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Introduction
In this contribution, we present our view on open issues in SRS antenna port switching interruption requirement listed in [1]. 
Discussion
SRS Antenna Switching Transient Period Performance Degradation
Since RF spec already captures performance degradation during the transient period, no need to repeat it in RRM. At most capturing the agreement in WF is sufficient.
Proposal 1: No need to capture the performance degradation during transient period in RRM specification.
Prioritization of SRS Antenna Switching and L1-RSRP Measurement
In WF[1], there are a few open issues on SRS antenna switching and measurement/reference signal prioritization:
· Prioritization of SRS antenna switching and L1-RSRP/L1-SINR in NR-SA
· Prioritization for CSF and other RS
Note that SRS antenna switching can be periodic and network can schedule SRS antenna switching more often than SRS carrier switching. When SRS antenna switching frequently collides with other reference signals, e.g., TRS or CSI-RS for CSF purpose, UE loses opportunities for long-term channel statistics tracking and reporting CSI to gNB. Therefore, the collisions have a significant impact on the demod performance. SRS antenna switching scheduling should avoid collision to all reference signals, including CSI-IM, except DMRS, and UCI containing CSF report, to prevent demod performance impact.
Proposal 2: Scheduling of SRS antenna switching should avoid collision to all reference signals, including CSI-IM, except DMRS, and UCI containing CSF report. If the collision happens, it is considered as an error case and no UE requirement is imposed.
For periodic L1-RSRP measurement and SRS antenna switching collision, we can refer to the L1-RSRP report and SRS antenna switching collision rule and timeline feasibility.
UE needs to decode the grants and apply the collision resolution across carriers for aperiodic SRS antenna switching collision with aperiodic CSI-RS since they are both grant-based. It’s very complicated to determine the feasible grant decoding and processing timeline to apply the collision resolution across carriers given the carrier timing and SCS differences. Hence network should avoid such aperiodic SRS AS scheduling. If it happens, leaving it up to UE implementation, no requirement is specified.
Proposal 3: Network should avoid scheduling conflict aperiodic SRS antenna switching and L1-RSRP measurement based on aperiodic CSI-RS. When the collisions happen, it’s up to UE implementation for collision resolution.
Network can also avoid scheduling conflicts between periodic SRS antenna switching and L1-RSRP measurement. It is preferred for network to handle and avoid such conflict. However, if RAN4 determined that network side solution is not feasible, we have the following proposal: we can follow L1-RSRP reporting and SRS antenna switching resolution specified in RAN1 spec for collision between periodic SRS antenna switching and periodic L1-RSRP measurement. 
Proposal 4: Network should avoid scheduling conflict periodic SRS antenna switching and L1-RSRP measurement. If the network side solution is not feasible, the following requirement apply: UE can drop periodic SRS antenna switching when it conflicts with L1-RSRP measurement. L1-RSRP measurement requirement still applies.
SRS Antenna Switching Interruption Time
In the previous meeting, the following WF is agreed:
· Components of SRS antenna switching interruption 
· Antenna switching time before and after SRS transmission occasion (2*15us)
· SRS transmission time of X symbols for the following two scenarios
· Scenario 1: when X=1 SRS symbol is configured in a slot for SRS antenna port switching, the configured number of SRS symbols is used as SRS transmission time => Is this a concern if it is defined as symbol level interruption requirement?
· Scenario 2: otherwise, using X=6 SRS symbols in a slot as assumption of SRS transmission time
We first discuss scenario 2. With X=6 SRS symbols assumption and 2*15us antenna switching time before and after SRS transmission occasions, the interruption length span more than half of a slot in most cases when timing differences between carriers are considered. The potential throughput gain by utilizing these leftover symbols is minor and not worthwhile for the additional scheduling and slot configuration complexity to enable transmission/reception on these uninterrupted symbols in an interrupted slot even if such scheduling and dynamic configuration is feasible. Therefore, we propose to specify the interruption requirement for scenario 2 in slot unit.
Proposal 5: Specify the interruption requirement for scenario 2 (X=6 SRS symbols) in slot unit.
Even for scenario 1, the feasibility of  base station scheduling grants and configuring slots according to the interruption time in symbol level is questionable. gNB needs to dynamically configure flexible/special or mini slots in victim carriers to align to the aggressor SRS antenna switching according to SCS combinations and carrier timing difference to utlize the uninterrupted symbols for communications. This very complicated dynamic allocation scheme incurs a significant processing and complexity burden on gNB with only a few symbols gain. We consider this as not practical for gNB implementation. Moreover, the interrupted carriers’ timing difference should be within 1 symbol for asynchronized carriers to allow the base station to schedule traffic according to the symbol unit interruption time. However, MRTD and MTTD are larger than the symbol length of 60kHz SCS and close to 30kHz SCS. Therefore, the number of symbols being interrupted depends on the alignment across carriers. Based on the above explanation, we can conclude that gNB resource allocation scheme can only leverage the slot unit interruption time. Therefore we propose to specify the slot unit interruption time for scenario 1.
Observation 1: Utilizing the uninterrupted symbols in an interrupted slot even in scenario 1 (X=1 SRS symbol is configured) is not an ideal implementation in practice for general SRS antenna switching cases
Proposal 6: Specify the interruption requirement for scenario 1 (X=1 SRS symbol is configured) if gNB can not utilize the uninterrupted symbols in an interrupted slot for communication.
In RAN4#100e, RAN4 decided to prioritize defining interruption requirement based on asynchronized carriers but still leave the applicability to synchronized carriers case open. The proponents of separated requirements argued that SRS antenna switching causes less interruption on synchronized carriers. However, when SRS transmission is on the last symbol in a slot, the 15us transient period still interrupts the following slot even when the carriers are synchronized. Moreover, the 15us transient period before SRS transmission can interrupt the symbol before SRS transmission even in synchronized cases. Therefore, we have the same interruption on synchronized and asynchronized carriers due to the transient period before and after SRS transmission. Moreover, interruption to carriers running DL is following asynchronized case due to TA applied in SRS transmission since it’s UL. Based on above explanation, we don’t see any benefit of specifying the interruption requirement for synchronized and asynchronized carriers separately.
Proposal 7: Interruption requirement is the same for synchronized and asynchronized carriers.
With 15us transient period before and after the first and last SRS resources, we list the total interruption time for SRS antenna switching in the following table for different SCSs for scenario 2:
	 Scenario 2
	Aggresor SCS (kHz)

	 
	15
	30
	60

	Symbol Duration
	66.67
	33.335
	16.6675

	CP
	4.69
	2.345
	1.1725

	Total Symbol Length
	71.36
	35.68
	17.84

	transient time
	30
	30
	30

	total time
	458.16
	244.08
	137.04


Table 2‑1 Total SRS time with up to 4 antenna switch resources configured
Following the derivation of SRS carrier switching interruption, which is specified in the unit of slot, under the assumption of asynchronized carriers, the interruption length can be derived as
	Scenario 2
	Interruption Length (slots)

	Victim SCS (kHz)
	15
	30
	60

	15
	2
	2
	2

	30
	2
	2
	2

	60
	3
	2
	2

	120
	5
	3
	3


Table 2‑2 SRS antenna switch interruption
In EN-DC, interruption on LTE carrier is the same as victim SCS = 15kHz case in NR SA.
Proposal 8: SRS antenna switching interruption for scenario 2 is specified as Table 2-2 for NR SA. In EN-DC, interruption on LTE carrier is the same as victim SCS = 15kHz case in NR SA.
For scenario 1, when specifying the interruption in the slot unit, the interruption length is 2 slots for all aggressor/victim SCS combinations. When specifying the interruption in the symbol unit, the following table captures the interruption lengths.
	Scenario 1
	Interruption Length (symbols)

	Victim SCS (kHz)
	15
	30
	60

	15
	3
	2
	2

	30
	5
	3
	3

	60
	8
	5
	4

	120
	14
	9
	7


Table 2‑3 Scenario 1 interruption in symbols
Proposal 9: SRS antenna switching interruption for scenario 1 is 2 slots for all aggressor/victim SCS combinations. 
Conclusion
Proposal 1: No need to capture the performance degradation during transient period in RRM specification.
Proposal 2: Scheduling of SRS antenna switching should avoid collision to all reference signals, including CSI-IM, except DMRS, and UCI containing CSF report. If the collision happens, it is considered as an error case and no UE requirement is imposed.
Proposal 3: Network should avoid scheduling conflict aperiodic SRS antenna switching and L1-RSRP measurement based on aperiodic CSI-RS. When the collisions happen, it’s up to UE implementation for collision resolution.
Proposal 4: Network should avoid scheduling conflict periodic SRS antenna switching and L1-RSRP measurement. If the network side solution is not feasible, the following requirement apply: UE can drop periodic SRS antenna switching when it conflicts with L1-RSRP measurement. L1-RSRP measurement requirement still applies.
Proposal 5: Specify the interruption requirement for scenario 2 (X=6 SRS symbols) in slot unit.
Observation 1: Utilizing the uninterrupted symbols in an interrupted slot even in scenario 1 (X=1 SRS symbol is configured) is not an ideal implementation in practice for general SRS antenna switching cases
Proposal 6: Specify the interruption requirement for scenario 1 (X=1 SRS symbol is configured) if gNB can not utilize the uninterrupted symbols in an interrupted slot for communication.
Proposal 7: Interruption requirement is the same for synchronized and asynchronized carriers.
Proposal 8: SRS antenna switching interruption for scenario 2 is specified as Table 2-2 for NR SA. In EN-DC, interruption on LTE carrier is the same as victim SCS = 15kHz case in NR SA.
	Scenario 2
	Interruption Length (slots)

	Victim SCS (kHz)
	15
	30
	60

	15
	2
	2
	2

	30
	2
	2
	2

	60
	3
	2
	2

	120
	5
	3
	3


Table 2‑2 SRS antenna switch interruption
Proposal 9: SRS antenna switching interruption for scenario 1 is 2 slots for all aggressor/victim SCS combinations. 
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