaneously or not, and SRS coverage can be more of a concern than for non-codebook-based operation.  Similar to non-codebook-based transmission, simply dividing power among SRS resources (here in different sets) will result in lower power than necessary when the SRS resources do not occupy the same OFDM symbol(s).  

To be more concrete, consider the case when 4 SRS resources with 1 port each are in an SRS resource set, but only one is transmitted in a symbol and Alt 2 above from [2] is used. In this case, the UE scales SRS power down by a factor of 4, i.e., by 6 dB. On the other hand, if Alt 1 is used, the UE will transmit at the full power. Therefore, given the different understandings of SRS power scaling from RAN1#115, variations of 6 dB or more in SRS transmit power are possible, and the gNB will not necessarily know how to configure the UE for the best MIMO performance. The problem is of course worse when more than 4 SRS ports and/or SRS resources are used, e.g. for beam management.
[bookmark: _Toc159162728]Depending on which understanding of SRS power scaling from RAN1#115 in [2] is used, the transmitted SRS power can vary by 6 dB or more, making it difficult for the gNB to know how to configure multiple SRS resources for an SRS usage.
When multiple SRS resource sets are used, they can have different power control parameters, and so can be at different relative powers. Therefore, when SRS resources from different SRS resource sets are transmitted in a same symbol, the SRS ports in different SRS resources can have different powers.
[bookmark: _Toc159162729]Power per SRS port should be a function of the total number of SRS ports in all simultaneously transmitted SRS resources in order to maximize SRS coverage.
[bookmark: _Toc159162730]SRS resources in different SRS resource sets can be at different power levels, and so power should not be split equally among all ports transmitted in an OFDM symbol in this case.
Antenna switching alternates among SRS resources in time, and multiple SRS resource sets with usage ‘antenna switching’ are not allowed to be transmitted simultaneously. Therefore, power is simply divided equally among the ports in the single SRS resource transmitted in an OFDM symbol. We note that 38.101 allows (but does not require) ‘secondary’ SRS ports/resources to be transmitted at a reduced maximum power relative to the ‘primary’ SRS port(s) due to the presence of insertion losses, but this behavior is outside of the scope of RAN1 specifications. What needs to be clear in the RAN1 specs is the nominal behavior without performance requirement relaxations. Overall, the SRS port power scaling for antenna switching seems relatively clear.
For codebook-based transmission, when uplink full power mode 2 is used, up to 4 SRS resources can be configured in an SRS resource set and these resources can have 1, 2, or 4 SRS ports each.  When uplink full power mode 2 is not used, it is also possible to configure two SRS resources with the same number of SRS ports in an SRS resource set for codebook-based operation. There is no constraint in the spec (for Rel-15 or for uplink full power mode 2) that precludes these SRS resources from being transmitted in a same OFDM symbol, although it is possible by setting the fields in ‘resourceMapping’ of the SRS resources appropriately. There is also no UE capability for the maximum number of simultaneously transmitted SRS resources at one OFDM symbol, unlike non-codebook-based transmission. Since there is no UE capability, then there is no constraint on the number of simultaneously transmitted SRS resources for codebook-based operation. 
Only one SRS resource from a resource can be indicated by SRI for codebook based operation, and in Rel-15 operation (without STxMP), only one SRS resource set can be configured.  PUSCH should be transmitted according to the SRS resource selected by SRI, and so in the single SRS resource set case, the UE is not required to transmit PUSCH according to more than one SRS resource at a given point in time.  Not transmitting according to simultaneous SRS resources enables implementations such as antenna or panel selection.  Therefore, in this case, the UE should not expect to simultaneously transmit multiple codebook based SRS resources.
As observed above, simultaneous SRS resource set transmission is supported for usage beamManagement.  While in our view it should also be supported for simultaneous multi-panel transmission (STxMP), this was not agreed during the Rel-18 work on STxMP. Therefore, it is our understanding that simultaneous SRS resource transmission should only be only allowed for usages ‘nonCodebook’, or ‘beamManagement’ in the current specifications.
When SRS resources are transmitted simultaneously, the current specifications allow them to occupy different sets of OFDM symbols, i.e. be ‘non-overlapping’ in time.  Since there are different numbers of SRS resources in different symbols in this case, the power within each of the SRS resources could vary over the OFDM symbols.  SRS transmission occasions for power control are defined as a set of L consecutive symbols (in section 7 of 38.213), and since there is only one value of transmit power per transmission occasion, the power should be fixed over the L symbols.  The definition of transmission occasion could then conflict with constant power within an SRS resource in the case of non-overlapping transmission. To maintain constant power within L symbols and over each SRS resource, for a given transmission, UEs must either ‘look ahead’ to take into account that the maximum number of simultaneous SRS resources, or they must split according to a worst case number of SRS resources that could collide.  Looking ahead may not be desirable for UE implementation, while a worst case scaling would reduce SRS power and is undesirable for network performance. If UEs must behave the same way for fully overlapping and non-overlapping cases, then whenever there is simultaneous SRS resource transmission, it is unclear how the UE would allocate power to the SRS resources.  Allowing partially overlapping resource by one UE is more flexible from a network configuration viewpoint, but it does not seem to have a clear benefit over fully overlapping transmission in terms of SRS capacity or network complexity.
When multiple SRS resource sets are transmitted simultaneously, the SRS resource sets can be at different power levels.  When their target combined power exceeds Pcmax, the actual transmitted power is limited to Pcmax, but how the UE reduces the power of the SRS resource sets and determines their relative power is left to UE implementation at present. While, at least in theory, it could be good for the network to know how the UE sets the relative power of the different SRS resource sets in the power limited case, defining such behavior should be investigated at length and does not seem to be appropriate at this stage. Furthermore, the use cases for simultaneous transmission of SRS resources should not tend to be in power limited scenarios, and so the net benefit of new power control behavior is not obvious at this stage.
Finally, we observe that multiple SRS resource transmission on different carriers is also supported by the current specification, but power control and simultaneous transmission for different carriers are naturally different than the single carrier case considered in this contribution.  Therefore, our proposals only target where the SRS resources are transmitted on a same carrier.
[bookmark: _Toc159162731]SRS antenna port power scaling is fairly clear for usage ‘antennaSwitching’, but not for usage ‘codebook’, ‘nonCodebook’, or ‘beamManagement’.
[bookmark: _Toc159162732]Simultaneous SRS resource transmission is allowed for usages ‘nonCodebook’, or ‘beamManagement’.
[bookmark: _Toc159162733]Simultaneous SRS resource transmission is not precluded by current specifications for usage ‘codebook’ but should be.  UE implementations relying on antenna or panel selection that should be allowed by the specifications cannot support simultaneous SRS resource transmission.
[bookmark: _Toc159162734]It is unclear how the UE allocates power among SRS resources in order to meet the constant power requirement for a transmission occasion when the number of SRS resources in a symbol may vary (the ‘non-overlapping’ case).  This lack of clarity can extend to the fully overlapping case since the UE may scale the power the same way in both non-overlapping and fully overlapping cases.
[bookmark: _Toc159162735]When the power of simultaneously transmitted SRS resources from different sets exceeds Pcmax, the relative power of the SRS resources is not defined in the current specifications.  This is probably acceptable for the use cases where simultaneous transmission would be configured, and careful study would be needed do define a method to set the relative power when Pcmax is exceeded.
[bookmark: _Toc159162736]Correct 38.213 such that the power used by an SRS resource is split equally among the ports in the resource.  When SRS resources in a set occupy an OFDM symbol, the power is split equally among the resources and the ports in the resources.
[bookmark: _Toc159162737]When SRS resources from different sets are transmitted simultaneously and their combined power exceeds Pcmax, the relative power of the resources is left to UE implementation. 
[bookmark: _Toc159162738]Correct 38.214 such that a) The UE does not expect SRS resources in a set with usage ‘codebook’ to be transmitted simultaneously and b) When the UE simultaneously transmits SRS resources on a carrier, the SRS resources occupy the same OFDM symbols.

Conclusion
In this contribution, we discussed observations made in RAN1#115 [2] and how SRS power scaling and/or transmission occasion should be corrected in the specifications.
We made the following observations:
Observation 1	Depending on which understanding of SRS power scaling from RAN1#115 in [2] is used, the transmitted SRS power can vary by 6 dB or more, making it difficult for the gNB to know how to configure multiple SRS resources for an SRS usage.
Observation 2	Power per SRS port should be a function of the total number of SRS ports in all simultaneously transmitted SRS resources in order to maximize SRS coverage.
Observation 3	SRS resources in different SRS resource sets can be at different power levels, and so power should not be split equally among all ports transmitted in an OFDM symbol in this case.
Observation 4	SRS antenna port power scaling is fairly clear for usage ‘antennaSwitching’, but not for usage ‘codebook’, ‘nonCodebook’, or ‘beamManagement’.
Observation 5	Simultaneous SRS resource transmission is allowed for usages ‘nonCodebook’, or ‘beamManagement’.
Observation 6	Simultaneous SRS resource transmission is not precluded by current specifications for usage ‘codebook’ but should be.  UE implementations relying on antenna or panel selection that should be allowed by the specifications cannot support simultaneous SRS resource transmission.
Observation 7	It is unclear how the UE allocates power among SRS resources in order to meet the constant power requirement for a transmission occasion when the number of SRS resources in a symbol may vary (the ‘non-overlapping’ case).  This lack of clarity can extend to the fully overlapping case since the UE may scale the power the same way in both non-overlapping and fully overlapping cases.
Observation 8	When the power of simultaneously transmitted SRS resources from different sets exceeds Pcmax, the relative power of the SRS resources is not defined in the current specifications.  This is probably acceptable for the use cases where simultaneous transmission would be configured, and careful study would be needed do define a method to set the relative power when Pcmax is exceeded.

Given these observations, we propose the following. Text proposals for the corrections are given in the Appendix, and draft CRs are provided in [3] and [4].
Proposal 1	Correct 38.213 such that the power used by an SRS resource is split equally among the ports in the resource.  When SRS resources in a set occupy an OFDM symbol, the power is split equally among the resources and the ports in the resources.
Proposal 2	When SRS resources from different sets are transmitted simultaneously and their combined power exceeds Pcmax, the relative power of the resources is left to UE implementation.
Proposal 3	Correct 38.214 such that a) The UE does not expect SRS resources in a set with usage ‘codebook’ to be transmitted simultaneously and b) When the UE simultaneously transmits SRS resources on a carrier, the SRS resources occupy the same OFDM symbols.
 

[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref142664398][bookmark: _Ref174151459][bookmark: _Ref189809556]vivo, “R1-2311072, Discussion on SRS transmission occasion”, 3GPP TSG RAN1#115, Chicago, USA, November 13-17, 2023.
[bookmark: _Ref158019578]vivo, “R1-2312619, Summary#2 of discussion on SRS transmission occasion”, 3GPP TSG RAN1#115, Chicago, USA, November 13-17, 2023.
[bookmark: _Ref159156684]Ericsson, “R1-2401370, Draft CR on multi-resource SRS port power scaling”, 3GPP TSG RAN1#116, Athens, Greece, February 26th – March 1st, 2024.
[bookmark: _Ref159156690]Ericsson, “R1-2401371, Draft CR on simultaneous SRS resource transmission”, 3GPP TSG RAN1#116, Athens, Greece, February 26th – March 1st, 2024.
Appendix: Text proposals

38.213 v. 18.1:
[bookmark: _Toc12021449][bookmark: _Toc20311561][bookmark: _Toc26719386][bookmark: _Toc29894817][bookmark: _Toc29899116][bookmark: _Toc29899534][bookmark: _Toc29917271][bookmark: _Toc36498145][bookmark: _Toc45699171][bookmark: _Toc156237178]7.3	Sounding reference signals
For SRS, 
-	if a UE is provided tdm for an SRS resource with 8 ports in an SRS resource set with usage 'codebook' or 'antennaSwitching', the UE splits a linear value  of the transmit power  on active UL BWP  of carrier  of serving cell  equally across the configured antennaSRS ports of an SRS resource of an SRS resource set on each symbol for SRS transmission.
-	a UE splits a linear value  of the transmit power  on active UL BWP  of carrier  of serving cell  equally across the configured antenna ports for SRS all SRS ports of all SRS resources of an SRS resource set in a symbol for SRS transmission. 
38.214 v. 18.1
[bookmark: _Toc11352140][bookmark: _Toc20318030][bookmark: _Toc27299928][bookmark: _Toc29673201][bookmark: _Toc29673342][bookmark: _Toc29674335][bookmark: _Toc36645565][bookmark: _Toc45810610][bookmark: _Toc155777399]6.1.1.1	Codebook based UL transmission
For codebook based transmission, PUSCH can be scheduled by DCI format 0_0, DCI format 0_1, DCI format 0_2, DCI format 0_3 or semi-statically configured to operate according to Clause 6.1.2.3. If this PUSCH is scheduled by DCI format 0_1, DCI format 0_2, or semi-statically configured to operate according to Clause 6.1.2.3, the UE determines its PUSCH transmission precoder(s) based on SRI(s), TPMI(s) and the transmission rank, where the SRI(s), TPMI(s) and the transmission rank are given by DCI fields of one or two SRS resource indicators and one or two Precoding information and number of layers in clause 7.3.1.1.2 and 7.3.1.1.3 of [5, TS 38.212] for DCI format 0_1 and 0_2  or given by srs-ResourceIndicator and precodingAndNumberOfLayers according to clause 6.1.2.3 or given by srs-ResourceIndicator, srs-ResourceIndicator2, precodingAndNumberOfLayers, and precodingAndNumberOfLayers2 according to clause 6.1.2.3. If this PUSCH is scheduled by DCI format 0_3, the UE determines its PUSCH transmission precoder based on SRI, TPMI and the transmission rank, where the SRI, TPMI and the transmission rank are given by DCI fields of one SRS resource indicator and one Precoding information and number of layers in clause 7.3.1.1.4 of [5, TS 38.212] for DCI format 0_3. The SRS-ResourceSet(s) applicable for PUSCH scheduled by DCI format 0_1 and DCI format 0_2 are defined by the entries of the higher layer parameter srs-ResourceSetToAddModList and srs-ResourceSetToAddModListDCI-0-2 in SRS-config, respectively. Only one or two SRS resource sets can be configured in srs-ResourceSetToAddModList with higher layer parameter usage in SRS-ResourceSet set to 'codebook', and only one or two SRS resource sets can be configured in srs-ResourceSetToAddModListDCI-0-2 with higher layer parameter usage in SRS-ResourceSet set to 'codebook'. 
----------------------------------------Unchanged text omitted-------------------------------------------------
Except when higher layer parameter ul-FullPowerTransmission is set to 'fullpowerMode2', when multiple SRS resources are configured by SRS-ResourceSet with usage set to 'codebook', the UE shall expect that higher layer parameters nrofSRS-Ports in SRS-Resource in SRS-ResourceSet shall be configured with the same value for all these SRS resources.  The UE is not expected to simultaneously transmit SRS resources from an SRS-ResourceSet with usage set to 'codebook'.
----------------------------------------Unchanged text omitted-------------------------------------------------

[bookmark: _Toc11352157][bookmark: _Toc20318047][bookmark: _Toc27299945][bookmark: _Toc29673219][bookmark: _Toc29673360][bookmark: _Toc29674353][bookmark: _Toc36645583][bookmark: _Toc45810632][bookmark: _Toc155777428]6.2.1	UE sounding procedure
The UE may be configured with one or more Sounding Reference Signal (SRS) resource sets as configured by the higher layer parameter SRS-ResourceSet or SRS-PosResourceSet. For each SRS resource set configured by SRS-ResourceSet, a UE may be configured with  SRS resources (higher layer parameter SRS-Resource), where the maximum value of K is indicated by UE capability [13, 38.306]. When SRS resource set is configured with the higher layer parameter SRS-PosResourceSet, a UE may be configured with K ≥1 SRS resources (higher layer parameter SRS-PosResource), where the maximum value of K is 16. The SRS resource set applicability is configured by the higher layer parameter usage in SRS-ResourceSet. When the higher layer parameter usage is set to 'beamManagement', only one SRS resource in each of multiple SRS resource sets may be transmitted at a given time instant, but the SRS resources in different SRS resource sets with the same time domain behaviour in the same BWP may be transmitted simultaneously.
During non-active periods of cell DRX, the UE configured with cell DRX is not expected to transmit the periodic SRS, or semi-persistent SRS for channel acquisition. SRS for positioning is not impacted by cell DRX operation.
----------------------------------------Unchanged text omitted-------------------------------------------------
The UE is not expected to be configured with different time domain behavior for SRS resources in the same SRS resource set. The UE is also not expected to be configured with different time domain behavior between SRS resource and associated SRS resources set. For operation in the same carrier, when the UE simultaneously transmits SRS resources, the SRS resources occupy the same OFDM symbols.
----------------------------------------Unchanged text omitted-------------------------------------------------

	4/4	
