[bookmark: Title][bookmark: DocumentFor][bookmark: _GoBack]3GPP TSG-RAN WG4 Meeting # 99e	R4-2110343
Electronic Meeting, May. 19-27, 2021


Agenda item:	9.9.2.1
Source: 	Huawei, HiSilicon
Title: 	Discussion on requirements for SRS antenna switching
Document for:	Discussion
1. Introduction
In last RAN4#98-bis-e meeting, the SRS antenna switching requirements were discussed with the agreements captured in the WF [1]. In this paper, we further provide our views on the remaining issues.
2. Discussion
2.1 scheduling restriction before and after SRS transmission
In the last RAN4 meeting, whether to have delay requirements for SRS antenna switching was discussed with following agreements:
	· Issue 1-1-1: whether delay requirement would be defined in RRM for SRS antenna port switching
· Agreements:
· Do not define SRS antenna port switching delay requirement in RRM
· FFS whether and how to define the scheduling restriction before and after SRS transmission for the cell with SRS antenna port switching
· There are no further scheduling restrictions for SRS symbols in addition to the restrictions defined in RAN1 specifications



The remaining issues is whether to and how to define the scheduling restriction before and after SRS transmission for the cell with SRS antenna port switching. In previous meetings, the discussion about the interruptions caused by port switching is mainly focused on the victim cells. Obviously, the restrictions from the antenna switching shall also apply to the cell with SRS antenna port switching. For instance, if the symbol before or after the symbols for SRS antenna port switching is scheduled for PUSCH, switching time is needed between PUSCH and SRS transmission. 
If there is DL symbol following the SRS transmission, the switching time is also needed, but UE could utilize the time gap for TA and TA_offset to perform the SRS transmission. However, for some extreme case when TA is zero and TA_offset is configured as 13 us in FR1, the switching time could not be covered which is 15 us, even considering the CP length with 60 KHz SCS.  
Observation 1: Switching time is needed before and after the SRS transmission on the cell with SRS antenna port switching.
The other basic issue during the last meeting is whether the transient period is equivalent to the switching time. In RF spec TS 38.101-1, the transient period is different when the port is changed or not, which could be 10 us or 15 us. From our understanding, the transient period could not be always equal to the SRS antenna switching time. As we pointed out in the last meeting, RAN4 has answered the question about the time needed for antenna switching in the LS R4-1710048. In the LS reply, the time needed for antenna switching is 15 us. Then it is a more relative value that we should refer to.
	R4-1710048
For sounding different antenna ports, RAN4 has agreed that antenna switching time is 15 usec.



Observation 2: The SRS antenna switching time is 15 us.
Then the scheduling restriction on the switch with SRS antenna switching shall be defined before and after SRS transmission considering the 15 us SRS antenna switching time.
Proposal 1: The scheduling restriction shall be defined before and after SRS transmission considering the 15 us SRS antenna switching time.
2.2 Impact of SRS antenna port switching to other RRM requirements  
The impact of SRS antenna port switching to other RRM requirements were discussed with following options:
	· Issue 1-1-3: Impact of SRS antenna port switching to other RRM requirements  
· FFS
· Option 1 (CATT): No RRM requirement would be impacted by SRS antenna port switching. 
· Option 2 (Apple, OPPO, Ericsson): Regarding the impact of SRS antenna port switching to other RRM requirements, RAN4 would clarify the relaxation or applicability in those RRM requirements whose wanted DL RS or UL RS could be interrupted by SRS antenna port switching, e.g., the delay requirement could be extended if SRS antenna port switching happens during the UE procedure, or the requirement only applies when SRS antenna port switching is not colliding with the reference signal.
· Option 3 (QC, Apple, vivo, Xiaomi, Huawei(without LTE SRS antenna port switching)): 
· No impact to NR measurement requirements relevant to measurements based on SSB/CSI-RS due to NR SRS antenna switching, as NR measurements are always prioritized.
· In EN-DC and NE-DC operation,
· NR SRS antenna switching colliding with E-UTRA measurement
· Interruptions on E-UTRA measurement in the interrupted carrier group are allowed due to NR SRS antenna switching, but NOT allowed due to NR SRS antenna switching for the carriers not in the interrupted carrier group. 
· Additional delay can be expected on E-UTRA measurement in the interrupted carrier group when UE is configured to perform NR SRS antenna switching. 
· NR SRS antenna switching is allowed to be dropped when colliding with E-UTRA measurement in the interrupted carrier group.
· E-UTRA SRS antenna switching colliding with NR measurement: FFS
· Option 4 (NEC): For impact on other RRM requirements due to SRS antenna port switching, RAN4 shall consider SRS carrier switching as the baseline. RAN4 should first discuss and agree on timing misalignment value before discussion of SRS antenna port switch impact on gNB measurements.   
· Option 5(Nokia): Add one note indicating the DL may be affected due to SRS antenna switching if txSwitchImpactToRx is configured.
· Option 6 (Ericsson): Further look into performance impact on timing-based measurements from SRS antenna port switching, and if needed, identify how to mitigate performance degradation (e.g. by avoiding switching during timing-based measurements).
· Option 7 (vivo, Huawei, CATT): Do not consider impact to timing measurements in R17 SRS antenna port switching.
· Option 8 (Nokia, NEC) : TBD after the interruption of SRS antenna port switching is clarified
· Issue 1-1-4: Impact of SRS antenna port switching to positioning related requirements 
· FFS:
· Option 1 The impact of SRS antenna switching on positioning related measurement will not be discussed in this Rel-17 FeRRM
· Option 2 (Ericsson): Discuss the impact of SRS antenna switching on positioning related measurement in this Rel-17 FeRRM.



Firstly, regarding the impact to NR measurement based on SSB/CSI-RS due to NR SRS antenna switching, most companies support to follow the same principles of SRS carrier switching that NR measurement are always prioritized. In EN-DC and NE-DC mode, as defined in the requirements for SRS carrier switching, the corresponding delay could be extended as the coordination between MN and SN may not be tight enough. Then it is also technical reasonable to follow the same principle for EN-DC and NE-DC mode. 
Proposal 2: Follow the same principle in SRS carrier switching that:
No impact to NR measurement requirements relevant to measurements based on SSB/CSI-RS due to NR SRS carrier switching.
Interruptions on E-UTRA measurement in the interrupted carrier group are allowed due to NR SRS antenna switching.
For the timing related requirements, as discussed in the last meeting, there could be timing difference among different port. However the difference is negligible compared with the accuracy of timing requirements. And even without SRS antenna switching, UE could transmit using different port scheduled by NW for each transmission, and the time requirements are not differentiated. 
Proposal 3: No need to consider impact to timing requirements for SRS antenna switching.  
2.3 Interruption requirement applicability
Regarding the interruption requirements applicability, the following issues were discussed in terms of impacted cells, sync and async cases, etc.
	· 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’.
· Issue 1-2-3: Would the interruption requirement based on different SCS?
· Agreement
· Interruption requirement is based on the aggressor CC and victim CC SCS.
· 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.
· 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.



It is agreed that the interruption requirement should be defined based on the band combination capability reported by UE. One FFS issue is whether the interruption apply to both DL/UL indicated by txSwitchImpactToRx and txSwitchWithAnotherBand. According to the descriptions about these two IEs as shown below, NW could tell the DL transmission of which band could be impacted and UL transmission of which band could be impacted within the band combination. Thus, the impacted band/CC is clearly indicated and no need to further define other principles in RAN4.
	-	txSwitchImpactToRx indicates the entry number of the first-listed band with UL (see NOTE) in the band combination that affects this DL, which is mandatory with capability signaling;
-	txSwitchWithAnotherBand indicates the entry number of the first-listed band with UL (see NOTE) in the band combination that switches together with this UL, which is mandatory with capability signaling.



Observation 3: The interruption on DL and UL of impacted band/CC could be indicated by txSwitchImpactToRx and txSwitchWithAnotherBand respectively.
Regarding whether to differentiate the requirements for sync and async case, as explained in the during the last meeting, fundamentally the interruption time is the SRS transmission time and the SRS switching time before and after SRS transmission. Even carriers are perfectly aligned without TA, the switching time will also overlap with symbols before and after SRS transmission. If the requirements are defined based on symbol level, then this is no need to differentiated sync and async case. If the requirements are defined based on slot level, we also fails to see the benefits to allow additional one more slot for the async case.
Proposal 4: One single requirement to cover the synchronous and asynchronous scenarios with or without UL TA.
Regarding the relation between the per-FR gap and the interruption requirements. We also fails to see the necessity to bundle the requirements to per-FR gap capability. For other requirements defined in Rel-15/16, there is no specific indication about the impacted band/CC, then requirements are defined based on whether the per-FR gap is supported or not that under same cases the interruptions are not needed for all serving CCs. However, for the SRS antenna switching, there are already specific and finer indication about the impacted band for DL and UL respectively. We don’t see the reason to bundle this per-FR gap also with SRS antenna switching together as they are two unrelated features. 
Proposal 5: Interruption requirement of SRS antenna port switching will not depend on for per-UE or per-FR gap capability
2.4 Interruption requirement design
First, the components of interruption time shall be decided before considering how to define the requirements either in slot level or symbol level. As also discussed in this paper before, the SRS antenna switching time is 15 us. Thus, the general interruption time should include switching time before SRS transmission and switching time after SRS transmission. During the discussion in the last meeting, some companies proposed to consider transient period and switching time. However, as analyzed above, the 15 us switching time is the more relative definition should be considered. There is no need to consider both switching time and the transient period, and it is also confusing to add these two together. Companies also pointed out that there could be the case the antenna port is not switched compared with the transmission before or after. From our understanding, it is the optimized cases, and the requirements could be extremely completed if we consider all possible cases and define different requirements. Thus, it is proposed to define the interruption time as the switching time + SRS transmission + switching time.
Proposal 6:  The components within interruption time include SRS transmission time and SRS antenna switching time before and after SRS transmission.
Regarding the issue that whether to define interruption requirements in slot level or symbol, it has been discussed for several meetings and the pros and cons are also elaborated by companies. From our understanding, it is technical reasonable to define the requirements based on symbol level. First the SRS switching time is only 15 us which is much shorter than the symbol length of 15 KHz SCS. If the interruption length is rounded into slots, the total length of the interruption could be over long than what is actually needed. And also from NW’s perspective, it is not allowed to utilize the unaffected symbols. But we also agree with the observation that it is hard to define test cases in symbol level requirements, and the requirements could only be tested for UE supporting pdcch-MonitoringAnyOccasions.
Proposal 7
7a: Define interruption requirements on symbol level.
7b: Define interruption requirements on slot level.

3. Conclusions
Observation 1: Switching time is needed before and after the SRS transmission on the cell with SRS antenna port switching.
Observation 2: The SRS antenna switching time is 15 us.
Proposal 1: The scheduling restriction shall be defined before and after SRS transmission considering the 15 us SRS antenna switching time.
Proposal 2: Follow the same principle in SRS carrier switching that:
No impact to NR measurement requirements relevant to measurements based on SSB/CSI-RS due to NR SRS carrier switching.
Interruptions on E-UTRA measurement in the interrupted carrier group are allowed due to NR SRS antenna switching.
Proposal 3: No need to consider impact to timing requirements for SRS antenna switching.  
Observation 3: The interruption on DL and UL of impacted band/CC could be indicated by txSwitchImpactToRx and txSwitchWithAnotherBand respectively.
Proposal 4: One single requirement to cover the synchronous and asynchronous scenarios with or without UL TA.
Proposal 5: Interruption requirement of SRS antenna port switching will not depend on for per-UE or per-FR gap capability
Proposal 6:  The components within interruption time include SRS transmission time and SRS antenna switching time before and after SRS transmission.
Proposal 7
7a: Define interruption requirements on symbol level.
7b: Define interruption requirements on slot level.
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