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1	Introduction
In RAN1#116, how SRS antenna port power scaling is defined for an SRS transmission occasion was further discussed [2], following on from RAN1#115 [1]. In the resulting discussion, the moderator made the following proposals that were captured in the RAN1#116 Chair notes:
Study the following two options for RAN1#116bis:
· Modified Option2:
· equally split across all SRS ports in all the overlapping SRS resources in the same SRS resource set with usage ‘nonCodebook’all resources within a set when they are fully overlapped in time.
· 
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.


In RAN1#116bis, while it was not possible to narrow down or merge these two options, conclusions were reached on the relative power of the SRS resources for non-codebook and beam management SRS usages:  
	Conclusion
The transmit power of each of the simultaneously transmitted SRS resources for usage ‘nonCodebook’ is equal in the fully overlapping time/frequency case, regardless of whether calculated transmission power across all SRS resources is higher or lower than Pcmax.
· No specification change

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 transmission power of the SRS resources is left to UE implementation.



In this contribution, we further discuss and refine the above options taking into account the conclusions above and how SRS power scaling should be corrected in the specifications.  Text proposals for the corrections in Rel-18 are given in the Appendix, and a draft Rel-17 CR is provided in [3].
[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.  Other SRS usages than for non-codebook-based operation have similar concerns.  A first issue that arises for simultaneous transmission is if SRS resources must occupy the exact same symbols or not, i.e., if they are ‘fully overlapping’ or ‘partially overlapping’. This led to the following agreements in RAN1#116:
	Conclusion
For a given CC, multiple SRS resources in a set with usage “Codebook” are not expected to be overlapped in time.

Agreement
For a given CC, multiple SRS resources in a set with usage “nonCodebook” are not expected to be partially overlapped in time
· Specification change is only for Rel-17 and onwards

Agreement
For a given CC, multiple SRS resources across multiple sets with usage “beamManagement” are not expected to be partially overlapped in time
· Specification change is only for Rel-17 and onwards



The remaining question is how power is divided among SRS resources and ports, where if SRS resources are transmitted simultaneously, they are fully overlapping.
As introduced above, two options were identified for further discussion:
Study the following two options for RAN1#116bis:
· Modified Option2:
· equally split across all SRS ports in all the overlapping SRS resources in the same SRS resource set with usage ‘nonCodebook’all resources within a set when they are fully overlapped in time.
· 
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.


A first question to address when understanding these two Options is if simultaneously transmitted SRS resources from one SRS resource set can have different power levels.  There is no mechanism that determines the power of an SRS resource from the power of the SRS resource set, which implies it is either up to UE implementation or is a fixed function of the total SRS resource set power. In RAN1#116bis, this question was partly resolved by the following conclusion:
	Conclusion
The transmit power of each of the simultaneously transmitted SRS resources for usage ‘nonCodebook’ is equal in the fully overlapping time/frequency case, regardless of whether calculated transmission power across all SRS resources is higher or lower than Pcmax.
· No specification change



Given this step forward, we can then compare when the UE splits power equally among simultaneously transmitted SRS resources as in Option 2 as opposed to where it uses a power that is set independently of the number of simultaneous SRS resources, i.e., ‘per SRS resource’ power control as in Option 4.  In the remainder of the contribution, we refer to these two options as ‘split total power control’ and ‘per SRS resource power control’.
We can then compare the behavior of the two options with an example.  We assume a 23 dBm (power class 3) UE is configured with 4 SRS resources in one SRS resource set and where all SRS resources are transmitted simultaneously and fully overlapping.
First, for per SRS resource power control, consider where the target power for each of the 4 SRS resources is Pres=100 mW.  The total transmitted power would ideally be 4*100mW=400mW, but Pcmax=200mW, so the UE transmits 200mW.  If instead the target power is 50 mW, the total is again 4*50=200 mW.  So here, the network can’t differentiate between when the UE has 50 vs. 100 mW per SRS resource.
Next, for split total power control, consider where the total power over all 4 SRS resources is Ptot=160 mW. The power per SRS resource is 160/4=40 mW. If the total power is instead 200 mW, the network receives 200/4=50 mW per resource.  In this case, the network knows what the power per resource is, regardless of whether the power exceeds Pcmax or not. 
[bookmark: _Toc166255512][bookmark: _Toc166255521]In per SRS resource power control, 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 split total power control has a power per SRS resource of Pcmax/L.
A problem with not knowing the power per SRS resource is that it is difficult to use power headroom reports.  In the per SRS resource power control example, if the UE indicates a power headroom for SRS that is near Pcmax, it is unclear to the network if reducing the number of SRS resources would increase the power per resource or not.
Another problem is how to determine the amount of power that would be available for non-codebook based PUSCH when the number of PUSCH layers is different from the number of SRS resources.   Split total power control splits power among SRS resources in the same way as non-codebook based transmission splits power among PUSCH layers, as is discussed in more detail below.  Therefore, assuming the same power control settings for PUSCH and SRS, if the UE transmits 200 mW of SRS, the network will know that the power per PUSCH layer will be 200/L for an L layer transmission.  However, with per SRS resource power control, the target power per each of 4 resources can vary between 50 and 200 mW per resource when the total SRS power is 200 mW.  This means that the network will not be able to determine if the PUSCH power for a one-layer transmission is 50 or 200 mW in this case.
[bookmark: _Toc166255513][bookmark: _Toc166255522]Per SRS resource power control 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.
[bookmark: _Toc166255514][bookmark: _Toc166255523]Per SRS resource power control also makes it difficult to determine the power per PUSCH layer from SRS transmissions.
[bookmark: _Toc166255515][bookmark: _Toc166255524]Split total power control 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.
One way to align the two options would be to assume that the power per resource is the total target power for all resources divided by the number of SRS resources in the set, but regardless of the number of SRS resources in a symbol.  In the example above with 4 simultaneous resources and Ptot=100 mW, the network would know that the SRS power per resource is 25 mW.  When Ptot=200mW or higher, the power would be 50 mW.  These are the same values as in the split power case.  Therefore, this approach avoids the problem of inaccurate power knowledge in gNB for SRS and for inferring N layer PUSCH power from SRS. However, if the SRS resources are not simultaneously transmitted (i.e., only one SRS resource per symbol), the power is again 25 and 50 mW for total power of 100 and 200 mW, whereas for the split total power control option the power would be 100 and 200 mW, respectively.  This means that the network will have to assume that there is no power benefit from transmitting SRS resources in different symbols. 
In Rel-18, it is possible to split ports of an 8 port SRS resource among different OFDM symbols.  In this case, as can be seen from 38.213 section 7.3 below, the power is split equally among the ports in each symbol.  Such a TDM’d SRS resource with a symbol carrying 4 of the 8 ports would be 3 dB higher power than a non-TDM’d SRS with a symbol carrying all eight ports.  The behavior above of transmitting the same power regardless of how many SRS resources and ports are in a given symbol is the opposite of that of TDM’d SRS.
	-	if a UE is provided nrofSRS-Ports-n8 = 'ports8tdm' 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 antenna ports on each symbol for SRS transmission.
-	else, 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. 



Similarly, for non-codebook based operation, when the UE transmits rank 1 PUSCH according to any SRS resource, it must transmit the PUSCH at full power, and multi-layer PUSCH transmission splits the total PUSCH power equally among the layers, as can be seen below from 38.214 section 7.1.  This again is the opposite of transmitting at a fixed power regardless of the number of ports in a symbol.
	For a PUSCH transmission on active UL BWP , as described in clause 12, of carrier  of serving cell , a UE first calculates a linear value  of the transmit power , with parameters as defined in clause 7.1.1. For a PUSCH transmission scheduled by a DCI format other than DCI format 0_0, or configured by ConfiguredGrantConfig or semiPersistentOnPUSCH, if txConfig in PUSCH-Config is set to 'codebook', 
…
The UE splits the power equally across the antenna ports on which the UE transmits the PUSCH with non-zero power. 



[bookmark: _Toc166255516][bookmark: _Toc166255525]Splitting the total SRS power by the number of SRS resources in set, regardless of the number of SRS ports in an OFDM symbol mitigates the problem of inaccurate SRS power knowledge for per SRS resource power control.  However, the gNB must still assume that there is no power increase from transmitting fewer SRS resources in a symbol, which is inconsistent with Rel-18 TDM’d SRS as well as Rel-15 non-codebook based PUSCH transmission.
Discussions so far have generally not considered the difference in power for PUSCH and SRS.  SRS is often transmitted wideband to maximize the amount of frequency domain CSI, while PUSCH is not necessarily wideband.  Since power control allocates more power to wider band transmission, SRS may be more power limited than PUSCH.  However, many scenarios are not power limited, and it is still important to have good CSI and knowledge of SRS power in these cases.  Also, MIMO may be used near, as well as below, Pcmax, and so it is important to know how power per layer can be set in power limited scenarios.  Lastly, power allocation strategies can vary widely for different scenarios, and the network should be able to choose SRS and PUSCH powers to be similar or different according to its needs without losing the relationships of PUSCH and SRS resource power.
[bookmark: _Toc166255517][bookmark: _Toc166255526]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.
Moreover, there seem to be two related issues to solve: 1) knowing the relationship between the SRS resource set power and the power per SRS resource and how it varies with the number of simultaneously transmitted resources, and 2) aligning the split of power per SRS resource with TDM'd SRS and PUSCH.  To move the discussion forward, we first propose the following:

[bookmark: _Toc166255519][bookmark: _Toc166255528]As a first step, determine that either a) the power split of simultaneously transmitted SRS resources aligns with the behavior of TDM’d SRS and non-codebook based PUSCH or b) the total PUSCH power is always split equally among all SRS resources in an SRS resource set, regardless of the number of SRS resources in a symbol.
Presuming that the power split is to align with TDM’d SRS and non-codebook based PUSCH, one way implement split total power control in 38.213 section 7.3 can be as follows:

	For SRS, 
-	if a UE is provided nrofSRS-Ports-n8 = 'ports8tdm' 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.
-	else, 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. 



For non-codebook based transmission, the power is split equally among all SRS ports and resources in a symbol.  Since all resources must be fully overlapped, the power is then constant over the SRS symbols.
Since codebook based transmission only allows one SRS resource to be simultaneously transmitted, splitting over ‘all SRS ports of all SRS resources of an SRS resource set in a symbol’ is equivalent to splitting over ‘all SRS ports in an SRS resource’.   Therefore, the text above also works for codebook based transmission.
Antenna switching alternates among SRS resources in time, and multiple SRS resource sets with usage ‘antenna switching’ are not allowed to be transmitted simultaneously.  For antenna switching, splitting over ‘all SRS ports of all SRS resources of an SRS resource set in a symbol’ is again equivalent to splitting over ‘all SRS ports in an SRS resource’, and the same text can be used for antenna switching. 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.
For beam management, simultaneously transmitted SRS resources can be at different power levels.  However, since the power is calculated for ports and resources within each SRS resource set with index , power control defines the relative power of the SRS resources and ports between the different SRS resource sets.  Therefore, the text above supports beam management.
[bookmark: _Toc166255518][bookmark: _Toc166255527]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.
[bookmark: _Toc166255520][bookmark: _Toc166255529]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’.

Conclusion
In this contribution, we discussed the Options for SRS power scaling identified for further discussion in RAN1#116 and how SRS power scaling should be corrected in the specifications.  

We made the following observations:
Observation 1	In per SRS resource power control, 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 split total power control has a power per SRS resource of Pcmax/L.
Observation 2	Per SRS resource power control 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 3	Per SRS resource power control also makes it difficult to determine the power per PUSCH layer from SRS transmissions.
Observation 4	Split total power control 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 5	Splitting the total SRS power by the number of SRS resources in set, regardless of the number of SRS ports in an OFDM symbol mitigates the problem of inaccurate SRS power knowledge for per SRS resource power control.  However, the gNB must still assume that there is no power increase from transmitting fewer SRS resources in a symbol, which is inconsistent with Rel-18 TDM’d SRS as well as Rel-15 non-codebook based PUSCH transmission.
Observation 6	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 7	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.

Given these observations, we propose the following. Text proposals for the corrections in Rel-18 are given in the Appendix, and a draft Rel-15 CR is provided in [3].
Proposal 1	As a first step, determine that either a) the power split of simultaneously transmitted SRS resources aligns with the behavior of TDM’d SRS and non-codebook based PUSCH or b) the total PUSCH power is always split equally among all SRS resources in an SRS resource set, regardless of the number of SRS resources in a symbol.
Proposal 2	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’.
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Appendix: Text proposals
38.213 v. 18.2:
[bookmark: _Toc161999096]7.3	Sounding reference signals
For SRS, 
-	if a UE is provided nrofSRS-Ports-n8 = 'ports8tdm' 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.
-	else, 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. 
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