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Introduction
[bookmark: _GoBack]The SRS antenna switching for TxD was discussed before the WI for TxD was approved in RAN#92. In RAN4#99, a WF [1] was approved in which initial agreements in GTW was included.
In RAN4#100-e, some discussions were held for this topic such as [2][3] as documented in the minutes [4]. However, the discussion was largely postponed without progress, since the main focus was put to Rel-15 maintenance, which results in improved text and more refined condition without considering TxD, the discussion and CRs are [5][6][7][8] in maintenance agenda [9].
In this contribution, the SRS antenna switching was continued based on previous conclusion and discussion.
Discussion
2.1 Requirements analysis
In previous WF [1], there is already following GTW agreements:
· SRS antenna switching which was targeted for DL CSI would not use UL antenna virtualization,
· SRS antenna switching functionality cannot be excluded for UE supporting TxD.
In addition, there is following guidance of way forward:
· Introduce PC1.5 to spec
· Explicit introduce TxD for SRS antenna switching IL, but how to harmonize with the current SRS conditions are FFS, and the exact IL values are FFS
· At least following PC2 UE architectures with TxD but without antenna virtualization for all antenna ports are to be analyzed in #100e
· 23PA+23PA
· 26PA+23PA
· 26PA+26PA
· At least 1T2R, 1T4R, 2T4R and 1T4R/2T4R srs-TxSwitch are to be analyzed in #100e
In RAN4#100-e, though discussion and CRs were postponed because of instable Rel-15 baseline and also strong objection to use TxD capability in Rel-15, still the discussion in [2][3] already cover many of these issues and most of the analysis are reasonable. It is observed that the main problem TxD introduced is that for the structure with only half-power PA compared to declared power class, new relaxation of 3dB should be introduced for for the cases of optimum Tx chain that currently do not need relaxation, while 2T4R is a special case that well adapt with TxD that can still have no relaxation.
Proposal 1: With TxD capable UE that with only half-power PA compared to declared power class possible, new relaxation of 3dB should be introduced for the cases of optimum Tx chain, while 2T4R which adapt to TxD can still have no relaxation.

For SRS-TxSwtich, there is a background description in [3] that new IE SRS-TxSwtich-v1610 was defined, and it was proposed to replace SRS-TxSwtichin the requirments.
[image: ]
However, we think this is not necessary, and continuing to use Rel-15 signalling of SRS-TxSwtich is already sufficient for TxD. Anyway, for Rel-16 and later, both these parameters are available. If we further differentiate the conditions of SRS-TxSwtich, it will make the alignment of conditions between different releases even more complicated and no significant merits would be observed. 
Observation 1: SRS-TxSwtich can be continued to use in Rel-17, while introducing SRS-TxSwtich-v1610 parameters would make the requirements more complicated.
Furthermore, it should be noted Tx diversity can be release independent from Rel-15, if we define SRS requirements which is depend also on other Rel-16 signalling, it may bring more difficulty for release independency to be achieved. E.g. a Rel-15 UE should also implement other Rel-16 signalling apart from TxD to enable this feature.
Observation 2: Requirements depend on other Rel-16 signalling such as SRS-TxSwtich-v1610 may bring more difficulty for release independency of TxD to be achieved.
Based on these two observations, the following proposal is provided:
Proposal 2: Continue to use Rel-15 capability SRS-TxSwtich for Rel-17 TxD requirements and do not introduce SRS-TxSwtich-v1610, for simpler spec and easier release independency.

Regarding different structures, “23+23, 26+23, 26+26” for power class 2 UE, actually the latter two were already covered by current spec, and the main revision of requirements for TxD is considering “23+23” case in which no full-power PA was equipped. In addition, those relaxations were already have the principle of considering the worst case, and this principle can be reused to keep consistency and simplicity.
Proposal 3: Continue to consider lower possible PA configuration as current requirements did.

Power class 1.5 was currently specified in Rel-16, while can be release independent from Rel-15. Current assumption is that a power class 1.5 UE would equip 26+26 PA and have to support TxD. Since it is basically depend on TxD, it is proposed to define SRS requirements for PC1.5 in Rel-17 rather than in Rel-16 for simplification, the requirements can be release independent to earlier release anyway.
For the detailed requirements, it is found that relaxation of PC 1.5 UE is quite similar to 23+23 for power class 2, and a ΔPPowerClass = 0dB would require another 3dB more relaxation for non-optimum Tx Chain for single Tx SRS case. For ΔPPowerClass = 3/6 dB case, the relaxation needed is similar to 23+23 for PC2 that every chain is already “full power” considering the reduced power class, thus additional 3dB is not necessary.
However, in latest current Rel-17 spec, it seems that PC1.5 was simply added with PC2 in this part and does not differentiate them. It is obvious not correct.
Observation 3: In current 38.101-1 V17.3.0, PC1.5 was simply added with PC2 in SRS switching part and no differentiation made.
Proposal 4: Define SRS switching requirements for PC1.5 in Rel-17 only (A CR to remove Rel-16 part of this is also provided in maintenance agenda), and the relaxation principle is similar to 23+23 for PC2. 

Regarding DL-only carrier, the detailed analysis can reference to earlier contribution [R4-2011341]. The principle is that all the relaxation is the same to 1 SRS Tx through non-optimum chain. This is also applicable to TxD. The 3dB relaxation introduce by non-full power PA for TxD in optimum chain doesn’t have an impact.
Proposal 5: TxD would not impact the relaxation for DL-only carrier.

2.2 How to draft specification
In last meeting, the baseline Rel-15 SRS requirements were refined in maintenance agenda without considering TxD, the discussion and CRs are [5][6]. The conditions were much more precise now without ambiguity. However, with the much more complicated condition in various cases, further expansion to cover TxD case needs to be carefully drafted.
The current requirements mixed many different variables, in order not to omit any condition, an exercise was done by the author:
· Separate and list all the detailed conditions and corresponding insertion loss requirements;
· Group and combine the conditions by different set of requirements, combine TxD capable and non-TxD capable UE;
· Doing editorial refinements to make structure clearer; 
By doing this, a text proposal was provide in Annex A, which is also incorporated in the CR in this meeting.
Proposal 6. A draft text proposal for SRS requirements, the developing procedure is as following, were provided in Annex and also include the CR.
· Separate and list all the detailed conditions and corresponding insertion loss requirements;
· Group and combine the conditions by different set of requirements, combine TxD capable and non-TxD capable UE;
· Doing editorial refinements to make structure clearer; 

2.2 Possible RAN1/2 impact
There are a total of four usage case for SRS-ResourceSet as defined in 38.331as following:
    usage                  ENUMERATED {beamManagement, codebook, nonCodebook, antennaSwitching},

All the current discussion for SRS antenna switching requirements, were based on the condition that SRS transmission occasions with usage in SRS-ResourceSet set as ‘antennaSwitching’. For TxD capable UE, we also the following GTW agreements were reached in RAN4#99-e and this has become the foundation of current proposal for TxD:
· SRS antenna switching which was targeted for DL CSI would not use UL antenna virtualization,
For other SRS resource set with different usage cases, if the SRS resources be shared between the sets, it is possible to have contradicting need for the UL antenna virtualization. In another word, if the same SRS shared by two resource sets was required to not use UL AV in one set while need/mandatory to use UL AV in another resource set to adapt PUSCH for TxD, a contradicting condition may arise. 
Observation 4: There is possible contradiction if the same SRS shared by two resource sets was required to not use UL AV in one set while need/mandatory to use UL AV to adapt PUSCH for TxD in another resource set,
As far as we know, currently there seems no clear guidance in RAN1 and RAN2 for this, and some existing discussion were already there regarding the sharing of SRS resources between different sets.
Based on this condition, it is proposed to send an LS to RAN1 clarify for this to avoid future contradiction. A draft version was attached in Annex B.
Proposal 7. Send a LS to RAN1 to explain RAN4 agreements, and ask to clarify the case about SRS resource sharing between resource sets with different usage to avoid contradiction and make revisions if necessary.

Conclusion
In this paper, we provide our views on SRS antenna switching for TxD.
Regarding requirements,
Proposal 1: With TxD capable UE that with only half-power PA compared to declared power class possible, new relaxation of 3dB should be introduced for the cases of optimum Tx chain, while 2T4R which adapt to TxD can still have no relaxation.
Observation 1: SRS-TxSwtich can be continued to use in Rel-17, while introducing SRS-TxSwtich-v1610 parameters would make the requirements more complicated.
Observation 2: Requirements depend on other Rel-16 signalling such as SRS-TxSwtich-v1610 may bring more difficulty for release independency of TxD to be achieved.
Proposal 2: Continue to use Rel-15 capability SRS-TxSwtich for Rel-17 TxD requirements and do not introduce SRS-TxSwtich-v1610, for simpler spec and easier release independency.
Proposal 3: Continue to consider lower possible PA configuration as current requirements did.
Observation 3: In current 38.101-1 V17.3.0, PC1.5 was simply added with PC2 in SRS swithicng part and no differentiation made.
Proposal 4: Define SRS switching requirements for PC1.5 in Rel-17 only (A CR to remove Rel-16 part of this is also provided in maintenance agenda), and the relaxation principle is similar to 23+23 for PC2. 
Proposal 5: TxD would not impact the relaxation for DL-only carrier.

Regarding how to draft specification,
Proposal 6: A draft text proposal for SRS requirements, the developing procedure is as following, were provided in Annex and also include the CR.
· Separate and list all the detailed conditions and corresponding insertion loss requirements;
· Group and combine the conditions by different set of requirements, combine TxD capable and non-TxD capable UE;
· Doing editorial refinements to make structure clearer; 

Regarding possible RAN1/2 impact;
Observation 4: There is possible contradiction if the same SRS shared by two resource sets was required to not use UL AV in one set while need/mandatory to use UL AV to adapt PUSCH for TxD in another resource set,
Proposal 7: Send a LS to RAN1 to explain RAN4 agreements, and ask to clarify the case about SRS resource sharing between resource sets with different usage to avoid contradiction and make revisions if necessary.
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Annex A Draft Text proposal for SRS switching
∆TRxSRS is applied during SRS transmission occasions with usage in SRS-ResourceSet set as ‘antennaSwitching’ when 
a)	UE transmits SRS on the second SRS resource in every configured SRS resource set when the SRS-TxSwitch capability is indicated as 't1r2', or
UE transmits SRS on the second, third and fourth SRS resources of the total 4 SRS resources from all configured SRS resource set(s) consisting of one SRS port when the SRS-TxSwitch capability is indicated as 't1r4' or, 't1r4-t2r4', or
UE transmits SRS from the second SRS port pair on the second SRS resource in every configured SRS resource set consisting of two SRS ports when the SRS-TxSwitch capability is indicated as ' t2r4' or ' t1r4-t2r4', or
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, or
· when the device is capable of power class 1.5 in the band and ΔPPowerClass = 3 or 6 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 or 1.5 in the band and ΔPPowerClass = 0 dB.
b)	 UE indicating Tx diversity and transmits SRS on the first SRS resource in every configured SRS resource set when the SRS-TxSwitch capability is indicated as 't1r2', 
or UE indicating Tx diversity and transmits SRS on the first SRS resource of the total 4 SRS resources from all configured SRS resource set(s) consisting of one SRS port when the SRS-TxSwitch capability is indicated as 't1r4' or, 't1r4-t2r4'
· The value of ∆TRxSRS is 3dB
For other SRS transmissions ∆TRxSRS is zero;
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1. Overall Description:
Currently, RAN4 is extending its insertion loss requirements for SRS transmission occasions with usage in SRS-ResourceSet set as ‘antennaSwitching’ to the case of Tx Diversity. It was agreed in RAN4 that:
· SRS antenna switching which was targeted for DL CSI would not use UL antenna virtualization,
This would impact the requirements [and a CR has been agreed as attached].
However, RAN4 is not sure whether other SRS-ResourceSet usage would have similar or different assumption for UL antenna virtualization. For other SRS resource set with different usage cases, if the SRS resources be shared between the sets, it seems possible to have contradicting need for the UL antenna virtualization. E.g. if the same SRS shared by two resource sets was required to not use UL AV in one set while need/mandatory to use UL AV in another resource set, a contradicting condition may arise.


2. Actions:
To RAN1:
ACTION: RAN4 respectfully asks RAN1 to help clarify the following question:
Question 1: Whether other usage of SRS-ResourceSet apart from ‘antennaSwitching’ would have the possibility to use UL antenna virtualization?

Question 2: If the answer to Question 1 is yes, is it possible for SRS resources can be shared between the two different sets with different usage?

Question 3: If the answer to Question 2 is yes, is there any action would be taken to solve this contradiction? 

3. Date of Next TSG WG RAN4 Meetings:
TSG-RAN WG4 Meeting #101-e-Bis	17 - 25 Jan. 2022        TBD
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