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1 Introduction
In the RAN4#98-bis-e meeting, the WF on RRM enhancement for SRS antenna port switching was agreed [1]. In this paper, we provide our further discussion on the RRM requirements for SRS antenna port switching.
2 Discussion
Interruption requirement applicability
	· Issue 1-2-1: Interruption requirement applicability
· Agreement: The interruption requirement should be defined based on the band combination capability reported by UE, i.e., txSwitchImpactToRx or txSwitchWithAnotherBand.
FFS: SRS antenna switching interruptions on both DL and UL applies to the band combinations signaled in txSwitchImpactToRx or txSwitchWithAnotherBand.
· Issue 1-2-2: whether same interruption requirement applies to different SRS antenna port
· FFS:
Option 1 (CATT, Apple, OPPO, vivo, Huawei, Xiaomi, QC, Intel, MTK): use same set of requirements for different SRS antenna switch patterns
Option 2 (LGE): The interruption could be different according to ‘resourceType’.


As specified in RAN2 spec, UE signals its capability on SRS antenna switching, i.e. txSwitchImpactToRx and txSwitchWithAnotherBand, to inform network the information about which band would be impacted by SRS antenna switching. The signalling txSwitchWithAnotherBand provides information about whether the UL band switch together with other UL band(s), which means the UE uplink transmission would be interrupted by other switching UL band(s). The signalling txSwitchImpactToRx provides information about whether the DL band is impacted by other switching UL band(s), which means the UE downlink transmission would be interrupted by other switching UL band(s). Naturally, when SRS antenna port switching occurs, as long as the switching UL band is contained in IE txSwitchImpactToRx or IE txSwitchWithAnotherBand UE reported, the corresponding UL band(s) or DL band(s) would be interrupted at the same time. In this way, we think the FFS part has already implied by the current agreement, thus there may be no need to further clarify.
Proposal 1: The interruption requirement should be defined based on the band combination capability reported by UE, i.e., txSwitchImpactToRx or txSwitchWithAnotherBand. The FFS part could be removed.
For issue 1-2-2, in last meeting, company proposed that the interruption would be different according to ‘resourceType’, e.g. aperiodic, periodic, or semi-persistence (Option 2). In our view, the interruption caused by the SRS resource with different ‘resourceType’ are theoretically the same, comprising of antenna switching time and SRS switching time. In our understanding, the interruption should not be differentiated with different SRS ‘resourceType’.
The issue here is mainly about the SRS resource might being configured in same slot or different slots. In our view, RAN4 should consider the interruption based on the slot of aggressive CC where the switching SRS resource(s) occur. For the inter-slot SRS resource(s) case, multiple independent interruptions caused by corresponding multiple slots could be defined respectively.
Proposal 2: RAN4 to use same set of requirements for different SRS antenna switch patterns, as well as the SRS resource with different ‘resourceType’.
	· Issue 1-2-4: Would the interruption requirement differentiate between sync and async cases?
· FFS:
Option 1 (MTK, Apple, Intel, vivo, OPPO, Xiaomi, QC): No; one single requirement to cover the synchronous and asynchronous scenarios with or without UL TA.
Option 1a (Apple, Xiaomi, QC): No, interruption requirement is based on the async case for the minimum requirement.
Option 2 (CATT, Ericsson, LG, Nokia, NEC): Yes, the interruption requirement can differentiate between sync and async cases.
· Issue 1-2-5: Interruption requirement for UE with or without per-FR MG capability
· FFS:
Option 1 (MTK, CATT, HW, vivo, Ericsson, Intel, QC): Interruption requirement of SRS antenna port switching will not depend on for per-UE or per-FR gap capability.
Option 2 (Apple, OPPO, Xiaomi): No need to differentiate the requirement for the UE with or without capability of per-FR gap for SRS antenna port switching in RAN4. But in the interruption requirement applicability condition, RAN4 shall clarify that the indication of txSwitchImpactToRx or txSwitchWithAnotherBand is not allowed to indicate any band combination cross FR1 and FR2 if UE is capable of per-FR MG.
Option 4 (Ericsson, Nokia, NEC): Potential impact of UE capability for per-FR gap on interruption requirements can be further studied once the other aspects influencing the interruption time have been settled.


For issue 1-2-4, whether to define separate requirements for sync case and async case, we prefer to define unified interruption requirements. As the SRS symbols always transmit in the last 6 symbols of a slot, the switching back time would occur on the adjacent slot. Then, even for synchronized case, the interruption to the victim CC would involve the next slot. Furthermore, considering the 1 more slot introduced by TA, interruption for synchronized case is the same as asynchronized case.
Proposal 3: RAN4 to define unified interruption requirements for synchronous and asynchronous cases.
As UE would clearly reported the band(s) which would cause interruption, we think the interruption requirement of SRS antenna port switching will not depend on for per-UE or per-FR gap capability. For UE capable of per-FR gap, it would configured with two independent RF chain. Then, the FR1 and FR2 band would not impacted each other. The case that UE report band combination cross FR1 and FR2 is not typical. Therefore, the addition limitation could not be necessary. 
Proposal 4: Interruption requirement of SRS antenna port switching will not depend on for per-UE or per-FR gap capability. No additional limitation needed.
Interruption requirement designs
	· Issue 1-3-1: The interruption requirement is defined based on slot level or symbol level
· FFS:
· Option 1 (MTK, Xiaomi, CATT, Apple, QC, vivo, OPPO, Huawei, Intel): based on slot level
· Option 2 (CMCC): if the interruption time only includes transient periods before and after SRS transmission, and considering that the transient period specified in FR session is 15us, it is suggested to specify the interruption requirements based on symbol level.
· Option 3 (LGE, Ericsson): The interruption requirement can be defined based on slot level for full uplink symbols within a slot and based on symbol level for flexible symbols within slot.
· Option 4 (NEC, Ericsson, HW, CMCC, Nokia): based on symbol level
· Issue 1-3-2: The components within interruption time of SRS antenna port switching in FR1   
· FFS:
· …
· Issue 1-3-3: if option 1 or option 4 is adopted in issue 1-3-2, details of the interruption time in FR1
· FFS:
· Option 1 (MTK, QC, Apple, LG, OPPO, Huawei, vivo): Interruption time is specified based on 2 transient period (2*15us) and 6 symbol time
· Option 2 (Apple): Interruption time is specified based on 2 transient period (2*10us) and 6 symbol time
· Option 4 (Ericsson, CATT, Nokia, NEC): depends on the conclusions from other issues.
· Issue 1-3-4: If option 2 in issue 1-1-2 is adopted, the components within interruption time of SRS antenna port switching in FR2
· Agreement:
· Based on the conclusion in issue 1-1-2, this issue can be skipped.
· Issue 1-3-5: Interruption requirement proposals 
· FFS: options could be found in section 1.2.3 for issue 1-3-5 of email summary document R4-2105818


For the unit of the interruption time, considering the additional interruption time caused by MRTD and TA, we prefer to define based on slot level. 
Proposal 5: RAN4 to define the interruption requirement based on slot level.
As for the components within interruption time of SRS antenna port switching in FR1, in theory, we think the two IEs txSwitchWithAnotherBand and txSwitchImpactToRx would be considered separately. For bands being indicated in txSwitchImpactToRx, the DL band maybe interrupted by these switching UL band(s) and the interruption time would at least include the SRS antenna port switching time and the SRS transmission time. For bands being indicated in txSwitchWithAnotherBand, the interruption only occurs when the SRS antenna port is switching. In other words, the SRS transmission time would not be counted in. Then, the total interruption time for one slot would be several non-contiguous interruption time for the case of 1T2R, 1T4R and 2T4R. As companies pointed out that the OFDM symbol resource between the non-consecutive interruptions within a slot would not possible be utilized for gNB, we support not to differentiate the interruptions caused by the two IEs.
Proposal 6: RAN4 not to differentiate the interruptions caused by the two IEs.
In this way, the interruption time for SRS antenna port switching comprises at least antenna switching time and SRS transmission time. In RAN1 spec, the SRS source could be transmitted anywhere in the last 6 symbols of a slot. Also, RAN1 define the minimum guard period which is in-between the SRS resources of a set in the same slot. Hence, the SRS resource(s) and guard period in one slot would be included in the last 6 symbols.
In RF session, it was specified that the SRS antenna switching time is 15us for FR1. From our perspective, as RAN4 always consider the worst case, both switching to and switching back time outside the SRS transmission symbols should be counted.
Proposal 7: Antenna switching time for switching to and switching back outside the SRS transmission symbols should be counted in the interruption time.
Proposal 8: The interruption time would be antenna switching to and switching back time (2*15us) and the SRS transmission time of 6 OFDM symbols of the aggressive CC.
3 Conclusion
Proposal 1: The interruption requirement should be defined based on the band combination capability reported by UE, i.e., txSwitchImpactToRx or txSwitchWithAnotherBand. The FFS part could be removed.
Proposal 2: RAN4 to use same set of requirements for different SRS antenna switch patterns, as well as the SRS resource with different ‘resourceType’.
Proposal 3: RAN4 to define unified interruption requirements for synchronous and asynchronous cases.
Proposal 4: Interruption requirement of SRS antenna port switching will not depend on for per-UE or per-FR gap capability. No additional limitation needed.
Proposal 5: RAN4 to define the interruption requirement based on slot level.
Proposal 6: RAN4 not to differentiate the interruptions caused by the two IEs.
Proposal 7: Antenna switching time for switching to and switching back outside the SRS transmission symbols should be counted in the interruption time.
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