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1 Introduction
SRS antenna switching is used to obtain full DL channel information at gNB through channel reciprocity when the UE has fewer transmitting chains than receiving chains. In RAN1 #NR3, the agreements for SRS antenna switching are:
	Agreements:
· For antenna switching for SRS transmission within a carrier, at least support 1Tx (in the case of UE with 1T2R) and 2Tx (in the case of UE with 2T4R) antenna switching scheme 
· Design principle in LTE for SRS transmission can be a starting for the details in NR
· FFS: For the case UE with 2Tx, where one antenna have the capability of 1Tx to 3 antenna switching, and  another antenna have no switching
· FFS: SRS transmission for antenna switching and associated SRS resource / resource group configurations
· FFS: Antennas in a antenna group can transmit SRS simultaneously, and FFS on antenna indexing in each antenna group
· FFS: The relationship between SRS antenna switching and SRS resource hopping considering SRS repetition within one SRS resource
· This feature is used at least to acquire downlink channel information



In RAN1 #90bis, the agreement for collision between SRS with PUCCH is as follow.
	Agreement:
· In the case of collision of SRS and short PUCCH carrying only CSI report/beam failure recover request, support the prioritization rules in the table below:
· The channel listed in the entries below are prioritized
	
	Aperiodic SRS
	Semi-persistent SRS
	periodic SRS

	sPUCCH with aperiodic CSI report only
	No rule**
	sPUCCH
	sPUCCH

	sPUCCH with semi persistent CSI report only
	SRS
	sPUCCH
	sPUCCH

	sPUCCH with periodic CSI report only
	SRS
	sPUCCH
	sPUCCH

	sPUCCH with beam failure recover request*
	sPUCCH
	sPUCCH
	sPUCCH


In case SRS is dropped, dropping can be partial in time domain, i.e., only those OFDM symbols that collide with short PUCCH
*If short PUCCH is supported for beam failure recovery request and collision between short PUCCH with beam failure recovery request and aperiodic/semi persistent/periodic SRS occurs, prioritize short PUCCH
** UE can assume that this collision will not occur



In RAN1 #AH1801, the SRS antenna switching guard time has discussed based on the LS from R4.
	R1-1800318
For sounding different antenna ports, the antenna switching time is 15 µsec.

Agreement:
The UE is configured with a guard period of Y symbols, in which the UE does not transmit any other signal, in the case the SRS resources of a set are transmitted in the same slot. The guard period is in-between the SRS resources of the set.
Table: The minimum guard period between two SRS resources of an SRS resource set for antenna switching
	SCS(KHz)
	Y (symbol)

	15
	1

	30
	1

	60
	1

	120
	2





In latest RAN2 meeting, RAN2 had some agreements[4] on UE capability signalling to reflect the UE capability on SRS antenna switching defined by RAN1.
1. Support SRS Tx port switch, 
2. Report whether the UL Tx switching in a band impacts DL receiving in another band, 
3. Report whether the UL Tx in a band is switched together with UL Tx in another band.
In the newest spec. TS38.331, RAN2 introduce two signaling to report UE’s capability for TX switching impact to other bands.
BandParameters-v1540 ::=            SEQUENCE {
    …
    srs-TxSwitch-v1540              SEQUENCE {
        supportedSRS-TxPortSwitch       ENUMERATED {t1r2, t1r4, t2r4, t1r4-t2r4, t1r1, t2r2, t4r4, notSupported},
        txSwitchImpactToRx              INTEGER (1..32)                         OPTIONAL,
        txSwitchWithAnotherBand         INTEGER (1..32)                         OPTIONAL
    }                                                                           OPTIONAL
}
The interruption requirement for SRS antenna switching still hasn’t been captured in RAN4 spec. In this paper, we will discuss the requirement for SRS antenna switching.
2 Interruption at SRS antenna switching
From RAN1/2’s discussion, SRS antenna switching in one carrier will possibly influence other bands’ DL/UL. UE should report whether the UL TX switching in a band impact to downlink receiving in another band and whether the UL Tx in a band is switched together with UL Tx in another band. There is lots of discussion on the reason why UE needs to report the SRS antenna switching influence for DL/UL per band[R1-1712769, R2-1817376].
[bookmark: _Ref536692254]Observation 1: SRS antenna switching in one band will possibly influence other bands’ DL/UL.
[bookmark: _Ref536692276]Proposal 1: RAN4 should introduce the interruption requirement for SRS antenna switching. The interruption requirement should base on the band combination capability reporting by UE.
Interruption Time
The total interruption time is contributed from the following 2 components (shown as (A) and (B) in Figure 1)
[image: ]
[bookmark: _Ref1031002]Figure 1. SRS antenna switching interruption time
(A) The UE will be configured with one or more SRS resource sets by the higher layer parameter SRS-ResourceSet. For each SRS resource set, a UE may be configured with K>=1 SRS resource(s) where K depends on UE’s capability. When the UE is configured with the higher layer parameter usage in SRS-ResourceSet as ‘antennaSwitching’, the UE will be also configured with a guard period of Y symbols, during which UE does not need to transmit any signal, in the case that the SRS resources of a ResourceSet are transmitted in the same slot. The guard period is in-between the SRS resources of the set[TS38.214 6.2.1.2].
The UE may be configured by the higher layer parameter resourceMapping in SRS-Resource with an SRS resource occupying n=1, 2, or 4 adjacent symbols within the most 6 symbols [TS38.331]. Note that the last SRS symbol always aligns with the last symbol of a slot.
	resourceMapping
OFDM symbol location of the SRS resource within a slot including number of OFDM symbols (N = 1, 2 or 4 per SRS resource), startPosition (SRSSymbolStartPosition = 0..5; "0" refers to the last symbol, "1" refers to the second last symbol) and RepetitionFactor (r = 1, 2 or 4) (see TS 38.214 [19], clause 6.2.1 and TS 38.211 [16], clause 6.4.1.4). The configured SRS resource does not exceed the slot boundary.


[bookmark: _Ref536692258]Observation 2: The max number of symbols for SRS in one slot is 6, including SRS resource(s) and guard period for switching among SRS ports.
(B) Considering the flexible slot format configuration in NR, there could be either UL or DL symbols before and after SRS symbols. Therefore, before and after transmitting SRS, UE may also need to consider additional Tx-to-TX, Rx-to-Tx, or Tx-to-Rx transition time. All possible transition scenarios are shown as below. As we know, the max allowed transition times for T2R and R2T are 13us in FR1 and 7us in FR2. Both are less than the transient period (15us) between different antennas in SRS antenna switching. Therefore, for simplicity, we can just assume 15us. 
Based on above discussion, the overall interruption time in antenna switching should be sum of
(A) SRS Transmission time (up to 6 symbols).
(B) 2 * 15us

 
Figure 2. DL/UL configuration with SRS antenna switching
[bookmark: _Ref536692285][bookmark: _Ref536692282]Proposal 2: The SRS antenna switching time is 15us.
Proposal 3: The SRS antenna switching interruption time should be 
(A) SRS Transmission time (up to 6 symbols).
(B) 2 * 15us
Numerology
Considering different numerologies among CCs, the absolute time used for SRS will be different so that the interruption time to victim cells will also be different. The longest interruption time will be 428us (6 SRS symbols) + 2* 15us (SRS antenna switching time) = 458us at SCS=15KHz. The figure 2 below is shown the case which aggressor cell is SCS=15KHz and different numbers of interrupted slots in victim cells with different numerologies under synchronization DC or NR CA. Note that UL TA is not yet considered in this case. 


Figure 3. Numerology impact in SRS antenna switching interruption (aggressor cell SCS=15KHz)
[bookmark: _Ref536692292]Proposal 4: The SRS antenna switching interruption requirement should base on aggressor cell and victim cell’s numerology in NR.
UL TA and asynchronization DC
Both UL TA and asynchronization DC would result in additional interrupted slot. That means the SRS antenna switching interruption requirement doesn’t need to differentiate synchronization and asynchronization scenarios due to TA.    
[bookmark: _Ref536692299]Proposal 5: The interruption requirement doesn’t need to differentiate synchronized and asynchronized scenarios.
Proposal 6: One single requirement to cover the synchronized and asynchronized scenarios with or without UL TA.
In summary, the SRS antenna switching interruption requirement should be as follow.
[bookmark: _Ref1032569]Proposal 7: The SRS antenna switching interruption requirement is shown as follow.
Table 1. Interruption length (slots) due to SRS antenna switch
	Victim cell SCS(KHz)
	Aggressor Cell SCS (KHz)

	
	15
	30
	60
	120

	15
	2
	2
	2
	2

	30
	2
	2
	2
	2

	60
	3
	2
	2
	2

	120
	5
	3
	3
	2


Collision Rules
In RAN1 agreement, there are several collision priority rules for SRS transmission, for example, the collision with short PUCCH. SRS transmission should be dropped when it would collide with higher priority signals transmission.
[bookmark: _Ref536802740]Proposal 8: SRS transmission for antenna switching should be dropped when it would collide with higher priority signals transmission.
DL performance impact
In legacy LTE, PSS/SSS in subframe 0/5 is very important, so the SRS carrier switching will be dropped in subframe 0/5 in the requirement. In NR, the new SSB burst design is introduced for cell identification, measurement and beam management etc. If permitting SRS transmission colliding with SSB, it will result in more complex UE measurement scheduling and at the same time the measurement requirement may need to be re-discussed. Nevertheless, for SRS switching itself, UE will report its capability (RF retuning time) to network, the network could know how to configure suitable SRS switching configuration to avoid collision with DL SSB.
[bookmark: _Ref536802742]Proposal 9: Introducing SRS antenna switching avoids the collision with DL SSB transmission.
3 Summary
In this paper, we propose the SRS antenna switching requirement for NR.
Observation 1: SRS antenna switching in one band will possibly influence other bands’ DL/UL.
Observation 2: The max number of symbols for SRS in one slot is 6, including SRS resource(s) and guard period for switching among SRS ports.
Proposal 1: RAN4 should introduce the interruption requirement for SRS antenna switching. The interruption requirement should base on the band combination capability reporting by UE.
Proposal 2: The SRS antenna switching time is 15us.
Proposal 3: The SRS antenna switching interruption time should be 
(A) SRS Transmission time (up to 6 symbols).
(B) 2 * 15us
Proposal 4: The SRS antenna switching interruption requirement should base on aggressor cell and victim cell’s numerology in NR.
Proposal 5: The interruption requirement doesn’t need to differentiate synchronized and asynchronized scenarios.
Proposal 6: One single requirement to cover the synchronized and asynchronized scenarios with or without UL TA.
Proposal 7: The SRS antenna switching interruption requirement is shown as follow.
Table 2. Interruption length (slots) due to SRS antenna switch
	Victim cell SCS(KHz)
	Aggressor Cell SCS (KHz)

	
	15
	30
	60
	120

	15
	2
	2
	2
	2

	30
	2
	2
	2
	2

	60
	3
	2
	2
	2

	120
	5
	3
	3
	2


Proposal 8: SRS transmission for antenna switching should be dropped when it would collide with higher priority signals transmission.
Proposal 9: Introducing SRS antenna switching avoids the collision with DL SSB transmission.
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