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Introduction
At RAN1 #92bis issues with the power scaling for PUSCH [1] as well as for SRS [2] were raised. We will in this contribution present our view on the SRS power scaling. 
SRS in NR 
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 will in the following discuss several different SRS configurations from an SRS power control perspective in terms of a set of physical resources as presented in Figure 1. In these examples we let  be denoted P to simplify the notation. Based on the discussion we will propose some modifications based on the issues we identify for SRS power control.  
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[bookmark: _Ref513524135]Figure 1. NR physical resources 
Higher layer parameter SRS-SetUse set to ‘codebook’
When SRS-SetUse is set to ‘codebook’ the intended use case is codebook based UL MIMO where one or two SRS resources can be configured within an SRS resource set and each SRS resource contains up to 4 antenna ports. Three potential configurations are illustrated in Figure 2 where it is assumed that an SRS resource set containing two SRS resources has been configured. Each SRS resource is represented with a color in the figures. In these examples, the comb level is two, and each resource is configured with a different comb offset. Below the examples we have marked our opinion for how the power control should be applied for these cases in terms of total power from the transmitted SRS resource set per OFDM symbol. For these examples we note that 
· 
In example 1 the SRS resources are transmitted in different OFDM symbols. Hence, here it will be possible to transmit P= in each OFDM symbol. 
· 
In example 2 the SRS resources are transmitted in the same OFDM symbol. In this case the power will hence need to be shared between the SRS resources such that each SRS resource is transmitted with/2. 
· In example 3 a repetition factor of two is configured and the SRS resources are starting in different OFDM symbols and they are transmitted simultaneously in one OFDM symbol. Hence, here the number of SRS ports and SRS resources transmitted per OFDM symbol will vary over the SRS resource set. On option would then be to let the power per SRS port vary over the OFDM symbols, such that P is transmitted in each symbol, but that would introduce a transient and will make it difficult for the UE to keep the phase coherence between the OFDM symbols. In order to avoid this the power per SRS symbol should therefore be kept constant over the OFDM symbols. To keep the power constant per transmitted SRS port the power per SRS port therefore needs to be set based on the most loaded OFDM symbol and then be used throughout the transmission of the entire SRS resource set. Therefore, only P/2 will be transmitted in two of the OFDM symbols. 
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[bookmark: _Ref513129159][bookmark: _Ref513129149]Figure 2. Three potential configurations of two SRS resources of one SRS resource set for codebook based transmission. 
Observations: 
· The number of SRS ports and SRS resources transmitted per OFDM symbol for an SRS resource set may vary over the OFDM symbols corresponding to the SRS resource set.  
· An SRS port transmitted over multiple OFDM symbols should keep a constant power over these symbols. 
Proposals: 
· 
A total power of   should at most be transmitted per OFDM symbol in transmission period i from the transmitted SRS resource set qs. 
· All of the SRS ports transmitted from SRS resource set qs, in transmission period i, are transmitted with the same power per port. 
Higher layer parameter SRS-SetUse set to ‘beamManagement’
When SRS-SetUse is set to ‘beamManagement’ the intended use case is beam management where several SRS resources can be configured within potentially several SRS resource sets and each SRS resource contains 1 antenna port. At each OFDM symbol, only one SRS resource in each of the SRS sets can be transmitted. One potential configuration is illustrated in Figure 3 where two SRS resource sets are illustrated. One of the SRS resource sets is spread over multiple slots whereas one is only present in one slot. For this we conclude that the analysis on the transmitted SRS power needs to be done within a single slot; if for instance one would like to keep the power of the ports within the entire SRS resource set constant such that  it would be imply that “set 2” in the below example would need to be considered when the output power scaling of  is decided. Hence, this will imply an inter slot dependency in the SRS scaling that is unfeasible, consider for instance the case that “set 2” is triggered in an aperiodic fashion. 
Observation: 
· The procedure on how to determine the power to be used for transmitting an SRS port in transmission period i should not depend on SRS transmissions outside transmission period i. 
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[bookmark: _Ref513524173]Figure 3. One potential configuration of an SRS resource set. 
Higher layer parameter SRS-SetUse set to ‘nonCodebook’
When SRS-SetUse is set to ‘nonCodebook’ the intended use case is non-codebook based UL MIMO where up to four SRS resources can be configured within an SRS resource set and each SRS resource contains 1 antenna port. The first configuration illustrated in Figure 4  assumes that an SRS resource set containing four SRS resources have been configured. Each SRS resource is represented with a color in the figures. In these examples, the comb level is four, and each resource is configured with a different comb offset. In the second illustration the same configuration as in the first example is illustrated but in addition there is an additional SRS resource set present as illustrated by green and the UE will hence divide its transmission power over these simultaneous SRS transmissions. It is hence concluded that over the OFDM symbols used for SRS transmission not only the number of SRS ports and SRS resources may vary, but also the number of SRS resource sets. 
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[bookmark: _Ref513524182]Figure 4. Two potential configurations SRS resource sets. 
Observation: 
· The number of SRS resource sets transmitted per OFDM symbol within a transmission period may vary over the OFDM symbols.  
Proposal: 
· 
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. 
The above proposal will hence make sure that when multiple SRS resource sets are transmitted in the transmission period the power of all of them are scaled such that Pcmax is not exceeded in any OFDM symbol when multiple SRS resource sets are being transmitted on the same OFDM symbol. 
Text proposal
The proposals made herein may be summarized with the following proposal: 
>>>>>>>>>>>> Start text proposal >>>>>>>>>>>>




For SRS, the antenna ports from SRS resource set  transmitted in transmission period i on UL BWP  of carrier  of serving cell  are transmitted with the power f,cii,  per antenna port where 
· 

 is the linear value of the transmit power , and 
· i, is the maximum number of antenna ports transmitted in one of the OFDM symbols corresponding to SRS resource set  in transmission period i, and
·  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. 
>>>>>>>>>>>> End text proposal >>>>>>>>>>>>>
Conclusions
In this contribution we have made the following observations and proposals. 
Observations: 
· The number of SRS ports and SRS resources transmitted per OFDM symbol for an SRS resource set may vary over the OFDM symbols corresponding to the SRS resource set.  
· An SRS port transmitted over multiple OFDM symbols should keep a constant power over these symbols. 
· The procedure on how to determine the power to be used for transmitting an SRS port in transmission period i should not depend on SRS transmissions outside transmission period i. 
· The number of SRS resource sets transmitted per OFDM symbol within a transmission period may vary over the OFDM symbols.  
Proposals: 
· 
A total power of   should at most be transmitted per OFDM symbol in transmission period i from the transmitted SRS resource set qs. 
· All of the SRS ports transmitted from SRS resource set qs, in transmission period i, are transmitted with the same power per port.  
· 
[bookmark: _GoBack]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. 
In addition, a text proposal has also been presented capturing these proposals. 
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