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Introduction
Number of contributions in RAN1#116bis discussed the issue of power splitting/scaling when multiple SRS resources are transmitted simultaneously. Based on the proposals in the contributions submitted, few questions with multiple options are put forward in section 2 for further discussion. 
Discussion
Power splitting/scaling	for SRS with usage ‘nonCodebook’

· Option2:
· equally split across all SRS ports in all the overlapping SRS resources in the same SRS resource set with usage ‘nonCodebook’ when they are fully overlapped in time.
Support: vivo, Samsung (all overlapped SRS resources shall be treated as a SRS transmission occasion), Ericsson

· 
Option4: restrict it to ‘nonCodebook’ and the case when UE transmit power exceeds  as below
· 

For simultaneous transmissions of SRS resources of a SRS resource set with higher layer parameter usage in SRS-ResourceSet set to ‘nonCodebook’, if the total UE transmit power for SRS transmission in a respective transmission occasion  would exceed , the UE should perform equal power scaling across the overlapping SRS resources.
Support: ZTE, New H3C, Google (also for BM SRS), OPPO, CATT (with clarification on SRS transmission occasion as per SRS resource), CMCC, Huawei

Observation1: Based on the tdocs, there is slight majority of companies supporting option 4. However, two contributions discussed its relation with definition of ‘transmission occasion’ when multiple SRS resources within a set with usage ‘nonCodebook’ are overlapped in time. Samsung proposed “all overlapped SRS resources shall be treated as a SRS transmission occasion” while CATT proposed “SRS transmission occasion is per SRS resource”. Definition of ‘transmission occasion’ will have influence on the discussion of the two options for power splitting/scaling. 

Table1
	Company 
	Comments

	Ericsson
	While we understand the intention to identify the reason for different companies’ preferences, if possible, we prefer to avoid the debate of what a transmission occasion is.  A transmission occasion is identified by a time index , and so it is hard for us to see why multiple SRS resources in a symbol would be multiple transmission occasions.  Nevertheless, companies seem to have different understandings of how power is split among resources.

The fundamental point seems more to be if the power of each one port SRS resource is independent of the number of simultaneous resources (which corresponds to an SRS resource being a transmission occasion) vs if the power of each resource is the total power divided by the simultaneous number of resources in a symbol (all overlapped resources are a transmission occasion).

Question/Proposal: If the SRS resources of an SRS resource set are fully overlapping in time and frequency, we think they should have equal power.  This should be regardless of the power  of the SRS resource set.  Does anyone disagree with this?  If this is agreeable, can we use that as a starting point for further discussion?

Then two questions for those that think the power of an SRS resource is independent of the number of simultaneously transmitted SRS resources:  How will the network know from an simultaneous transmission of multiple SRS resources how much power a single layer non-codebook PUSCH transmission will have?  Shouldn’t the power split of non-codebook PUSCH layers and simultaneous SRS resources align?

	Samsung
	We agree with Ericsson’s comment if we follow the definition of current specification (same starting symbol index S and number of consecutive symbols L) and considering the transmission occasion has an time index i, the multiple SRS resources overlapped in time (only fully overlapping is allowed), we support Option 2, for the case of SRS resource set with usage of non-codebook.

	Huawei, HiSilicon
	Prefer to avoid the re-discussion of SRS transmission occasion, as this terminology has been used in many times in spec.
Among the parameters on power control, the bandwidth parameter is a per SRS resource setting, therefore, the power should be derived and allocated in a per resource level.

	Apple
	We think we should first clarify that the legacy power control is performed per SRS resource. If that is the case, we do not think any specification change is needed. 

Regarding the power scaling when the total transmit power exceeds Pcmax, we do not support specifying equal power scaling. When UE is link budget limited, typically, the better solution is to select the best UL beam and perform single layer UL transmission. Therefore, it is not desirable to force UE to equally scale the transmission power of all the SRS port with noncodebook. This should be left for UE implementation 

	OPPO
	We think the SRS transmission power is per SRS resource in Rel-15 regardless of the usage. The power scaling issue among simultaneously transmitted SRS resources had been discussed in Rel-15 and most companies thought it is up to UE implementation (see R1-1721567 issue 2.3.14, thus there is no consensus). Any further enhancement to this may lead to NBC issue. There could be some inaccuracy in link adaptation if there is power scaling implemented by UE, but we don’t think it is a big issue. gNB can avoid this via TDMed SRS resource configuration if needed (e.g. based on PHR reproting).

	Moderator
	
Given the replies above and discussion with some delegates, it seems option 4 is correct technically, and when UE transmit power does not exceed , for SRS power control is per resource for nonCodebook will lead to equal power among overlapping resources 

Is above the common understanding? If it is, then we can go with option 4.

	CATT
	Support to go with Option 4. SRS power control is defined on per resource level.

	Ericsson2
	I don’t think we can converge on an option yet given the comments above.  

One possible step could be to clarify the behavior for where SRS resources are fully overlapping in time and frequency 

We think the purpose of SRS is to provide CSI, including the relative power of the effective channels (after precoding and/or antenna selection) corresponding to the different SRS resources.  If the network can assume that the power is equally split among SRS resources in this fully overlapping t/f case, then the network will know which effective channel is the best one. However, if the UE changes the relative power as a function of Pcmax, this can degrade the UL CSI.

So, as a first step, can we agree at least that the transmit power of the simultaneously transmitted SRS resources is equal in the fully overlapping time/frequency case, regardless of Pcmax?




Power splitting/scaling for SRS with usage ‘beamManagement’, when the total UE transmit power would not exceed 
Option1:
· For SRS resources in multiple SRS resource sets with usage of “beamManagement”, if multiple SRS resources across multiple SRS resource sets are fully overlapped in time domain, a SRS resource per each SRS resource set shall be treated as a SRS transmission occasion. Then, SRS transmit power can be determined per SRS resource from a SRS resource set, and SRS transmit power can be equally split across the configured number of SRS ports.
Support: Samsung

Option2: it is up to UE implementation

Table2
	Company 
	Comments

	Ericsson
	If we understand Option 1 correctly, it is what is presently specified.  In our understanding of the current spec, the power  of the SRS resource set  is split equally over the ports of the single SRS resource from the set being transmitted.  This should be independent of whether  has been limited to Pcmax or not and whether or not there is simultaneous multi-set transmission.

Regarding the transmission occasion definition in Option 1, we prefer to avoid debating this, and focus on how the power is split among ports of a resource.

Option 2 seems to say that power may not be split equally among ports of a resource, which does not make sense to us.

	Samsung
	If all companies think that this is already in current specification, we are happy to close this issue.

	Huawei, HiSilicon
	Similar view with Ericsson that the following is aligned with the current spec.
SRS transmit power can be determined per SRS resource from a SRS resource set, and SRS transmit power can be equally split across the configured number of SRS ports.

	Apple
	As well as we clarify the power control is performed per SRS resource, we do not think any specification change is needed. 

	OPPO
	We also think no further clarification is needed for SRS for BM regardless of the total UE transmit power.

	New H3C
	We prefer option 1 and current spec is clear 

	Moderator 
	Given replies above, option 1 is the behavior described in the spec. This issue is closed.




Power splitting/scaling for SRS with usage ‘beamManagement’, when the total UE transmit power would exceed 
Option1:
· When the total transmission power exceeds the maximum transmission power, for simultaneous transmission of SRS resources in different SRS resource sets for beam management, if the power scaling for the SRS is required, the UE performs equal power scaling for the overlapped SRS resources until the total transmission power is below or equal to the maximum transmission power
Support: Google

Option2: 
· Up to UE implementation
Support: Samsung, CMCC

Table3
	Company 
	Comments

	Ericsson
	We prefer to not refine the specs on this point at this time.  It is not clear to us that the equal split has better performance than unequal split, e.g. for UL M-TRP.  So we are closer to Option 2 than Option 1.

	Samsung
	Since multiple SRS resources from multiple SRS resource sets fully overlapped in time can have different transmission power control parameters, it is better for UE to leave UE implementation how to split the total transmit power.

	Huawei, HiSilicon
	Since there’s implementation that difference SRS resources correspond to different panels, it’s preferred to leave the power scaling to UE implementation.

	Apple
	Option 2: Up to UE implementation 

	OPPO
	We think no further clarification is needed for SRS for BM regardless of the total UE transmit power.

	New H3C
	Prefer option2

	Moderator
	Given the replies above option 2 is appropriate, we can have a conclusion or simply close this discussion.

	CATT
	Ok with option 2.

	Ericsson2
	Somewhat prefer a conclusion to facilitate common understanding vs. simply closing the discussion e.g.
“If total transmission power exceeds the maximum transmission power, for simultaneous transmission of SRS resources in different SRS resource sets for beam management, the relative power of the SRS resources is left to UE implementation”



Multiple SRS resources overlapping in time
Huawei has following proposal, please provide your views in table4 below.
· Multiple SRS resources with different usage are not expected to be overlapped in time.
	
Table4
	Company 
	Comments

	
	Prefer to discuss this further.  In the fully overlapping case, is there a problem, even when an SRS resource is shared among sets with different ‘usages’?

	Samsung
	We think that this proposal makes sense in a serving cell. Regarding Ericsson’s comment, if we understand correctly, it is for transmission of an SRS resource which is commonly included in both SRS resource set with usage of codebook and other SRS resource set with usage of antenna switching, and there is no other SRS resource(s) overlapped in time domain? If so, we think that it is not overlapping case in time domain, and overlapping in time in our understanding is that at least two SRS resources are transmitted and overlapped in time domain.

	Huawei, HiSilicon
	Support, since there’s no motivation to have such configuration.

Regarding Ericsson’s and Samsung’s comments above, there has been RAN1 agreements that the SRS resources with different usages is supported, with conclusion copied below. While the current proposal is to limit the multiple SRS resources with different usages

Conclusion (RAN1#95)
If the UE is configured with an SRS resource associated with multiple sets with different SRS-setUse, then it is up to the UE for which SRS-setUse this SRS resource is transmitted for.

To avoid the confusion, perhaps we can have a note as below:
Note: an SRS resource associated with different usages is supported.


	Apple
	We believe, in the field, there is deployment with configuring the same/overlapping codebook and AS SRS. That was the reason why we proposed to support single SRS resource set associated with different usage, but cannot be agreed, which led to the conclusion quoted by Huawei. 

In principle, we should avoid overlapping SRS cases as much as possible, and support the need with clean specification with clear UE behavior.

	OPPO
	Considering the resource reusing is only for SRS for codebook and antenna switching, which cannot be overlapped already, we support the proposal from Huawei. 

	New H3C
	Support

	Moderator
	Is the note agreeable? If we want to capture in the spec then it shouldn’t be a note?
 Note: an SRS resource associated with different usages is supported.


	CATT
	As the usage reuse is already supported, the note seems not necessary. In addition, where are you going to put the note?


	Ericsson2
	We are supportive of an SRS resource being shared among e.g. antenna switching and codebook resource sets.  That being said, having this as a note would not be sufficient, and spec change may be difficult at this stage.  A TEI or WI would be needed to specify.

Regarding overlap of SRS transmission among sets (since there are different usages), this may need further discussion and refinement.  Dropping rules are defined for where e.g. periodic and aperiodic SRS collide, and collision among usages with different time domain behavior are then defined at present.



Conclusion
Proposal:
· The transmit power of the simultaneously transmitted SRS resources for usage ‘nonCodebook’ is equal in the fully overlapping time/frequency case, regardless of Pcmax

Conclusion:
· If total transmission power exceeds the maximum transmission power, for simultaneous transmission of SRS resources in different SRS resource sets for beam management, the relative power of the SRS resources is left to UE implementation
Reference

	R1-2402067
	Discussion on SRS power scaling
	ZTE

	Proposal 1: Regarding SRS power scaling in NCB, the following option can be considered as a starting point.
· 
Option4: restrict it to ‘nonCodebook’ and the case when UE transmit power exceeds  as below
· 

For simultaneous transmissions of SRS resources of a SRS resource set with higher layer parameter usage in SRS-ResourceSet set to ‘nonCodebook’, if the total UE transmit power for SRS transmission in a respective transmission occasion  would exceed , the UE should perform equal power scaling across the overlapping SRS resources.


	R1-2402171
	Discussion on SRS transmission occasion and power scaling
	New H3C Technologies Co., Ltd.

	

Proposal 1: For simultaneous transmissions of SRS resources of a SRS resource set with higher layer parameter usage in SRS-ResourceSet set to ‘nonCodebook’, if the total UE transmit power for SRS transmission in a respective transmission occasion  would exceed , the UE should perform equal power scaling across the overlapping SRS resources.


	R1-2402207
	Discussion on SRS power scaling
	vivo

	Observation1：Transmission power of fully-overlapped SRS(s) in one SRS resource set is same even though it is calculated per SRS resource.
1. Support option 2.

	R1-2402208
	Draft CR on SRS power scaling
	vivo

	

	R1-2402272
	Draft CR on SRS power scaling
	Google

	

	R1-2402273
	Discussion on SRS power scaling
	Google

	Proposal 1: Support a common solution for power scaling for simultaneous transmission of SRS for non-codebook and SRS for beam management.
Proposal 2: Do not support to modify the power split for SRS.
Proposal 3: Support to define the power scaling for SRS for non-codebook and SRS for beam management as follows:
· When the total transmission power exceeds the maximum transmission power, for simultaneous transmission of SRS resources in a SRS resource set for non-codebook or SRS resources in different SRS resource sets for beam management, if the power scaling for the SRS is required, the UE performs equal power scaling for the overlapped SRS resources until the total transmission power is below or equal to the maximum transmission power
· Endorse CR R1-2402273


	R1-2402298
	Discussion on SRS transmission occasion and power scaling
	OPPO

	Proposal: The power scaling of simultaneously transmitted SRS resources for non-codebook when the total power exceeds max transmit power can be up to UE implementation. 
· If further enhancement is needed, option 4 is preferred as a Rel-17/18 CR.


	R1-2402355
	Discussion on SRS transmission occasion and power scaling
	CATT

	Observation 1: When multiple SRS resources belong to different SRS resource sets are overlapped in time, they cannot be considered as in the same SRS transmission occasion.
Observation 2: A clarification on SRS transmission occasion is needed for transmission power determination of SRS resources in an SRS resource set with usage set to ‘nonCodebook’.
Proposal 1: Clarifying in TS 38.213 that SRS transmission occasion is defined per SRS resource.
Proposal 2: For the power scaling of SRS resources in an SRS resource set with usage set to “nonCodebook”, Option 4 is adopted：
· 
Option4: restrict it to ‘nonCodebook’ and the case when UE transmit power exceeds  as below
· 

For simultaneous transmissions of SRS resources of a SRS resource set with higher layer parameter usage in SRS-ResourceSet set to ‘nonCodebook’, if the total UE transmit power for SRS transmission in a respective transmission occasion  would exceed , the UE should perform equal power scaling across the overlapping SRS resources.


	R1-2402416
	Discussion on SRS transmission occasion
	Samsung

	Proposal 1. For SRS resources in a SRS resource set with usage of “nonCodebook”, if multiple SRS resources are fully overlapped in time domain, all overlapped SRS resources shall be treated as a SRS transmission occasion, and SRS transmit power can be equally split across the configured number of SRS ports, i.e., performing equal power allocation per SRS port (i.e., Modified Option 2 in [3]).
Proposal 2. For SRS resources in multiple SRS resource sets with usage of “beamManagement”, if multiple SRS resources across multiple SRS resource sets are fully overlapped in time domain, a SRS resource per each SRS resource set shall be treated as a SRS transmission occasion. Then, SRS transmit power can be determined per SRS resource from a SRS resource set, and SRS transmit power can be equally split across the configured number of SRS ports.
Proposal 3. For SRS resources in multiple SRS resource sets with usage of “beamManagement”, if multiple SRS resources across multiple SRS resource sets are fully overlapped in time domain and if the total UE transmit power would exceed , considering different power control parameters, it is better to leave UE implementation how to perform power scaling across the overlapping SRS resources.


	R1-2402548
	Discussion on SRS power scaling
	CMCC

	
Proposal 1: The calculated transmit power  in current TS 38.213 is defined per SRS resource.
Proposal 2: Support Option4: restrict it to ‘nonCodebook’ and the case when UE transmit power exceeds PCMAX as below:
For simultaneous transmissions of SRS resources of a SRS resource set with higher layer parameter usage in SRS-ResourceSet set to ‘nonCodebook’, if the total UE transmit power for SRS transmission in a respective transmission occasion i would exceed PCMAX, the UE should perform equal power scaling across the overlapping SRS resources.
Proposal 3: For SRS configured with usage “beamManagement”, if the total transmission power does not exceed PCMAX, the transmission power is defined per SRS resource, if the total transmission power exceeds PCMAX, transmission power split up to UE implementation.


	R1-2402549
	Draft CR on SRS power scaling
	CMCC

	

	R1-2403097
	SRS Tx occasion and power scaling
	Ericsson

	Observation 1	Simultaneously transmitted SRS resources of a set should have equal power, although this is not stated in specifications.  Options 2 and 4 both should assume this, although Option 4 only explicitly does so above Pcmax.
Observation 2	It should be clarified if Option 4 has equal power SRS resources when the power is below Pcmax, or if this is left to UE implementation.
Observation 3	In Option 4, when the power at Pcmax, the network can only know if the power per SRS resource is in a range of Pcmax/L to Pcmax for L SRS resources.  Here Option 2 has a power per SRS resource of Pcmax/L.
Observation 4	Option 4 makes it difficult to determine how changing the number of SRS resources will affect SRS power, limiting the ability of the network to adapt SRS to match channel conditions.
Observation 5	Option 4 also makes it difficult to determine the power per PUSCH layer from SRS transmissions.
Observation 6	Option 2 always splits power equally among SRS resources, similar to how power is split among PUSCH layers.  This allows the network to adapt SRS to channel conditions and to determine power per PUSCH layer from SRS transmissions.
Observation 7	While PUSCH and SRS may be in power limit at different times, this does not diminish the need to have a clear relationship of power among SRS resources and between SRS resources and PUSCH power.
Observation 8	Changing the power split text in 38.213 section 7.3 from being over ‘the configured antenna ports for SRS’ to being over ‘all SRS ports of all SRS resources of an SRS resource set in a symbol for SRS transmission’ works for all SRS resource usages.
Proposal 1	Correct 38.213 by changing the power split text in section 7.3 from being over ‘the configured antenna ports for SRS’ to being over ‘all SRS ports of all SRS resources of an SRS resource set in a symbol for SRS transmission’. 

	
	
	
	
	
	
	
	


	



	R1-2403363
	Discussion on SRS transmission occasion and power scaling
	Huawei, HiSilicon

	Proposal 1: Multiple SRS resources with different usage are not expected to be overlapped in time.
Observation 1: If the transmission power does not exceed the maximum transmission power, it is not necessary to explicitly specify the equal split between all SRS ports of all SRS resources.
Proposal 2: For simultaneous transmissions of SRS resources of a SRS resource set with higher layer parameter usage in SRS-ResourceSet set to ‘nonCodebook’, if the total UE transmit power for SRS transmission in a respective transmission occasion i would exceed  , the UE should perform equal power scaling across the overlapping SRS resources, or leave the power scaling to UE implementation.


	R1-2403384
	Correction on Multi-Resource SRS Port Power Scaling
	Ericsson
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