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Introduction
In RAN4#100-e meeting, the RRM requirements at SRS antenna port switching were discussed and the way forward was agreed in [1]. In this paper we continue the discussion by addressing the open issues.            
Applicable Scenarios
In last meeting, the scope of the requirements was further discussed leaving the following options open. Some companies promoting Option 3 argued a generic requirement can be defined if the interruption length is in slot-level. In our views, there is no reason to extend the interruption to one slot if only 1-2 symbols out of e.g. 14 symbols would be impacted. The scenarios shall be discussed firstly in order to identify the components of the interruption.     
Issue 1-1-2: RAN4 requirement scope with different SRS resource configuration
· FFS
· Option 1 (CATT): 
· Only defining the requirements for the scenario that the SRS resources of a set are transmitted in the same slot with consecutive SRS transmission.
· Option 2 (Nokia, Ericsson): 
· RAN4 shall define the requirements for the following scenarios in Rel17 where
· The SRS resources of a set are transmitted NOT in the same slot, or 
· The SRS resources of a set are transmitted in the same slot with consecutive SRS transmission
· RAN4 do not define the requirements if the SRS resources of a set are transmitted in the same slot with non-consecutive SRS transmission, before the guard period in this scenario gets clarified in RAN1.    
· Option 3 (Apple, Xiaomi, Huawei, QC, vivo, CATT):
· RAN4 to define a generic requirement regardless of SRS resource configuration.
· Option 3a: define interruption requirements for a limited set of SRS configurations.


The principles of switching the SRS transmission over respective antenna ports are specified in 3GPP TS 38.214 section 6.2.1.2 [2]. In particular, a guard period of Y symbols is defined in which the UE does not transmit any other signal. However, the guard period is conditionally defined “in the case the SRS resources of a set are transmitted in the same slot”, and the guard period is “in-between” the SRS resources. For other SRS resource configurations, RAN1 does not teach explicitly if there is any guard period and where the guard period locates.  
In order to identify the impact from guard period, we illustrate the potential scenarios in Fig.1 based on the SRS resource configuration (taking 1T2R as example).   
In Fig.1 (a), the SRS resources of a set are configured in a slot and the UE is expected to perform SRS antenna switching in consecutive manner. This is understood to be the scenario where RAN1 has specified the guard period clearly. That is, the UE transmits SRS on different ports consecutively, and the minimum guard period e.g. one OFDM symbol in FR1, is used for switching the antenna to the other ports. As the UE behavior is clear in RAN1, the RRM requirements shall be defined at least for this case taking into account the guard period in-between the SRS resources. 
Observation #1: RAN4 requirements shall be defined at least for consecutive SRS transmission in Fig.1(a) taking into account the guard period in-between the SRS resources.


(a) The SRS resources of a set are transmitted in the same slot - Consecutive transmission


(b) The SRS resources of a set are transmitted in the same slot – non-Consecutive transmission


(c) The SRS resources of a set are transmitted NOT in the same slot
Figure 1. Respective scenarios of SRS resources of a set at SRS antenna switching
In Fig.1(b), the SRS resources of a set in a slot are configured in non-consecutive manner i.e. being separated by a number of OFDM symbols more than the guard period of Y symbols, e.g. three OFDMs symbols in-between the SRS resources. As RAN1 spec only informs the guard period is “in-between the SRS resources”, companies have different understanding if all the SRS resources or only one symbol in-between is considered as guard period. We understood the SRS antenna switching is being discussed under Rel17 FeMIMO WI in RAN1[3], including the guard symbols as below. We may not be able to define the requirements before the guard period in this scenario gets clarified in RAN1. If there is strong view to study this case in Rel17, we need send LS asking for RAN1 clarification on the guard period.
	Agreement
· On the presence of guard symbols in Rel-17 for SRS antenna switching, down-select one of the following 
· Alt 1-0: Guard symbols are always-on, which is same as Rel-15
· Alt 1-1: Guard symbols are configurable subject to UE capability
· On whether to introduce guard symbols between SRS resource sets for antenna switching, down-select one of the following
· Alt 2-0: Do not introduce guard symbols between SRS resource sets, i.e., guard symbols only appears between SRS resources in a resource set
· Alt 2-1: Introduce guard symbols between two sets mapped to consecutive slots
· Note: Rel-15 guard period symbols are supported if none of the above enhancements is agreed




Observation #2: RAN4 requirements shall be not defined for non-consecutive SRS transmission in Fig.1(b) before the guard period gets clarified in RAN1.
In Fig.1(c), the SRS resources of a set are NOT configured in one slot. According to RAN1, the guard period is not present between the SRS resources in separate slots. The RAN4 requirements can be defined for this case but not considering the guard period in RAN1.
Observation #3: RAN4 requirements can be defined if SRS resources of a resource set are configured in separate slots, but the guard period shall not be considered.
Given the above observations, it is proposed to define the RAN4 requirements starting from the scenarios in Fig.1 (a) and (c) in Rel17. If RAN4 concludes to also define the requirements for scenario in Fig. 1(b), we need to send LS to RAN1 asking for the clarification on the guard period.  
Proposal #1: RAN4 shall define the requirements for the following scenarios in Rel17 where
· The SRS resources of a set are transmitted in the same slot with consecutive SRS transmission, or
· The SRS resources of a set are transmitted in separate slots.
Proposal #2: RAN4 do not define the requirements if the SRS resources of a set are transmitted in the same slot with non-consecutive SRS transmission, before the guard period in this scenario gets clarified in RAN1.  
Impact of SRS antenna switching to RRM requirements
Issue 1-2-1: Impact of SRS antenna port switching to RRM requirements in NR-SA 
· Agreement in 2nd round:
· For NR-SA, UE is not required to perform SRS antenna port switching when SRS resource and the NR measurement, i.e., L3 measurement and RLM/BFD/CBD, are scheduled in the same OFDM symbol.
· FFS when SRS resource and L1-RSRP/L1-SINR measurement are scheduled in the same OFDM symbol.


In last meeting, it was agreed to prioritize L3 measurements and RLM/BFD/CBD measurements over SRS transmission if they are scheduled in the same OFDM symbol. We believe the prioritization shall not be applied to L1-RSRP/L1-SINR measurements as aperiodic SRS is given a higher priority over semi-persistent/periodic L1-RSRP reports, as specified by RAN1 below. Although RAN1 concerns the L1-RSRP/L1-SINR reports instead of measurements, the UE need make sure the aperiodic SRS transmission sometimes hence there is no absolute high priority for L1-RSRP/L1-SINR measurements. Therefore, there is no need to define the priority when SRS resource and L1-RSRP/L1-SINR measurement are scheduled in the same OFDM symbol. It would be sufficient to determine the UE behaviour referring to RAN1 specification.  
[bookmark: _Hlk498636457][bookmark: _Hlk498636712]For PUCCH and SRS on the same carrier, a UE shall not transmit SRS when semi-persistent and periodic SRS are configured in the same symbol(s) with PUCCH carrying only CSI report(s), or only L1-RSRP report(s), or only L1-SINR report(s). A UE shall not transmit SRS when semi-persistent or periodic SRS is configured or aperiodic SRS is triggered to be transmitted in the same symbol(s) with PUCCH carrying HARQ-ACK, link recovery request (as defined in clause 9.2.4 of [6, 38.213]) and/or SR. In the case that SRS is not transmitted due to overlap with PUCCH, only the SRS symbol(s) that overlap with PUCCH symbol(s) are dropped. PUCCH shall not be transmitted when aperiodic SRS is triggered to be transmitted to overlap in the same symbol with PUCCH carrying semi-persistent/periodic CSI report(s) or semi-persistent/periodic L1-RSRP report(s) only, or only L1-SINR report(s). 


Proposal #3: Do not define the priority in RAN4 when SRS resource and L1-RSRP/L1-SINR measurement are scheduled in the same OFDM symbol. 
Interruption requirements
In the following we are discussing how to determine the interruption length in respective scenarios of Fig.1. 
When the SRS resources of a set are configured in a slot with consecutive SRS transmission, as in Fig.2, there is a guard period of Y symbols in-between the SRS resources. As the UE does not transmit any other signals within the guard period as defined by RAN1, the interruption shall include at least the SRS transmission periods and the guard period in-between.  
Observation #4: When the SRS resources of a set are configured in a slot with consecutive SRS transmission, the interruption shall include at least the SRS transmission periods and the guard period in-between.


Figure 2 Uplink interruption when the SRS resources of a set are configured in a slot with consecutive Tx
About the length of SRS transmission time, some companies propose assuming 6 symbols (i.e. the maximum value) as done for SRS carrier-based switching. We understood 6 symbols was assumed because the SRS switching time at carrier-based switching is rather long e.g. up to 900us, which dominates the overall interruption length. However, at SRS antenna switching, it takes less than one symbol e.g. 15us to switch the antenna ports; the use of 6 symbols would significantly extend the interruption degrading the system performance. Hence, the configured number of symbols for SRS resources at SRS switching shall be used instead of 6 symbols to derive the interruption requirements. 
Observation #5: The SRS transmission period includes the configured number of symbols for SRS resources at SRS switching.
There was also proposal to take into account the transient periods before the first SRS transmission and/or after the last SRS transmission in one slot. It is understood the UE still have an ability to meet Tx requirements before and after 15 us due to SRS Tx antennas switching, and it is up to network to decide if to schedule the UE on the symbols before and after the SRS transmission. As it was agreed not to define the scheduling restriction on these symbols, the impact due to transient period should not be counted either when defining the interruption requirements. 
Observation #6: The impact due to transient period should not be considered when defining the interruption requirements at SRS antenna switching. 
Give above observations, when the SRS resources of a set are configured in a slot with consecutive SRS transmission, the interruption includes the SRS transmission periods and the guard period in-between, where the SRS transmission period includes the number of symbols configured for SRS resources at SRS switching.
Proposal #4: When the SRS resources of a set are configured in a slot with consecutive SRS transmission, the interruption includes the SRS transmission periods and the guard period in-between, where the SRS transmission period includes the number of symbols configured for SRS resources at SRS switching.  



Figure 3 Uplink interruption when the SRS resources of a set are not configured in a slot
Similarly, when the SRS resources of a set are not configured in a slot as shown in Fig.3, the interruption shall include the SRS transmission period only with the same reasoning on transient periods above. Therefore, the interruption includes only the SRS transmission period where the SRS transmission period includes the number of symbols configured for SRS resources at SRS switching. 
Proposal #5: When the SRS resources of a set are not configured in a slot, the interruption includes only the SRS transmission period where the SRS transmission period includes the number of symbols configured for SRS resources at SRS switching.
In last meeting, the UE capability of SRS antenna switching was also discussed and gets clarified as below. The common understanding is that separate groups of bands being impacted due to SRS switching are indicated by txSwitchImpactToRx for DL and txSwitchWithAnotherBand for UL. Therefore, the victim cells due to SRS switching shall be defined for UL interruption and DL interruption respectively. For instance, an UL interruption is allowed on any of the serving cells indicated in txSwitchWithAnotherBand, and a downlink interruption is allowed on any of the serving cells indicated by txSwitchImpactToRx.
· According to RAN2 capability definition, txSwitchImpactToRx indicates the SRS antenna port switching impact to DL only, and txSwitchWithAnotherBand indicates the SRS antenna port switching impact to UL only. If any issue is identified, this conclusion could be revisited.


Proposal #6: The victim cells due to SRS switching shall be defined for UL interruption and DL interruption respectively, e.g. an UL interruption is allowed on any of the serving cells indicated in txSwitchWithAnotherBand, and a DL interruption is allowed on any of the serving cells indicated by txSwitchImpactToRx.
Conclusion
This contribution discussed the applicable scenarios of SRS antenna switching and the interruption requirements in respective scenarios. The observations and proposals are summarized as below:   
Observation #1: RAN4 requirements shall be defined at least for consecutive SRS transmission in Fig.1(a) taking into account the guard period in-between the SRS resources.
Observation #2: RAN4 requirements shall be not defined for non-consecutive SRS transmission in Fig.1(b) before the guard period gets clarified in RAN1.
Observation #3: RAN4 requirements can be defined if SRS resources of a resource set are configured in separate slots, but the guard period shall not be considered.
Proposal #1: RAN4 shall define the requirements for the following scenarios in Rel17 where
· The SRS resources of a set are transmitted in the same slot with consecutive SRS transmission, or
· The SRS resources of a set are transmitted in separate slots.
Proposal #2: RAN4 do not define the requirements if the SRS resources of a set are transmitted in the same slot with non-consecutive SRS transmission, before the guard period in this scenario gets clarified in RAN1.  
Proposal #3: Do not define the priority in RAN4 when SRS resource and L1-RSRP/L1-SINR measurement are scheduled in the same OFDM symbol. 
Observation #4: When the SRS resources of a set are configured in a slot with consecutive SRS transmission, the interruption shall include at least the SRS transmission periods and the guard period in-between.
Observation #5: The SRS transmission period includes the configured number of symbols for SRS resources at SRS switching.
Observation #6: The impact due to transient period should not be considered when defining the interruption requirements at SRS antenna switching. 
Proposal #4: When the SRS resources of a set are configured in a slot with consecutive SRS transmission, the interruption includes the SRS transmission periods and the guard period in-between, where the SRS transmission period includes the number of symbols configured for SRS resources at SRS switching.  
Proposal #5: When the SRS resources of a set are not configured in a slot, the interruption includes only the SRS transmission period where the SRS transmission period includes the number of symbols configured for SRS resources at SRS switching.
Proposal #6: The victim cells due to SRS switching shall be defined for UL interruption and DL interruption respectively, e.g. an UL interruption is allowed on any of the serving cells indicated in txSwitchWithAnotherBand, and a DL interruption is allowed on any of the serving cells indicated by txSwitchImpactToRx.
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