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Introduction
In the last RAN4 meeting, WF on SRS antenna port switching was approved. General interruption requirements 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
Interruption due to SRS antenna port switching 
Interruption according to resourceType
Based on RAN1 specification, SRS resource configuration for SRS antenna port switching is depending on ‘resourceType’ in SRS-ResourceSet. As shown in Figure 1, if ‘resourceType’ is ‘aperiodic’, two SRS resources are configured in the same slot for 1T2R or 2T4R. For 1T4R, four SRS resources within two SRS-ResoruceSet are configured in two different slots. 


(a)                                                 (b)
[bookmark: _Ref67673341]Figure 1 Example of SRS resource configuration per SRS-ResourceSet for 'aperiodic' resourceType (a) 1T2R (b) 1T4R

The interruption time could be antenna port switching time (guard period) and SRS transmission time when ‘resourceType’ is ‘aperiodic’. In other word, the interruption occurs per SRS-ResourceSet.

If ‘resourceType’ for SRS-ResourceSet is ‘periodic’ or ‘semi-persistent’, each SRS resource could be configured with different SRS-PeriodicityAndOffset, so each SRS resource could be transmitted in different slot according to Offset value as shown in Figure 2. And there is no restriction of non-contiguous slot configuration for SRS resource.


[bookmark: _Ref67673756]Figure 2 Example of SRS resource configuration per SRS-ResourceSet for 'periodicity' resourceType for 1T2R

The interruption time could be antenna port switching time when ‘resourceType’ is ‘periodic’ or ‘semi-persistent’. In other word, the interruption occurs per SRS resource.
· Observation 1: The interruption could be different according to ‘resourceType’; 
· The interruption occurs per SRS-ResourceSet for ‘aperiodic’
· The interruption occurs per SRS resource for ‘periodic’ or ‘semi-persistent’

Interruption according to antenna switching
To define interruption time, RAN4 needs to clarify whether the switching period before and after SRS transmission symbol have to be taken into consideration. For the switching period, the guard period symbol is defined in RAN1 specification. However, the guard period symbol is configured 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 of the set. So, there is no guard period symbol before first SRS transmission and last SRS transmission for antenna switching. As shown in Figure 3, if it is required for Tx antenna to switch back after SRS transmission, the time to switch back should be considered when defining interruption requirement. Otherwise, only the time to switch before SRS transmission (guard period) can be considered when defining interruption requirement.


[bookmark: _Ref67922414]Figure 3 Example of antenna switching before and after SRS transmission

· Observation 2: The interruption requirement depends on whether Tx antenna is required to switch back after SRS transmission. 

Interruption according to UL-DL configuration
Figure 4 shows interruption of victim cell for UL-DL slot configuration. If UL-DL slot configuration is considered, the time to switch back after SRS transmission does not affect the interruption of victim cell at slot n+1 since the time to Tx-Rx switching between UL and DL slot is guaranteed. However, in case of UL-UL slot configuration, as mentioned above Observation 2, if Tx antenna is required to switch back after SRS transmission, the interruption at slot n and n+1 for victim cell occurs due to the time to switch back in synchronous case considering MTTD. If Tx antenna is not required to switch back after SRS transmission, the interruption would be the same as UL-DL slot configuration.


[bookmark: _Ref67923493]Figure 4 Interruption in case of UL-DL slot in synchronous case



[bookmark: _Ref67924040]Figure 5 Interruption in case of UL-UL slot in synchronous case

· Observation 3: The interruption requirement could depend on UL-DL or UL-DL slot configuration.

For flexible symbols within a slot as shown in Figure 6, the interruption of victim cell occurs in the uplink symbols at slot n. So, if SRS resource for antenna switching is configured in flexible symbols within a slot, symbol level interruption should be defined to avoid unnecessary interruption for DL symbol.



[bookmark: _Ref67924843]Figure 6 Interruption in case of flexible symbols within a slot

· Observation 4: The interruption occurs in the uplink symbols in case of flexible symbols within a slot.

Scope of SRS antenna port switching requirement
Delay requirement
For delay requirement due to SRS antenna port switching, three options were listed in the last meeting.
	· RRM delay requirement for SRS antenna port switching is FFS
· Option 1: Do not define SRS antenna port switching delay requirement in RRM.
· Option 2: Define SRS antenna port switching delay requirement same as RF retuning time.
· Option 3: Define SRS antenna port switching delay requirement. FFS for the value. At least RF retuning time shall be included.



RAN4 RF specification has already defined SRS time mask and RAN1 specification also has defined guard symbol for SRS antenna port switching. So the delay requirement for SRS antenna port switching is not required in RAN4 RRM specification.
· Proposal 1: Do not define SRS antenna port switching delay requirement in RRM as option 1. 

Interruption requirement design
Interruption based on slot or symbol level
Based on Observation 3 and 4, in case of full uplink symbols within a slot, slot level interruption could be considered, and symbol level interruption could be considered for flexible symbols within a slot. 
· Proposal 2: 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 with in slot.

The components within interruption time for FR1
Based on Observation 1, depending on ‘resourceType’, the interruption time is antenna switching before SRS transmission and SRS transmission time for ‘aperiodic’, and the interruption time is antenna switching before SRS transmission for ‘periodic’ or ‘semi-persistent’. Additionally, the time to switch back after SRS transmission can be added based on Observation 2.
· Proposal 3: The components within interruption time is 
· Time to antenna switching before SRS transmission and SRS transmission time for ‘aperiodic’ SRS-ResourceSet
· Time to antenna switching before SRS transmission for ‘periodic’ or ‘semi-persistent’ SRS-ResourceSet
· Additionally, the time to switch back after SRS transmission depending on UE behavior

Interruption requirements
Based on above Observations and Proposals, proposed interruption requirements for FR1 are as following Table 1 and Table 2, and the time to switching back after SRS transmission is considered.

[bookmark: _Ref67929723]Table 1 Proposed interruption requirements per SRS-ResourceSet ('aperiodic')
	Victim cell SCS [kHz]
	Interruption length [slot]

	
	Aggressor cell SCS [kHz]

	
	15
	30
	60

	
	Case 1
	Case 2
	Case 1
	Case 2
	Case 1
	Case 2

	15
	2
	1
	2
	1
	2
	1

	30
	2
	1
	2
	1
	2
	1

	60
	3
	2
	2
	1
	2
	1

	Case 1: UL-UL slot configuration for synchronous case, and UL-UL or UL-DL slot configuration for asynchronous case  
Case 2: UL-DL slot configuration for synchronous case
Note 1: If SRS resource is configured in flexible symbols within a slot in synchronous case, the interruption requirements apply to uplink symbols.



[bookmark: _Ref67929725]Table 2 Proposed interruption requirements per SRS resource (‘periodic’ or ‘semi-persistent’)
	Victim cell SCS [kHz]
	Interruption length [slot]

	
	Aggressor cell SCS [kHz]

	
	15
	30
	60

	
	Case 1
	Case 2
	Case 1
	Case 2
	Case 1
	Case 2

	15
	2
	1
	2
	1
	2
	1

	30
	2
	1
	2
	1
	2
	1

	60
	2
	1
	2
	1
	2
	1

	Case 1: UL-UL slot configuration for synchronous and asynchronous cases 
Case 2: UL-DL slot configuration for and asynchronous cases
Note 1: If SRS resource is configured in flexible symbols within a slot in synchronous case, the interruption requirements apply to uplink symbols.



· Proposal 4: Interruption requirements for SRS antenna port switching are shown in Table 1 and Table 2.

Conclusion 
In this contribution, we provide our views on interruption requirements for SRS antenna switching, and we observe 
· Observation 1: The interruption could be different according to ‘resourceType’; 
· The interruption occurs per SRS-ResourceSet for ‘aperiodic’
· The interruption occurs per SRS resource for ‘periodic’ or ‘semi-persistent’
· Observation 2: The interruption requirement depends on whether Tx antenna is required to switch back after SRS transmission. 
· Observation 3: The interruption requirement could depend on UL-DL or UL-DL slot configuration.
· Observation 4: The interruption occurs in the uplink symbols in case of flexible symbols within a slot.

Based on observations, we propose
· Proposal 1: Do not define SRS antenna port switching delay requirement in RRM as option 1. 
· Proposal 2: 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 with in slot.
· Proposal 3: The components within interruption time is 
· Time to antenna switching before SRS transmission and SRS transmission time for ‘aperiodic’ SRS-ResourceSet
· Time to antenna switching before SRS transmission for ‘periodic’ or ‘semi-persistent’ SRS-ResourceSet
· Additionally, the time to switch back after SRS transmission depending on UE behavior
· Proposal 4: Interruption requirements for SRS antenna port switching are shown in Table 1 and Table 2.
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