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Introduction
In the last RAN4 meeting, WF [1] on SRS antenna port switching was approved. Interruption requirement applicability and design for SRS antenna port switching needs further investigation. In this contribution, we provide our views on the behavior of SRS antenna port switching and interruption requirements.
 
Discussion
UE behavior for SRS antenna port switching 
Before defining interruption requirements, UE behavior for SRS antenna port switching should be clarified. As shown in Figure 1, if two SRS resources are configured in slot n, SRS 1 is transmitted by Ant#1 and SRS 2 is transmitted by Ant#2 using SRS SW of Figure 2. Between SRS 1 and SRS 2, the guard symbol could be assigned due to SRS antenna port switching time from Ant#1 to Ant#2. After SRS 2 transmission which is the last SRS resource, the switching back to Ant#1 could be required for the PUSCH transmission in the slot n+1, and additional time for switching back to Ant#1 could be introduced. If slot n+1 is the DL as shown in Figure 3 and SRS 2 is the last symbol of the slot, Tx path is changed to Rx path by Tx/Rx SW and SRS SW after SRS 2 transmission. The time from Tx path to Rx path is guaranteed by NTA_offset, so no additional time is required. 
· Observation 1: After transmitting the last SRS resource in the slot, the switching back to the main Tx antenna is performed. Additional time for switching back to the main Tx antenna is required.
· Observation 2: In case the SRS resource is configured in the last symbol of the slot and the next slot is downlink, the Tx path will change to Rx path within NTA_offset time, so there is no need to switch back to the main Tx antenna.


Figure 1 Example of SRS antenna port switching (UL + UL slot)



Figure 2 SRS antenna port switching for 1T2R



Figure 3 Example of SRS antenna port switching (UL + DL slot)

Scope of SRS antenna switching requirement
Scheduling restriction requirement
As mentioned above section 2.1, the antenna switching time before and after SRS transmission for SRS antenna port switching is required and the time is 15us. So, one OFDM symbol before and after the SRS antenna port switching should be introduced as scheduling restriction for FR1. However, based on the observation 2, no scheduling restriction after SRS antenna port switching is needed in case the SRS resource is configured in the last symbol of the slot and the next slot is downlink.
· Proposal 1: Introduce scheduling restriction for one OFDM symbol before and after SRS antenna port switching for FR1, and no scheduling restriction after SRS antenna port switching is needed in case of the SRS resource is configured in the last symbol of the slot and the next slot is downlink.

Interruption requirement applicability
Interruption requirement between synchronous and asynchronous
The interruption occurs before and after SRS antenna port switching. The worst case for interruption in synchronous case is that a SRS resource is configured in the last symbol of a slot since an additional slot interruption could occur due to switching back to the main Tx antenna after SRS transmission as shown in Figure 4. Considering the worst case, the number of interruption slots for both synchronous and asynchronous cases could be the same.


Figure 4 Interruption due to Tx antenna switching in synchronous case

However, based on observation 2, if the SRS resource is configured in the last symbol of a slot and the next slot is downlink, no switching back to the main Tx antenna is needed since the Tx path will change to Rx path within NTA_offset. So no additional interruption slot is introduced in the synchronous case.


· Proposal 2: The same interruption length for both synchronous and asynchronous cases could be defined, and the interruption length should be reduced by one slot when the slot after SRS antenna post switching is downlink in synchronous case.
Interruption requirement design
Interruption requirements based on slot or symbol level
In general, the unit of interruption for SRS antenna port switching could be slot-based since it affects the uplink or downlink slots on other serving carriers. However, as shown in Figure 5, if SRS antenna port switching is performed in the flexible slot (slot n) including DL symbols and UL symbols in synchronous case, the interruption will occur only UL symbols and there is no interruption for DL symbol in the slot n. Therefore, slot based interruption could be defined for the slot with DL or UL only symbols in synchronous and asynchronous case, and UL symbols based interruption should be defined for the flexible slot in synchronous case.



Figure 5 Interruption due to SRS antenna port switching for flexible slot in synchronous case

· Proposal 3: Slot based interruption requirement could be used in synchronous and asynchronous case, and only UL symbols based interruption should be defined when SRS antenna port switching is configured in the flexible slot in synchronous case.

The component within interruption time
Based on UE behavior for SRS antenna port switching in section 2.1, the interruption time could be the time from the first SRS transmission to the last SRS transmission, antenna port switching time before the first SRS transmission, and the time to switch back after the last SRS transmission. However, the time to switch back after the last SRS transmission should be excluded when the SRS resource is configured in the last symbol of a slot and the next slot is downlink based on observation 2.
· Proposal 4: The interruption time is 
· Antenna port switching time (15usec) before the first SRS transmission 
· Time from the first SRS transmission to the last SRS transmission
· Antenna port switching back time (15usec) after the last SRS transmission
· It should be excluded when the SRS resource is configured in the last symbol of a slot and the next slot is downlink

Interruption requirements
Based on above Observations and Proposals, proposed interruption requirements for FR1 are as following Table 1.

[bookmark: _Ref67929723]Table 1 Proposed interruption requirements
	Victim cell SCS [kHz]
	Interruption length [slot]

	
	Aggressor cell SCS [kHz]

	
	15
	30
	60

	15
	2
	2
	2

	30
	2
	2
	2

	60
	3
	2
	2

	Note 1: The interruption length should be reduced by one slot when the slot after SRS antenna post switching is downlink in synchronous case.
Note 2: If SRS antenna port switching is configured in the flexible slot in synchronous case, the interruption applies to only uplink symbols in that slot.



· Proposal 5: Interruption requirements for SRS antenna port switching are shown in Table 1.

Conclusion 
In this contribution, we provide our views on interruption requirements for SRS antenna switching, and we observe 
· Observation 1: After transmitting the last SRS resource in the slot, the switching back to the main Tx antenna is performed. Additional time for switching back to the main Tx antenna is required.
· Observation 2: In case the SRS resource is configured in the last symbol of the slot and the next slot is downlink, the Tx path will change to Rx path within NTA_offset time, so there is no need to switch back to the main Tx antenna.

Based on observations, we propose
· Proposal 1: Introduce scheduling restriction for one OFDM symbol before and after SRS antenna port switching for FR1, and no scheduling restriction after SRS antenna port switching is needed in case of the SRS resource is configured in the last symbol of the slot and the next slot is downlink.
· Proposal 2: The same interruption length for both synchronous and asynchronous cases could be defined, and the interruption length should be reduced by one slot when the slot after SRS antenna post switching is downlink in synchronous case.
· Proposal 3: Slot based interruption requirement could be used in synchronous and asynchronous case, and only UL symbols based interruption should be defined when SRS antenna port switching is configured in the flexible slot in synchronous case.
· Proposal 4: The interruption time is 
· Antenna port switching time (15usec) before the first SRS transmission 
· Time from the first SRS transmission to the last SRS transmission
· Antenna port switching back time (15usec) after the last SRS transmission
· It should be excluded when the SRS resource is configured in the last symbol of a slot and the next slot is downlink
· Proposal 5: Interruption requirements for SRS antenna port switching are shown in Table 1.
Table 1 Proposed interruption requirements
	Victim cell SCS [kHz]
	Interruption length [slot]

	
	Aggressor cell SCS [kHz]

	
	15
	30
	60

	15
	2
	2
	2

	30
	2
	2
	2

	60
	3
	2
	2

	Note 1: The interruption length should be reduced by one slot when the slot after SRS antenna post switching is downlink in synchronous case.
Note 2: If SRS antenna port switching is configured in the flexible slot in synchronous case, the interruption applies to only uplink symbols in that slot.
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