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1 Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN4 #98-e meeting, the RRM requirement for SRS antenna port switching was discussed and a WF [1] was approved. In this contribution, we share our views on the interruption requirement for SRS antenna port switching following the agreed WF. 
2 Discussion
The feature of SRS antenna switching was introduced in Rel-15 by RAN1, UE is required to transmit uplink sounding signal on all physical antenna ports. And according to TR38.822, the feature of SRS antenna switching including 3 components as follows: 
1) Support SRS Tx port switch, 
2) Report whether the uplink Tx switching impact to downlink receiving in a band,
3) Report whether the UL Tx is switched together with UL Tx in another band.
In TS 38.306, the SRS antenna switching capability is captured as follow:
	srs-TxSwitch, srs-TxSwitch-v1610
Defines whether UE supports SRS for DL CSI acquisition as defined in clause 6.2.1.2 of TS 38.214 [12]. The capability signalling comprises of the following parameters:
-	supportedSRS-TxPortSwitch indicates SRS Tx port switching pattern supported by the UE, which is mandatory with capability signaling. The indicated UE antenna switching capability of ′xTyR′ corresponds to a UE, capable of SRS transmission on ′x′ antenna ports over total of ′y′ antennas, where ′y′ corresponds to all or subset of UE receive antennas, where 2T4R is two pairs of antennas. supportedSRS-TxPortSwitch-v1610, which is optional to report, indicates downgrading configuration of SRS Tx port switching pattern. If the UE indicates the support of downgrading configuration of SRS Tx port switching pattern using supportedSRS-TxPortSwitch-v1610, the UE shall report the values for this as below, based on what is reported in supportedSRS-TxPortSwitch.
	supportedSRS-TxPortSwitch
	supportedSRS-TxPortSwitch-v1610

	t1r2
	t1r1-t1r2

	t1r4
	t1r1-t1r2-t1r4

	t2r4
	t1r1-t1r2-t2r2-t2r4

	t2r2
	t1r1-t2r2

	t4r4
	t1r1-t2r2-t4r4

	t1r4-t2r4
	t1r1-t1r2-t2r2-t1r4-t2r4









	-	txSwitchImpactToRx indicates the entry number of the first-listed band with UL (see NOTE) in the band combination that affects this DL, which is mandatory with capability signaling;
-	txSwitchWithAnotherBand indicates the entry number of the first-listed band with UL (see NOTE) in the band combination that switches together with this UL, which is mandatory with capability signaling.
For txSwitchImpactToRx and txSwitchWithAnotherBand, value 1 means first entry, value 2 means second entry and so on. All DL and UL that switch together indicate the same entry number.
The entry number is the band entry number in a band combination. The UE is restricted not to include fallback band combinations for the purpose of indicating different SRS antenna switching capabilities.

NOTE:	The first-listed band with UL includes a band associated with FeatureSetUplinkId set to 0 corresponding to the support of SRS-SwitchingTimeNR.


In previous RAN4 meeting, SRS antenna switching time has been discussed in RF session. It was clarified in LS R4-1811533 [2] that the generic antenna switching time is 15 us for FR1 UE. As for FR2 SRS antenna switching time, which is related to multi-panel operations, there is no clear requirements in RF session and still under discussion in RAN1. Therefore, it is proposed that RAN4 to prioritize the requirement for SRS antenna port switching in FR1.
Proposal 1: RAN4 to prioritize the requirement for SRS antenna port switching in FR1.
Based on the LS from RAN4, RAN1 defined the SRS antenna switching guard period in TS 38.214 and the UE does not transmit any other signal during the guard period. In our understanding, the SRS antenna switching guard period specified in RAN1 spec is to cover the 15us antenna switching time defined in RAN4. In other word, the guard period defined in TS 38.214 is considered as the antenna switching time when defining the interruption requirement. 
Proposal 2: The guard period defined in TS 38.214 is considered as the antenna switching time when defining the interruption requirement.
According to RAN2 spec, the UE signals its capability on SRS antenna switching, i.e. txSwitchImpactToRx and txSwitchWithAnotherBand, to inform network the information about which band may be impacted by SRS antenna switching. It is proposed to define the interruption requirement based on the UE signalling respectively. 
Proposal 3: It is proposed to define the interruption requirement based on the UE capability signaling with txSwitchImpactToRx or txSwitchWithAnotherBand respectively.
The signalling txSwitchWithAnotherBand provides information about whether the UL band switch together with other UL bands, which means the UE uplink transmission would be interrupted by other switching UL bands. In this case, the interruption time should be at least the same as the guard period of the aggressor CC. 
Proposal 4: If the signalling of txSwitchWithAnotherBand is reported, the interruption requirement at SRS antenna switching should be the guard period defined in TS 38.214 for the aggressor CCs in the band combination.
The signalling txSwitchImpactToRx provides information about whether the DL band is interrupted by other switching UL bands. The typical case is FDD-TDD CA where the UE supports antenna switching in TDD bands but this switching interrupt the receiver in the FDD band(s). In this case, the interruption time caused by UL switching would at least comprise of the guard period and the SRS transmission time of the aggressor CC. Figure 1 below is shown the case where the DL transmission is interrupt by other UL switching, and the SRS resource is used with repetition of factor 4 which we think is the worst case.
	
 

	Figure 1. SRS antenna switching case where the SRS resource is used with repetition of factor 4.


Proposal 5: If the signalling of txSwitchImpactToRx is reported, the interruption requirement should include the guard period defined in TS 38.214 and SRS transmission time for the aggressor CCs in the band combination.
Furthermore, considering the MRTD requirement, e.g. 3us for intra-band CA or 33us for inter-band CA, the additional interruption time would be taken into account. Similarly, additional interrupted time, the MRTD requirements as cited below, would be included for asynchronized DC scenario.
	Table 7.6.2-1: Maximum receive timing difference requirement for asynchronous EN-DC
	Sub-carrier spacing of E-UTRA cell in MCG (kHz)
	DL Sub-carrier spacing of cell in SCG (kHz) (Note 1)
	Maximum receive timing difference (µs)

	15
	15
	500

	15
	30
	250

	15
	60
	125

	15
	120Note2
	62.5

	NOTE 1:	DL Sub-carrier spacing is min{SCSSS, SCSDATA}.
NOTE 2:	For E-UTRA FDD-NR FDD intra-band EN-DC, for which the requirement is defined in clause 7.6.3 and this Table 7.6.2-1 is also applicable, the scenario with 120 kHz does not exit.





In summary, the interruption length would comprise of guard period, SRS transmission time and MRTD. Since the cases are complicated, we suggest RAN4 to define the interruption requirement for SRS antenna switching based on slot level. 
Proposal 6: RAN4 to define the interruption requirement for SRS antenna switching based on slot level.
Proposal 7: The SRS antenna switching interruption requirement for FR1 is shown as follow.
Table 1. Interruption length (slots) due to SRS antenna switching for DC
	Victim cell SCS(KHz)
	Aggressor Cell SCS (KHz)

	
	signalling txSwitchWithAnotherBand
	signalling txSwitchImpactToRx

	
	15
	30
	60
	15
	30
	60

	15
	1
	1
	1
	1
	1
	1

	30
	2
	1
	1
	2
	1
	1

	60
	3
	2
	1
	4
	2
	1


Table 2. Interruption length (slots) due to SRS antenna switching for CA
	Victim cell SCS(KHz)
	Aggressor Cell SCS (KHz)

	
	signalling txSwitchWithAnotherBand
	signalling txSwitchImpactToRx

	
	15
	30
	60
	15
	30
	60

	15
	1
	1
	1
	1
	1
	1

	30
	1
	1
	1
	1
	1
	1

	60
	1
	1
	1
	2
	1
	1



3 Conclusion
Proposal 1: RAN4 to prioritize the requirement for SRS antenna port switching in FR1.
Proposal 2: The guard period defined in TS 38.214 is considered as the antenna switching time when defining the interruption requirement.
Proposal 3: It is proposed to define the interruption requirement based on the UE capability signaling with txSwitchImpactToRx or txSwitchWithAnotherBand respectively.
Proposal 4: If the signalling of txSwitchWithAnotherBand is reported, the interruption requirement at SRS antenna switching should be the guard period defined in TS 38.214 for the aggressor CCs in the band combination.
Proposal 5: If the signalling of txSwitchImpactToRx is reported, the interruption requirement should include the guard period defined in TS 38.214 and SRS transmission time for the aggressor CCs in the band combination.
Proposal 6: RAN4 to define the interruption requirement for SRS antenna switching based on slot level.
Proposal 7: The SRS antenna switching interruption requirement for FR1 is shown as follow.
Table 1. Interruption length (slots) due to SRS antenna switching for DC
	Victim cell SCS(KHz)
	Aggressor Cell SCS (KHz)

	
	signalling txSwitchWithAnotherBand
	signalling txSwitchImpactToRx

	
	15
	30
	60
	15
	30
	60

	15
	1
	1
	1
	1
	1
	1

	30
	2
	1
	1
	2
	1
	1

	60
	3
	2
	1
	4
	2
	1


Table 2. Interruption length (slots) due to SRS antenna switching for CA
	Victim cell SCS(KHz)
	Aggressor Cell SCS (KHz)

	
	signalling txSwitchWithAnotherBand
	signalling txSwitchImpactToRx

	
	15
	30
	60
	15
	30
	60

	15
	1
	1
	1
	1
	1
	1

	30
	1
	1
	1
	1
	1
	1

	60
	1
	1
	1
	2
	1
	1
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