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Introduction
In this contribution, we provide our views on the interruption requirements for scenario 1 and 2 based on the WF [1].
 
Discussion
Interruption requirement design for SRS antenna port switching
Antenna switching
In the last RAN4 meeting, the antenna switching time (i.e., the transient period in RF spec.) for interruption requirements was discussed, but there was no consensus to clarify the antenna switching time of Tx-to-Tx and Rx(Tx)-to-Tx(Rx). 
For antenna switching time, 15us has been agreed based on TS38.101-1, and this is only for Tx-to-Tx as shown in Fig. 1. And the transient time between SRS with the same antennas and before the first SRS/after the last SRS is 10us. Therefore, the 15us switching time should be applied only when the symbol before or after the SRS transmission occasion is an uplink symbol with a different Tx antenna.
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Figure 1 FR1 Time mask for 15kHz and 30kHz SCS for the case when consecutive SRS switching usage is between antenna switching & other sets (TS38.101-1)

· Proposal 1: The antenna switching time (15us) should be applied only when the symbol before or after SRS transmission occasion is uplink symbol since the switching time is for Tx-to-Tx, and the transient time for Tx(Rx)-to-Rx(Tx) is 10us.

Impact on antenna switching time depending on inter-band or intra-band DC/CA
According to TS38.211, the transient time for Tx-to-Rx (NTX-RX) and Rx-to-Tx (NRX-TX) is guaranteed when a UE transmits (or receives) the uplink (or downlink) after the end of the last received (or transmitted) downlink (or uplink) symbol as following:
	A UE not capable of full-duplex communication and not supporting simultaneous transmission and reception as defined by parameter simultaneousRxTxInterBandENDC, simultaneousRxTxInterBandCA or simultaneousRxTxSUL [10, TS 38.306] among all cells within a group of cells is not expected to transmit in the uplink in one cell within the group of cells earlier than  after the end of the last received downlink symbol in the same or different cell within the group of cells where  is given by Table 4.3.2-3. 

A UE not capable of full-duplex communication and not supporting simultaneous transmission and reception as defined by parameter simultaneousRxTxInterBandENDC, simultaneousRxTxInterBandCA or simultaneousRxTxSUL [10, TS 38.306] among all cells within a group of cells is not expected to receive in the downlink in one cell within the group of cells earlier than  after the end of the last transmitted uplink symbol in the same or different cell within the group of cells where  is given by Table 4.3.2-3. 
Table 4.3.2-3: Transition time  and 
	Transition time
	FR1
	FR2

	
	25600
	13792

	
	25600
	13792






For intra-band DC/CA in TDD synchronous case, there are no band combinations supporting simultaneous Rx and Tx. Considering Proposal 1 (10us transient time) and NTX-RX or NRX-TX transient time which is 13us for FR1 in RAN1 spec, there is no interruption issue on downlink symbols in the victim cell regardless of MTTD/MRTD, TA, or antenna switching time when the symbol before or after configured SRS resource for antenna port switching is the downlink symbol.
Similar to intra-band DC/CA in TDD synchronous case, if UE does not support simultaneous Rx and TX, there is no interruption issue on downlink symbols in the victim cell regardless of MTTD/MRTD, TA, or antenna switching when the symbol before or after configured SRS resource for antenna port switching is the downlink symbol in inter-band DC/CA TDD synchronous case. 
· Proposal 2: For intra-band DC/CA in TDD synchronous case, there is no interruption issue on downlink symbols in the victim cell regardless of MTTD/MRTD, TA, or antenna switching time when the symbol before or after configured SRS resource for antenna port switching is the downlink symbol since the transient time 13us for Tx-to-Rx (NTX-RX) and Rx-to-Tx (NRX-TX) is guaranteed when a UE transmits (or receives) the uplink (or downlink) after the end of the last received (or transmitted) downlink (or uplink) symbol according to TS38.211.
· Proposal 3: For inter-band DC/CA in TDD synchronous case without the capability of simultaneous Rx and Tx, there is no interruption issue on downlink symbols in the victim cell regardless of MTTD/MRTD, TA, or antenna switching time when the symbol before or after configured SRS resource for antenna port switching is the downlink symbol since the transient time 13us for Tx-to-Rx (NTX-RX) and Rx-to-Tx (NRX-TX) is guaranteed when a UE transmits (or receives) the uplink (or downlink) after the end of the last received (or transmitted) downlink (or uplink) symbol according to TS38.211.

The interruption requirements
RAN4 agreed the principle to define interruption requirements as following:
	· Based on symbol-level for scenario 1 sync case
· Based on slot-level for scenario 1 async case
· Based on slot-level for scenario 2 async case (note: same interruption requirement would be applied for both sync and async case, and this requirement is defined based on async case)
Note: the MTTD/MRTD assumption for sync and async is defined in section 7.5/7.6 of TS38.133



Scenario 1 in synchronous case (symbol level based interruption)
Scenario 1 is the case that only one SRS resource for antenna port switching in a slot is configured. So, the interruption of the victim cell occurs in the symbol switching antenna port as shown in Fig2 (yellow part). Depending on the transmission timing difference (TTD) between the aggressor and victim cell at the UE side, the position of the interrupted symbols is changed. In cases of synchronous inter-band MR-DC/CA, the MTTD is 35.21 or 34.6us, and the timing difference could be positive or negative based on the aggressor cell depending on UE position in the cell. Since this time difference cannot be known at the gNB, the potential interrupted symbols should take into account this time difference.
[image: ]
Figure 2 Example of interruption due to SRS antenna switching in MR-DC synchronous case

1) Inter-band MR-DC/CA synchronous case
The MTTD for inter-band case is 35.21us and 34.6us, so the potential interrupted symbols would occur in the range -35.21us (or 34.6us) to +35.21us (or 34.6us) based on the symbol configured SRS resource, and additionally transient period 30us (15us*2) and one symbol length should be considered. Based on this, the number of interrupted symbols could be defined as Table 1.
Table 1 Interruption for scenario 1 in inter-band MR-DC/CA synchronous case
	Victim cell SCS [kHz]
	Interruption length [symbols]

	
	Aggressor cell SCS [kHz]

	
	15
	30
	60

	15
	3
	3
	2

	30
	6
	5
	4

	60
	11
	9
	8

	120
	21
	17
	15



2) Intra-band MR-DC (EN-DC) synchronous case
In a similar approach to inter-band case, the potential interrupted symbols would occur in the range -5.21us to +5.21us based on the symbol configured SRS resource, and transient period 30us (15*2) and one symbol length should be additionally considered. Based on this, the number of interrupted symbols could be defined as Table 2.
Table 2 Interruption for scenario 1 in intra-band MR-DC (EN-DC) synchronous case
	Victim cell SCS [kHz]
	Interruption length [symbols]

	
	Aggressor cell SCS [kHz]

	
	15
	30
	60

	15
	2
	2
	1

	30
	4
	3
	2

	60
	7
	5
	4

	120
	13
	9
	7



The interruption length in Table1 and Table 2 is under the assumption that the symbol before or after configured SRS resource for antenna port switching is the uplink symbol. So, the following condition based on the Proposal 2 and Proposal 3 should be added in Table 1 and Table 2.
· The downlink symbols are excluded from the defined interruption symbols for intra-band DC/CA and inter-band DC/CA without the capability of simultaneous Rx and Tx.

· Proposal 4: For scenario 1 in the synchronous case, the interruption requirements could be defined in Table 1 and Table 2. 
Table 3 Interruption for scenario 1 in inter-band MR-DC/CA synchronous case
	Victim cell SCS [kHz]
	Interruption length [symbols]

	
	Aggressor cell SCS [kHz]

	
	15
	30
	60

	15
	3
	3
	2

	30
	6
	5
	4

	60
	11
	9
	8

	120
	21
	17
	15

	Note:	The downlink symbols are excluded from the defined interruption symbols if UE does not support simultaneousRxTxInterBandENDC or simultaneousRxTxInterBandCA.



Table 4 Interruption for scenario 1 in intra-band MR-DC (EN-DC) synchronous case
	Victim cell SCS [kHz]
	Interruption length [symbols]

	
	Aggressor cell SCS [kHz]

	
	15
	30
	60

	15
	2
	2
	1

	30
	4
	3
	2

	60
	7
	5
	4

	120
	13
	9
	7

	Note:	The downlink symbols are excluded from the defined interruption symbols.



Scenario 1 in asynchronous case & Scenario 2 in synchronous/asynchronous (slot level)
In general, the interruption requirements due to SRS antenna switching for the scenario 1 in asynchronous are the same as scenario 2 in synchronous/asynchronous since the interruption should be considered in all symbols that a single SRS resource for antenna port switching can be configured with MTTD/MRTD (half slot) and antenna switching time. As has already been provided to the previous meeting, the interruption requirements based on slot level could be defined in Table 3. 
Additionally, as mentioned above in Proposal 2 and Proposal 3, the downlink symbols are excluded from the defined interruption slot for intra-band DC/CA and inter-band DC/CA without the capability of simultaneous Rx and Tx in TDD synchronous case.
Table 3 Interruption for scenario 1 in asynchronous and scenario 2 in synchronous/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

	120
	5
	3
	2

	Note 1:	In inter-band TDD synchronous case, the downlink symbols are excluded from the defined interruption slots if UE does not support simultaneousRxTxInterBandENDC or simultaneousRxTxInterBandCA.
Note 2:	In intra-band TDD synchronous case, the downlink symbols are excluded from the defined interruption slots.



· Proposal 5: For scenario 1 in the asynchronous case and scenario 2 in the synchronous/asynchronous case, the interruption requirements could be defined as Table 3.
Table 3 Interruption for scenario 1 in asynchronous and scenario 2 in synchronous/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

	120
	5
	3
	2

	Note 1:	In inter-band TDD synchronous case, the downlink symbols are excluded from the defined interruption slots if UE does not support simultaneousRxTxInterBandENDC or simultaneousRxTxInterBandCA.
Note 2:	In intra-band TDD synchronous case, the downlink symbols are excluded from the defined interruption slots.



Conclusion 
In this contribution, we provide our views on interruption requirements for SRS antenna switching, and we propose 
· Proposal 1: The antenna switching time (15us) should be applied only when the symbol before or after SRS transmission occasion is uplink symbol since the switching time is for Tx-to-Tx, and the transient time for Tx(Rx)-to-Rx(Tx) is 10us.
· Proposal 2: For intra-band DC/CA in TDD synchronous case, there is no interruption issue on downlink symbols in the victim cell regardless of MTTD/MRTD, TA, or antenna switching time when the symbol before or after configured SRS resource for antenna port switching is the downlink symbol since the transient time 13us for Tx-to-Rx (NTX-RX) and Rx-to-Tx (NRX-TX) is guaranteed when a UE transmits (or receives) the uplink (or downlink) after the end of the last received (or transmitted) downlink (or uplink) symbol according to TS38.211.
· Proposal 3: For inter-band DC/CA in TDD synchronous case without the capability of simultaneous Rx and Tx, there is no interruption issue on downlink symbols in the victim cell regardless of MTTD/MRTD, TA, or antenna switching time when the symbol before or after configured SRS resource for antenna port switching is the downlink symbol since the transient time 13us for Tx-to-Rx (NTX-RX) and Rx-to-Tx (NRX-TX) is guaranteed when a UE transmits (or receives) the uplink (or downlink) after the end of the last received (or transmitted) downlink (or uplink) symbol according to TS38.211.
· Proposal 4: For scenario 1 in the synchronous case, the interruption requirements could be defined in Table 1 and Table 2. 
Table 1 Interruption for scenario 1 in inter-band MR-DC/CA synchronous case
	Victim cell SCS [kHz]
	Interruption length [symbols]

	
	Aggressor cell SCS [kHz]

	
	15
	30
	60

	15
	3
	3
	2

	30
	6
	5
	4

	60
	11
	9
	8

	120
	21
	17
	15

	Note:	The downlink symbols are excluded from the defined interruption symbols if UE does not support simultaneousRxTxInterBandENDC or simultaneousRxTxInterBandCA.



Table 2 Interruption for scenario 1 in intra-band MR-DC (EN-DC) synchronous case
	Victim cell SCS [kHz]
	Interruption length [symbols]

	
	Aggressor cell SCS [kHz]

	
	15
	30
	60

	15
	2
	2
	1

	30
	4
	3
	2

	60
	7
	5
	4

	120
	13
	9
	7

	Note:	The downlink symbols are excluded from the defined interruption symbols.



· Proposal 5: For scenario 1 in the asynchronous case and scenario 2 in the synchronous/asynchronous case, the interruption requirements could be defined as Table 3.
Table 3 Interruption for scenario 1 in asynchronous and scenario 2 in synchronous/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

	120
	5
	3
	2

	[bookmark: _GoBack]Note 1:	In inter-band TDD synchronous case, the downlink symbols are excluded from the defined interruption slots if UE does not support simultaneousRxTxInterBandENDC or simultaneousRxTxInterBandCA.
Note 2:	In intra-band TDD synchronous case, the downlink symbols are excluded from the defined interruption slots.
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