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Introduction
In their LS [1], RAN4 raised the issue of impact on FDD Rx for the FDD band in an FDD+TDD combination caused by SRS antenna switching. RAN1 discussed potential specification changes in RAN1#112bis and whether such changes were needed.  However, no conclusion was reached, and further discussion was postponed to RAN1#114. This contribution reviews the issues discussed, considers the benefits of potential RAN1 specification changes, and proposes a resolution for the issue.
Discussion 
In [1], RAN4 identify potential impacts on FDD reception in an FDD+TDD combination caused by SRS antenna switching when UEs share TX chains for FDD and TDD. In the following, we briefly revisit the email discussion [2], and then propose a resolution.
As pointed out in [1], during LTE it was discussed in [3] that some TDD and FDD bands share common RF front-end components, and antenna switching on TDD may affect FDD transmission and/or reception.  Consequently, the LTE specifications were clarified to say that the UE is not expected to transmit SRS or SRS+PUSCH on different antenna ports simultaneously for a group of cells that are signalled to be switched together [4].  
During RAN1 email reflector discussions related to [2], various proposals were made, including:
Proposal: Strive for a CR to resolve the impact to UL transmission for bands reported by txSwitchWithAnotherBand as described in R1-2302268.
Proposed conclusion: UE follows requirements specified in 38.101/133 for DL receiving on bands reported by txSwitchImpactToRx as described in R1-2302268.
While the proposed conclusion was modified slightly and agreed to what is shown below, the proposal for a CR was left for further discussion.  Therefore, the open question is if a CR is needed for UL transmission. 
Conclusion: UE follows requirements specified in 38.101/133 for DL receiving on bands reported by txSwitchImpactToRx as described in R1-2302268.

[bookmark: _Toc142489218]A conclusion was reached for email discussion [112bis-e-AI7.1-16] regarding downlink reception aspects for FDD+TDD combinations using SRS antenna switching, so only uplink transmission is to be further discussed.
While changes were made to support UL transmission for LTE for this issue, the need is not so clear for NR.  Looking at 38.133 (e.g. from 8.2.1.2.18 copied below), the behavior seems clear to us: uplink interruptions are allowed according to txSwitchWithAnotherBand.  The amount of allowed interruption is provided according to the number of SRS symbols and whether cells are synchronous or asynchronous, and the network can accordingly determine where and how long the interruptions can be. 
	An UL interruption is allowed on any of the serving cells as indicated in txSwitchWithAnotherBand, and a DL interruption is allowed on any of the serving cells as indicated in txSwitchImpactToRx.
The UE shall perform SRS antenna port switching only if the below conditions are met. 
[bookmark: _Hlk103787926]-	 the SRS switching is not colliding with any other UL transmission with higher priority defined in TS 38.214 [26] if the serving cell on which the higher priority transmission is performed is a victim cell based on txSwitchWithAnotherBand or is the same carrier on which SRS is transmitted.
-	the SRS switching is not colliding with any NR measurements (i.e. SSB/CSI-RS based L1/L3 measurements) and the measurements for RLM/BFD/CBD if the serving cell on which the NR measurements and the measurements for RLM/BFD/CBD is performed is a victim cell based on txSwitchImpactToRx or is the same carrier on which SRS is transmitted. 
No requirements are defined for SRS antenna port switching if aperiodic SRS switching is colliding with aperiodic L1-RSRP/L1-SINR measurements and the serving cell on which the aperiodic L1-RSRP/L1-SINR measurement is configured is indicated in txSwitchImpactToRx or is the same carrier on which aperiodic SRS is scheduled/configured.
No requirements apply when SRS antenna port switching is colliding with E-UTRA measurement if the carrier on which the E-UTRA measurement is performed is indicated in txSwitchImpactToRx or is the same carrier on which SRS is scheduled/configured.When 1 SRS symbol is configured in a slot for SRS antenna switching and the aggressor and victim cells are synchronized, the interruption requirement in Table 8.2.1.2.18-1 applies. 
When 1 SRS symbol is configured in a slot for SRS antenna switching and the aggressor and victim cells are asynchronized, the interruption requirement in Table 8.2.1.2.18-2 applies. For the rest of SRS configurations, the interruption requirement in Table 8.2.1.2.18-3 applies.



The behavior for txSwitchWithAnotherBand is defined somewhat differently in 38.133 for EN-DC, CA, NE-DC, and NR-DC.  Addressing each of these in 38.214 could be complicated, and these kinds of CA, DC, and synchronous/asynchronous related configurations seem better suited to 38.133 than 38.214.

[bookmark: _Toc142489219]Interruptions for FDD+TDD combinations using SRS antenna switching are specified differently for EN-DC, CA, NE-DC, and NR-DC, synchronous vs. asynchronous, etc.  Such considerations are better suited for RAN4 rather than RAN1 specifications.
During the RAN1#112bis-e discussions, it was stated that while 38.133 specifies the interruption length, there’s no clear statement on whether UEs can use different antenna port between those bands, and so the UE behaviour is not clear.  Our understanding is that 38.133 allows an interruption on the victim cell regardless of which antenna port the aggressor or victim is using.  Therefore the spec is clear: interruption is independent of antenna port.

[bookmark: _Toc142489220]38.133 defines the allowed interruptions for FDD+TDD combinations using SRS antenna switching, and these are independent of antenna ports
Specifying behavior similar to that of [4] was also discussed during RAN1#112bis-e.  It was observed that LTE has a one to one relationship between SRS and PUSCH ports, whereas NR has the notion of SRS resources and a loose coupling between SRS and PUSCH DMRS ports.  In particular, there is no fixed relationship of ports across bands in NR, and SRS resources with usage ‘antenna switching’ are separately defined from those with usage ‘codebook’ and ‘noncodebook’.  Therefore, even if interruption were dependent on antenna ports, the relationship of different SRS and PUSCH DMRS ports across bands is not specified.
[bookmark: _Toc142489221]While LTE has a one to one SRS to PUSCH antenna port mapping, NR does not, and port mapping across bands for PUSCH and SRS is UE implementation for NR.
Given the above, it could be complicated to specify SRS antenna switching port constraints taking into account CA/DC behaviors, and these are anyway already captured in 38.133.  New constraints on port mapping would also be needed, since the relationship of different SRS and PUSCH DMRS ports across bands is not specified. Such specifications may not be consistent with 38.133, since interruptions are specified independently of the antenna ports used on victim and aggressor.  Therefore, it seems relying on 38.133 as presently specified is the best course of action.
[bookmark: _Toc142489222]RAN1 concludes that UE follows requirements specified in 38.133 for transmission on bands reported by txSwitchWithAnotherBand
[bookmark: _Toc142489223]Inform RAN4 that the LTE constraints on simultaneous transmission using different ports in different cells are not compatible with NR TDD+FDD SRS antenna switching, and RAN1’s understanding is that 38.133 is sufficient to characterize the impact on FDD Rx for the FDD band in an FDD+TDD combination caused by SRS antenna switching.  
Summary
In this contribution, we have considered LS [1] where RAN4 raised the issue of impact on FDD Rx for the FDD band in an FDD+TDD combination caused by SRS antenna switching.  We reviewed the issues discussed, considered the benefits of potential RAN1 specification changes, and proposed a resolution for the issue.
We made the following observations:
Observation 1	A conclusion was reached for email discussion [112bis-e-AI7.1-16] regarding downlink reception aspects for FDD+TDD combinations using SRS antenna switching, so only uplink transmission is to be further discussed.
Observation 2	Interruptions for FDD+TDD combinations using SRS antenna switching are specified differently for EN-DC, CA, NE-DC, and NR-DC, synchronous vs. asynchronous, etc.  Such considerations are better suited for RAN4 rather than RAN1 specifications.
Observation 3	38.133 defines the allowed interruptions for FDD+TDD combinations using SRS antenna switching, and these are independent of antenna ports
Observation 4	While LTE has a one to one SRS to PUSCH antenna port mapping, NR does not, and port mapping across bands for PUSCH and SRS is UE implementation for NR.
Which lead to the following proposals to resolve the open issues related to uplink transmission:
Proposal 1	RAN1 concludes that UE follows requirements specified in 38.101/133 for transmission on bands reported by txSwitchWithAnotherBand
Proposal 2	Inform RAN4 that the LTE constraints on simultaneous transmission using different ports in different cells are not suitable for NR TDD+FDD using SRS antenna switching, and RAN1’s understanding is that 38.133 is sufficient to characterize the impact on FDD Rx for the FDD band in an FDD+TDD combination caused by SRS antenna switching.
A draft LS to RAN4 capturing the two proposals above is provided in [5]. 
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