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1. Introduction
In RAN Plenary #92-e, RAN plenary approve the new work item on “UE RF requirements for Transparent Tx Diversity (TxD) for NR”, regarded the official work assignment tasked by RAN plenary on the long-lasting RAN4 discussion on transparent TxD which can be dated back to Rel-15 [1]. Specifically, the following objectives are set up by RAN plenary:  
	UE Requirements for the feature Transparent Tx Diversity (TxD):
· Phase 1:
· Complete needed specification changes to such items as spectral flatness, MPR, EVM, ACLR for all power classes to enable UE to implement Transmit Diversity (TxD) [RAN4]
· The concluded agreements related to Tx Diversity (TxD) shall be followed
· [bookmark: _Hlk74916731]UE capability signalling of Transparent Tx Diversity (TxD) and allowing early implementation from Rel-15 [RAN2] 
· Phase 2:
· Specify, if necessary, changes to enable Transmit Diversity (TxD) capable UE to support SRS antenna switching and Uplink full power transmission (ULFPTx). [RAN4, RAN2]
· Leverage existing work for this feature done up to now. [RAN4, RAN2]
· A TP will be provided for TR including previous background and agreements documented in TR format in the first meeting
Note: Running CR is utilized to reflect the progress for phase 1 and phase 2. Phase 1 and phase 2 requirements can be studied in parallel, but phase 1 requirements have high priority to be finished firstly
Note: The relationship between transparent TxD requirements and requirements on ULFPTx and SRS switching can be discussed in phase 1. In particular it should be agreed during phase 1 whether the requirements to be derived during phase 2 for ULFPTx and SRS switching should apply regardless of TxD capability/requirements/behaviour or not.


In this contribution, we would like to focus on the impact of introducing transparent TxD on existing SRS antenna switching related requirement, and provide our viewpoints accordingly. 
2. Discussion on Existing SRS Antenna Switching Requirement [The Same Content as R4-2113179]
2.1 Current Requirement for SRS Antenna Switching
To enable SRS antenna swithing, RAN4 has introduced the additional relaxation ∆TRxSRS for the UE RF requirement of configured TX power, which provides the required relaxation for UE using non-primary TX to transmit SRS, depending on different kinds of UE implementation.
Updated by latest CR for Rel-15 (R4-2011342, agreed in Aug meeting 2020), the following changes are introduced to cover cases of SRS carrier switching when the primary TX is PC2, by accounting the insertion loss properly.  
	<From CR R4-2011342>
∆TRxSRS is applied when 
1. UE transmits SRS to other than first SRS port when the SRS-TxSwitch capability is indicated as  '1T2R', '1T4R' or, '1T4R/2T4R' with UE configured with 4 SRS resources in the SRS resource set, and when 
1. UE transmits SRS to other than first or second SRS port when the SRS-TxSwitch capability is indicated as  '2T4R' or '1T4R/2T4R' with the UE configured with 2 SRS resources in the SRS resource set, or. 
1. UE transmits SRS to a DL-only carrier
The value of ∆TRxSRS is 4.5dB for n79 and 3 dB for bands whose FUL_high is lower than the FUL_low of n79 when the device is capable of power class 3 in the band.  The value of ∆TRxSRS is 7.5dB for n79 and 6 dB for bands whose FUL_high is lower than the FUL_low of n79 when the device is capable of power class 2 in the band.
For other SRS transmissions ∆TRxSRS is zero;



Before investigating the impact of introducing transparent TxD on current SRS antenna switching related requirement, we would like to firstly share our view on current specification, on the following Issues:
· Issue-1: After deleting the two highlighted sentences, seems we can’t discriminate two different conditions for 1T4R/2T4R. 
· Firstly, after deleting the terms of ”with UE configured with 4 SRS resources in the SRS resource set” and ”with UE configured with 2 SRS resources in the SRS resource set”, the confusion comes: If SRS-TxSwitch capability is indicated as ’1T4R/2T4R’, whether or not ∆TRxSRS shall be applied on the 2nd SRS port is not clear. 
· Origianlly, the intention of two deleted terms are: 
· '1T4R/2T4R' with UE configured with 4 SRS resources in the SRS resource set   corresponding to 1T4R as original intention
· '1T4R/2T4R' with UE configured with 2 SRS resources in the SRS resource set   corresponding to 2T4R as original intention
· And the UE behavior corresponding to 1T4R and 2T4R are described in the correponding color-highlighted parts copied from TS38.214 (see below). 
· Observation 1: Based on current specification, it is not clear whether or not ∆TRxSRS shall be applied on the 2nd SRS port, if SRS-TxSwitch capability is indicated as ’1T4R/2T4R’
· Issue-2: To solve Issue-1, even we go back to the original conditions before CR R4-2011342, still not correct: 
· Strictly speaking, the way to discriminate 2T4R and 1T4R is the number of ports, rather than number of resources: 
· As demonstrated below (content copied from TS38.214), for 2T4R, it is still possible to have 2 SRS resource sets and each with 2 SRS resources, so also totally 4 SRS resources, as highlighted by the below purple-colored content.

	When the UE is configured with the higher layer parameter usage in SRS-ResourceSet set as 'antennaSwitching', the UE may be configured with only one of the following configurations depending on the indicated UE capability supportedSRS-TxPortSwitch ('t1r2' for 1T2R, 't1r1-t1r2' for 1T=1R/1T2R, 't2r4' for 2T4R, 't1r4' for 1T4R, 't1r1-t1r2-t1r4' for 1T=1R/1T2R/1T4R, 't1r4-t2r4' for 1T4R/2T4R, 't1r1-t1r2-t2r2-t2r4' for 1T=1R/1T2R/2T=2R/2T4R, 't1r1-t1r2-t2r2-t1r4-t2r4' for 1T=1R/1T2R/2T=2R/1T4R/2T4R, 't1r1' for 1T=1R, 't2r2' for 2T=2R, 't1r1-t2r2' for 1T=1R/2T=2R, 't4r4' for 4T=4R, or 't1r1-t2r2-t4r4' for 1T=1R/2T=2R/4T=4R):
· For 1T2R, up to two SRS resource sets configured with a different value for the higher layer parameter resourceType in SRS-ResourceSet set, where each set has two SRS resources transmitted in different symbols, each SRS resource in a given set consisting of a single SRS port, and the SRS port of the second resource in the set is associated with a different UE antenna port than the SRS port of the first resource in the same set, or
· For 2T4R, up to two SRS resource sets configured with a different value for the higher layer parameter resourceType in SRS-ResourceSet set, where each SRS resource set has two SRS resources transmitted in different symbols, each SRS resource in a given set consisting of two SRS ports, and the SRS port pair of the second resource is associated with a different UE antenna port pair than the SRS port pair of the first resource, or
· For 1T4R, zero or one SRS resource set configured with higher layer parameter resourceType in SRS-ResourceSet set to 'periodic' or 'semi-persistent' with four SRS resources transmitted in different symbols, each SRS resource in a given set consisting of a single SRS port, and the SRS port of each resource is associated with a different UE antenna port, and
· [bookmark: _Hlk493885834]For 1T4R, zero or two SRS resource sets each configured with higher layer parameter resourceType in SRS-ResourceSet set to 'aperiodic' and with a total of four SRS resources transmitted in different symbols of two different slots, and where the SRS port of each SRS resource in the given two sets is associated with a different UE antenna port. The two sets are each configured with two SRS resources, or one set is configured with one SRS resource and the other set is configured with three SRS resources. The UE shall expect that the two sets are both configured with the same values of the higher layer parameters alpha, p0, pathlossReferenceRS, and srs-PowerControlAdjustmentStates in SRS-ResourceSet. The UE shall expect that the value of the higher layer parameter aperiodicSRS-ResourceTrigger or the value of an entry in AperiodicSRS-ResourceTriggerList in each SRS-ResourceSet is the same, and the value of the higher layer parameter slotOffset in each SRS-ResourceSet is different. Or, 
· For 1T=1R, or 2T=2R, or 4T=4R, up to two SRS resource sets each with one SRS resource, where the number of SRS ports for each resource is equal to 1, 2, or 4.


· Observation 2: To discriminate 2T4R and 1T4R for UE supporting ’ '1T4R/2T4R’, it shall be based on the number of ports, rather than number of SRS resources. 
· Issues-3: For UE capable of PC2, it is still possible to have “ΔPPowerClass = 3 dB”, and if “ΔPPowerClass = 3 dB”, UE should not be provided with additional 3dB relaxation for PC2 UE.
· The additional PC2’s 3dB for ∆TRxSRS should be applied only “ΔPPowerClass = 0 dB” AND UE capable of PC2. 
· However, current RAN4 requirement gives 3dB backoff whenever UE support PC2 in that band. 
· Observation 3: UE should not be provided with additional 3dB relaxation for PC2 UE, if ΔPPowerClass = 3 dB. 

2.2 Revisions for Current Requirement for SRS Antenna Switching 
To solve the above-mentioned issue 1, 2 and 3, the following highlighted text proposals are provided: 
Proposal-0:  To solve the issues mentioned in Observation 1/2/3, the following text proposals shall be adopted: 
	∆TRxSRS is applied when 
a) UE transmits SRS to other than first SRS port when the SRS-TxSwitch capability is indicated as  '1T2R', '1T4R' or, '1T4R/2T4R'  with all the configured SRS resources in the SRS resource set(s) consisting of one SRS port, 
b) UE transmits SRS to other than first or second SRS port when the SRS-TxSwitch capability is indicated as  '2T4R' or '1T4R/2T4R' with all the configured SRS resources in the SRS resource set(s) consisting of two SRS ports, or  
c) UE transmits SRS to a DL-only carrier
The value of ∆TRxSRS is 4.5dB for n79 and 3 dB for bands whose FUL_high is lower than the FUL_low of n79 when the device is capable of power class 3 in the band, or when the device is capable of power class 2 in the band and ΔPPowerClass = 3 dB. The value of ∆TRxSRS is 7.5dB for n79 and 6 dB for bands whose FUL_high is lower than the FUL_low of n79 when the device is capable of power class 2 in the band and ΔPPowerClass = 0 dB.



3. Relationship between TxD and SRS Antenna Switching 
Here we will discuss the relationship between TxD and SRS antenna switching, which is the basis to analyze the potential impact of introducing TxD capable UE. Here we would like to break the discussion according to different scenarios below: 
· 1T2R (i.e., if the SRS-TxSwitch capability is indicated as  '1T2R'):
· For UE supporting transparent TxD,  TxD is used to generate the claimed power, e.g., 23dBm branch-1 + 23dBm branch-2 for PC2 UE. However, for SRS transmission, if 2 SRS resources are mapped to two TX/RX branches, then 3dB degradation is needed also to 1st SRS port: 
· UE capable of PC2: ∆TRxSRS is 3dB for 1st port and 2nd port for non-full-rated PAs, but whether or not IL is still needed is questionable.
· UE capable of PC3: ∆TRxSRS is 3dB for 1st port and 2nd port, but it is still not clear 20dBm+20dBm TxD exist or not, but it is different story for TxD’s applicability, no impact on “∆TRxSRS is applied to all SRS port”
· Proposal 1: For 1T2R SRS antenna switching, UE capable of PC2 (with ΔPPowerClass = 0 dB) and tranparent TxD: 
· needs to be allowed for 3dB on both 1st and 2nd ports due to non-full-rated PAs; 
· whether or not still to take insertion loss (4.5dB for n79 and 3 dB for bands whose FUL_high is lower than the FUL_low of n79) on the 2nd port into account needs FFS. 
· 1T4R (i.e., if the SRS-TxSwitch capability is indicated as  '1T4R' or ’1T4R/2T4R’ with all the configured SRS resources in the SRS resource set(s) consisting of one SRS port): 
· For UE supporting transparent TxD,  the condition on 1st and 2nd port should be similar to above 1T2R discussion. 
· For 3rd and 4th antenna ports, both 3dB PC degradation and insertion loss should be take into account.  
· Proposal 2: For 1T4R SRS antenna switching, UE capable of PC2 (with ΔPPowerClass = 0 dB) and tranparent TxD: 
· needs to be allowed for 3dB on both 1st and 2nd port due to non-full-rated PAs; 
· whether or not still to take insertion loss (4.5dB for n79 and 3 dB for bands whose FUL_high is lower than the FUL_low of n79) on the 2nd port into account needs FFS. 
· no change on 3rd and 4th antenna port, i.e., The value of ∆TRxSRS is 7.5dB for n79 and 6 dB for bands whose FUL_high is lower than the FUL_low of n79). 
· 2T4R (i.e., if the SRS-TxSwitch capability is indicated as  '2T4R' or ’1T4R/2T4R’ with all the configured SRS resources in the SRS resource set(s) consisting of two SRS ports): 
· For UE supporting transparent TxD,  23dBm + 23dBm for UE to claim PC2 is possible, so 1st port and 2nd port should also have 3dB relaxation. 
· Proposal 3: For 2T4R SRS antenna switching, UE capable of PC2 (with ΔPPowerClass = 0 dB) and tranparent TxD: 
· needs to be allowed for 3dB on both 1st and 2nd port due to non-full-rated PAs; 
· No insertion loss is needed for 1st and 2nd ports;
· No change on 3rd and 4th antenna port, i.e., The value of ∆TRxSRS is 7.5dB for n79 and 6 dB for bands whose FUL_high is lower than the FUL_low of n79). 

3. Conclusion
In this contribution, we provide our analysis on the impact of introducing transparent TxD particularly on existing SRS antenna switching related requirement, and accordingly the following proposals and observations are obtained: 
<The same observations and proposal as R4-2113179>
· Observation 1: Based on current specification, it is not clear whether or not ∆TRxSRS shall be applied on the 2nd SRS port, if SRS-TxSwitch capability is indicated as ’1T4R/2T4R’
· Observation 2: To discriminate 2T4R and 1T4R for UE supporting ’ '1T4R/2T4R’, it shall be based on the number of ports, rather than number of SRS resources. 
· Observation 3: UE should not be provided with additional 3dB relaxation for PC2 UE, if ΔPPowerClass = 3 dB. 
· Proposal-0:  To solve the issues mentioned in Observation 1/2/3, the following text proposals shall be adopted: 
	∆TRxSRS is applied when 
a) UE transmits SRS to other than first SRS port when the SRS-TxSwitch capability is indicated as  '1T2R', '1T4R' or, '1T4R/2T4R'  with all the configured SRS resources in the SRS resource set(s) consisting of one SRS port, 
b) UE transmits SRS to other than first or second SRS port when the SRS-TxSwitch capability is indicated as  '2T4R' or '1T4R/2T4R' with all the configured SRS resources in the SRS resource set(s) consisting of two SRS ports, or  
c) UE transmits SRS to a DL-only carrier
The value of ∆TRxSRS is 4.5dB for n79 and 3 dB for bands whose FUL_high is lower than the FUL_low of n79 when the device is capable of power class 3 in the band, or when the device is capable of power class 2 in the band and ΔPPowerClass = 3 dB. The value of ∆TRxSRS is 7.5dB for n79 and 6 dB for bands whose FUL_high is lower than the FUL_low of n79 when the device is capable of power class 2 in the band and ΔPPowerClass = 0 dB.



<Proposals for TxD UE related>
· Proposal 1: For 1T2R SRS antenna switching, UE capable of PC2 (with ΔPPowerClass = 0 dB) and tranparent TxD: 
· needs to be allowed for 3dB on both 1st and 2nd ports due to non-full-rated PAs; 
· whether or not still to take insertion loss (4.5dB for n79 and 3 dB for bands whose FUL_high is lower than the FUL_low of n79) on the 2nd port into account needs FFS. 
· Proposal 2: For 1T4R SRS antenna switching, UE capable of PC2 (with ΔPPowerClass = 0 dB) and tranparent TxD: 
· needs to be allowed for 3dB on both 1st and 2nd port due to non-full-rated PAs; 
· whether or not still to take insertion loss (4.5dB for n79 and 3 dB for bands whose FUL_high is lower than the FUL_low of n79) on the 2nd port into account needs FFS. 
· no change on 3rd and 4th antenna port, i.e., The value of ∆TRxSRS is 7.5dB for n79 and 6 dB for bands whose FUL_high is lower than the FUL_low of n79). 
· Proposal 3: For 2T4R SRS antenna switching, UE capable of PC2 (with ΔPPowerClass = 0 dB) and tranparent TxD: 
· needs to be allowed for 3dB on both 1st and 2nd port due to non-full-rated PAs; 
· No insertion loss is needed for 1st and 2nd ports;
· No change on 3rd and 4th antenna port, i.e., The value of ∆TRxSRS is 7.5dB for n79 and 6 dB for bands whose FUL_high is lower than the FUL_low of n79). 
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