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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 need further investigation. In this contribution, we provide our views on the behavior of SRS antenna port switching and interruption requirements.
 
Discussion
Scope of SRS antenna switching requirement
Whether scheduling restriction requirement would be defined in RRM for SRS antenna port switching
The agreements of the last meeting are as below.
	· Do not define the scheduling restriction on symbols before and after SRS transmission for the cell with SRS antenna port switching and on SRS transmit symbols in Rel-17
· Performance degradation on these symbols can be expected
· FFS whether and how to capture this in TS 38.133


Since RAN4 agreed that the performance degradation on the symbols before and after SRS transmission for the cell with SRS antenna port switching and on SRS transmit symbols, some notes are required to indicate the performance degradation in the specification. In TS38.133, a ‘Note’ is specified for cases where certain requirements affect the demodulation performance such as MRTD for intra-band NCCA and sync condition for FR1 DAPS handover regardless of demodulation performance requirements. So, the description of performance degradation due to SRS antenna port switching should be captured in the specification as below:
· For the symbols before and after SRS transmission for the cell with SRS antenna port switching and on SRS transmit symbols, demodulation performance can be expected.
· Proposal 1: Capture the following description of performance degradation due to SRS antenna port switching in the TS38.133:
· For the symbols before and after SRS transmission for the cell with SRS antenna port switching and on SRS transmit symbols, demodulation performance can be expected.

RAN4 requirement scope with different SRS resource configuration
For the scope of requirements for SRS antenna port switching, three options are on the table
	· Option 1 
· 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 
· 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 
· RAN4 to define a generic requirement regardless of SRS resource configuration.
· Option 3a: define interruption requirements for a limited set of SRS configurations.


The interruption occurs in the slots or symbols corresponding to the symbols where SRS antenna switching is performed. For example, in an asynchronous case, slot based interruption should be considered since it is not possible to predict where SRS antenna switching is performed. So, the generic requirement can be defined regardless of SRS resource configuration. 

· Proposal 2: RAN4 to define a generic requirement regardless of SRS resource configuration as Option 3.

Interruption requirement applicability
Would the interruption requirement differentiate between sync and async cases?
In the last meeting, the following agreements were derived.
	· RAN4 to specify interruption requirement design for async case first
· FFS on whether and how to specify interruption requirement design for sync case



The interruption requirements for asynchronous case
In FR1, MTTD/MRTD for asynchronous EN-DC, NE-DC, and NR-DC is 500, 250, and 125usec for 15, 30, and 60 kHz SCS respectively. The components within interruption time are SRS transmission time (6 symbols) and antenna switching time before and after SRS transmission (30us), and slot length and interruption time are in the below table. Simply, the interruption length can be derived by  in asynchronous case.
. As shown in the below table, the slot length of all SCS in FR1 is longer than the interruption time of all SCS except for the case slot length 60kHz SCS and slot length 15kHz SCS. 
	
	SCS [kHz]

	
	15
	30
	60

	Slot length [us]
	1000
	500
	250

	Interruption time
 (6 symbols +transient period) [us]
	458.6
	244.3
	137.1



So, in an asynchronous case, the interruption slot length can be defined by Table 1.
Table 1 Interruption length in asynchronous case
	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



· Proposal 3: Interruption length due to SRS antenna switching is defined by Table 1 in an asynchronous case.

The interruption requirements for synchronous case
In synchronous case, to exclude unnecessary interruption due to SRS antenna switching, the below two cases depending on slot configuration should be considered. 
Case 1) Full UL or DL symbols based slot
[bookmark: _GoBack]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. After SRS 2 transmission which is configured in the last symbol, 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, the Tx path is changed to the Rx path by Tx/Rx SW and SRS SW after SRS 2 transmission. The time from the Tx path to the Rx path is guaranteed by NTA_offset, so no additional time is required. 
· Observation 1: 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 (Tx/Rx SW and SRS SW) 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)

Therefore, the worst case for the interruption in the 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 UL+UL slot configuration in synchronous could be the same as the asynchronous case as Table 1.


Figure 4 Interruption due to Tx antenna switching in synchronous case (UL+UL slot)

· Proposal 4: The same interruption length for the asynchronous case could be defined if the slot after SRS antenna port switching is the uplink slot in the synchronous case (UL+UL slot configuration).

However, based on observation 1, 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 all the Tx paths will change to Rx path within NTA_offset as shown in Fig5. So no additional interruption slot is introduced in the synchronous case.


Figure 5 Interruption in the synchronous case

· Proposal 5: If the slot after SRS antenna port switching is the downlink slot (UL+DL slot configuration) in the synchronous case, the interruption length can be defined by Table 2.
· Table 2 Interruption length for UL+DL slot configuration in the synchronous case 
	Victim cell SCS [kHz]
	Interruption length [slot]

	
	Aggressor cell SCS [kHz]

	
	15
	30
	60

	15
	1
	1
	1

	30
	1
	1
	1

	60
	2
	1
	1



Case 2) Flexible slot
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 6, 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, SRS antenna port switching is configured in the flexible slot in the synchronous case, the interruption requirements should apply to UL symbols.



Figure 6 Interruption due to SRS antenna port switching for the flexible slot in the synchronous case

· Proposal 6: If SRS antenna port switching is configured in the flexible slot in the synchronous case, the interruption should apply to only uplink symbols in the interrupted slot.

Conclusion 
In this contribution, we provide our views on interruption requirements for SRS antenna switching, and we propose 
· Proposal 1: Capture the following description of performance degradation due to SRS antenna port switching in the TS38.133:
· For the symbols before and after SRS transmission for the cell with SRS antenna port switching and on SRS transmit symbols, demodulation performance can be expected.
· Proposal 2: RAN4 to define a generic requirement regardless of SRS resource configuration as Option 3.
· Proposal 3: Interruption length due to SRS antenna switching is defined by Table 1 in asynchronous case.
· Table 1 Interruption length in asynchronous case
	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



· Proposal 4: The same interruption length for the asynchronous case could be defined if the slot after SRS antenna port switching is the uplink slot in the synchronous case (UL+UL slot configuration).
· Proposal 5: If the slot after SRS antenna port switching is the downlink slot (UL+DL slot configuration) in the synchronous case, the interruption length can be defined by Table 2.
· Table 2 Interruption length for UL+DL slot configuration in the synchronous case 
	Victim cell SCS [kHz]
	Interruption length [slot]

	
	Aggressor cell SCS [kHz]

	
	15
	30
	60

	15
	1
	1
	1

	30
	1
	1
	1

	60
	2
	1
	1



· Proposal 6: If SRS antenna port switching is configured in the flexible slot in the synchronous case, the interruption should apply to only uplink symbols in the interrupted slot.

Reference
[1] R4-2115336, “WF on further RRM enhancement for NR and MR-DC - SRS antenna port switching,” Apple.
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