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1 Introduction
In RAN plenary #84 meeting, it agreed on the new work item: NR RRM enhancement in R16. A subtopic is SRS carrier switching.
	(1) RRM requirement of SRS carrier switching requirements for NR SA, NR-DC, EN-DC and NE-DC including
· Delay and interruption requirements of the following cases
· LTE SRS carrier switching impacting NR CC
· NR SRS carrier switching impacting LTE CC
· NR SRS carrier switching impacting NR CC


In this paper, we will discuss the impact on SRS carrier switching.
2 Background
The reason for introducing SRS Carrier switching is similar as legacy LTE. A UE with fewer UL CCs than DL CCs in TDD can use SRS CC switching to sound on possibly all CCs, thus providing the network with more accurate CSI on those CCs for better beamforming in DL.
In RAN1 #90bis, the agreement for SRS carrier switching is as follow:
	· Specify NR SRS switching among CCs similar to Rel-14 LTE SRS carrier-based switching design including 
· Periodic/aperiodic/semi-persistent SRS on a CC without PUCCH/PUSCH configured
· TA (through PRACH) on TAG without PUSCH/PUCCH configured
· Power control separated from that of PUSCH
· Group common DCI for aperiodic SRS triggering and TPC
· DL/UL interruptions and collision handling due to SRS switching



In RAN1 spec. [TS38.214 6.2.1.3], it depicts SRS carrier switching capability as follow:
	A UE can be configured with SRS resource(s) on a carrier c1 with slot formats comprised of DL and UL symbols and not configured for PUSCH/PUCCH transmission. For carrier c1, the UE is configured with higher layer parameter srs-SwitchFromServCellIndex and srs-SwitchFromCarrier the switching from carrier c2 which is configured for PUSCH/PUCCH transmission. During SRS transmission on carrier c1 (including any interruption due to uplink or downlink RF retuning time [11, TS 38.133] as defined by higher layer parameters rf-RetuningTimeUL and rf-RetuningTimeDL), the UE temporarily suspends the uplink transmission on carrier c2.


In RAN2 spec. [TS38.331], the signaling for SRS carrier switching is defined as follow.
BandParameters-v1540 ::=            SEQUENCE {
    srs-CarrierSwitch                   CHOICE {
        nr                                  SEQUENCE {
            srs-SwitchingTimesListNR            SEQUENCE (SIZE (1..maxSimultaneousBands)) OF SRS-SwitchingTimeNR
        },
        eutra                               SEQUENCE {
            srs-SwitchingTimesListEUTRA         SEQUENCE (SIZE (1..maxSimultaneousBands)) OF SRS-SwitchingTimeEUTRA
        }
    }                                                                           OPTIONAL,
    …
}

-- ASN1START
-- TAG-SRS-SWITCHINGTIMENR-START

SRS-SwitchingTimeNR ::= SEQUENCE {
    switchingTimeDL         ENUMERATED {n0us, n30us, n100us, n140us, n200us, n300us, n500us, n900us}  OPTIONAL,
    switchingTimeUL         ENUMERATED {n0us, n30us, n100us, n140us, n200us, n300us, n500us, n900us}  OPTIONAL
}

-- TAG-SRS-SWITCHINGTIMENR-STOP
-- ASN1STOP

-- ASN1START
-- TAG-SRS-SWITCHINGTIMEEUTRA-START

SRS-SwitchingTimeEUTRA ::= SEQUENCE {
    switchingTimeDL            ENUMERATED {n0, n0dot5, n1, n1dot5, n2, n2dot5, n3, n3dot5, n4, n4dot5, n5, n5dot5, n6, n6dot5, n7} OPTIONAL,
    switchingTimeUL            ENUMERATED {n0, n0dot5, n1, n1dot5, n2, n2dot5, n3, n3dot5, n4, n4dot5, n5, n5dot5, n6, n6dot5, n7} OPTIONAL
}
-- TAG-SRS-SWITCHINGTIMEEUTRA-STOP
The detailed SRS carrier switching interruption time was analyzed by RAN4 LS(R4-167660, R4-1805660). In legacy LTE spec. TS36.133, it has already captured the interruption requirement for SRS carrier switching, but currently there is no corresponding interruption requirement in RAN4 NR spec.  
In this paper, we will discuss the requirement for SRS carrier switching.
3 Interruption at SRS Carrier Switching in NR
[bookmark: _Ref521070740]Term ‘PUSCH-less SRS’
In Rel-14, the term “PUSCH-less SRS” refers to SRS on a TDD SCell not configured for PUSCH/PUCCH transmission, and all designs for PUSCH-less SRS are targeted for such SCells, such as the group DCI design. In Rel-15, however, the concept of PUSCH-less SRS is further extended to cover that case that the group DCI may be used for a SCell configured with PUSCH, but the SRS power control and PUSCH power control on the SCell are not tied. In NR, however, the differentiation of UL and SUL is introduced. Therefore, when referring to “PUSCH-less SRS” in RAN1 spec, it means the following [1]:
1) Case 1: The SRS configuration and transmission on an uplink of a serving cell not configured for PUSCH/PUCCH transmission, or 
2) Case 2: The SRS configuration and transmission on an uplink of a serving cell configured for PUSCH transmission but the SRS power control is not tied with PUSCH power control. This configuration is done via higher layer parameter srs-pcadjustment-state-config if it indicates a separate power control adjustment state between SRS transmissions and PUSCH transmissions.
Note that Case 1 involves SRS carrier switching (which generally requires RF retuning) but Case 2 does not (which does not require RF retuning). 
[bookmark: _Ref536802751]Observation 1: From RAN1’s discussion, the term “PUSCH-less SRS” should not be used in SRS carrier switching interruption requirement. 
Interruption Time Length
In legacy LTE, it has captured the interruption requirement for SRS Carrier Switching [TS36.133]. The requirement is 2 subframes including the SRS transmission time and two RF switching time.
[bookmark: _Ref536802743]Observation 2: The interruption at SRS carrier switching includes SRS transmission time and two RF switching time in legacy LTE requirement.
In NR, the values for the required switching time for carrier-based SRS switching are agreed in R4-1805660, including both intra and inter band CA cases[R4-1805660]. For switching between carriers in the same band, the candidate values are 0us, 30us, 100us, 140us and 200us depending on UE capability; for switching between carriers/aggregated carriers in different bands, the candidate values of 0us, 30us, 100us, 140us, 200us, 300us, 500us and 900us depending on UE capability.
[bookmark: _Ref536802745]Observation 3: The SRS RF switching time is the same as legacy LTE in NR except adding value of 140us.
Obviously, the most difference between NR and legacy LTE SRS carrier switching interruption time is 
· The SRS transmission time (up to 6 symbols in one slot) in NR.
· Multiple numerologies in NR. The same number of symbols could occupy different absolute time in the aggressor cell, and the same absolute time will result in different interruption length on victim cells with different numerologies.
· In legacy LTE carrier switching requirement, the RF transition time had been agreed as 500 µs in RAN4 interruption discussion.


[bookmark: _Ref536802746]Observation 4: The RF switching time is 500us in LTE interruption requirement discussion.
[bookmark: _Ref536802748]Proposal 1: The interruption requirement at SRS carrier switching should base on the numerology in NR and the longest SRS transmission time.
Intra-band and Inter-band
In RAN4 interruption discussion, it usually differentiates intra-band and inter-band because of additional AGC retuning time needed in intra-band. SRS carrier switching do not need additional time for AGC retuning, so that R4 doesn’t need to discuss the difference for intra-band and inter-band requirement. 
[bookmark: _Ref536802747]Observation 5: The carrier-based SRS switching interruption should be same for intra-band and inter-band in NR.
Numerology
The SRS resource occupying symbols absolute time will be different with different numerologies. The RF retuning time would also interrupt different slot number in victim cells with different numerology. So that the interruption time should consider the numerology. The longest interruption time will be 428us (6 SRS symbols) + 2*500us(RF retuning time)=1428us at SCS=15KHz. Figure 2 below shows the case which aggressor cell is SCS=15KHz and different interruption slots numbers in victim cell with different numerologies under synchronization DC or NR CA.


Figure 1. Numerology impact in SRS Carrier switching interruption (aggressor cell SCS=15KHz)
UL TA and asynchronous DC
In NR, the UL TA could be from 0 to at most 2 slots. The uncertainty UL TA will anyway result in additional interruption time in victim cells in some cases. For example, when aggressor cell SCS = 30KHz and victim cell SCS=60KHz, with UL TA, it will extend interruption time with one more slot. 


Figure 2. UL TA uncertainty impact in SRS Tx switching interruption
Originally, we should add 1 more interrupted slots in asynchronous DC scenarios, compared to synchronous DC/CA scenarios. Nevertheless, considering UL TA would definitely introduce 1 more interrupted slot into requirement, the SRS switching doesn’t need to differentiate synchronous or asynchronous scenarios because of this uncertainty UL TA.
[bookmark: _Ref536692299]Proposal 2: The interruption requirement doesn’t need to differentiate synchronous or asynchronous scenarios because uncertainty UL TA already introduce one additional interruption slot.
Overall, the SRS carrier switching interruption requirement should be as follow.
[bookmark: _Ref536692304]Proposal 3: The SRS carrier switching interruption requirement in NR is shown as follow.
Table 1. Interruption length (slots) due to SRS carrier switching
	Victim Cell SCS(KHz)
	Aggressor Cell SCS (KHz)

	
	15
	30
	60
	120

	15
	3
	3
	3
	3

	30
	4
	4
	4
	4

	60
	6
	6
	6
	6

	120
	12
	11
	10
	10


Collision Rules
In RAN1 spec. TS38.214, there are several collision rules for SRS carrier switching with PUSCH/PUCCH transmission. SRS transmission should be dropped when it would collide with higher priority signals transmission.
[bookmark: _Ref536802749]Proposal 4: SRS transmission for carrier 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 avoid to collide with subframe 0/5 in the requirement. In NR, the new SSB design is introduced for cell identification, measurement and beam management etc. SRS switching wouldn’t impact these procedures in all CCs similar as legacy LTE. 
If permitting SRS transmission could have collision with SSB, it will result in more complexity 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 the collision with DL SSB.
[bookmark: _Ref536802750]Proposal 5: Introducing SRS Carrier switching avoids the collision with SSB or RSs for any L1 measurements.
4 Interruption at SRS Carrier Switching from NR to LTE
In EN-DC or NE-DC, the NR SRS carrier switching will also impact the LTE carrier. In our understanding, the UE’s behaviour is similar as NR to NR except the numerology will be only 15KHz in LTE victim cell. Thus the interruption requirement could be re-used as follow.
[bookmark: _Ref20403932]Proposal 6: The SRS carrier switching interruption requirement from NR to LTE is shown as follow.
Table 2. Interruption length (subframes) due to SRS carrier switching
	Interruption
Length(subframes)
	Aggressor Cell SCS (KHz)

	
	15
	30
	60
	120

	Victim Cell
	3
	3
	3
	3



5 Interruption at SRS Carrier Switching from LTE to NR
In EN-DC or NE-DC, the LTE SRS carrier switching will also impact the NR carrier. From the observation above, the interruption requirement is 2 subframes including the SRS transmission time (1 symbol) and two RF switching time in legacy LTE. Compared with two RF switching time(1ms), the SRS transmission time could be neglected because only 1 symbol is used for SRS in LTE. The interruption time will be about 2*500us(RF retuning time)=1000us at SCS=15KHz. Figure 3 below shows the case which aggressor cell is SCS=15KHz and different interruption slots numbers in victim cell with different numerologies under synchronization DC or NR CA.
Overall, the SRS carrier switching interruption requirement should be as follow.
[bookmark: _Ref20403935]Proposal 7: The SRS carrier switching interruption from LTE to NR is shown as follow.
Table 3. Interruption length (slots) due to SRS carrier switching
	Victim Cell SCS(KHz)
	Interruption Length (slot) 

	15
	2

	30
	3

	60
	5

	120
	11





Figure 3. Numerology impact in SRS Carrier switching interruption (aggressor LTE cell)
6 Summary
In this paper, we propose the SRS Carrier Switching Interruption requirement for NR.
Observation 1: From RAN1’s discussion, the term “PUSCH-less SRS” should not be used in SRS carrier switching interruption requirement.
Observation 2: The interruption at SRS carrier switching includes SRS transmission time and two RF switching time in legacy LTE requirement.
Observation 3: The SRS RF switching time is the same as legacy LTE in NR except adding value of 140us.
Observation 4: The RF switching time is 500us in LTE interruption requirement discussion.
Observation 5: The carrier-based SRS switching interruption should be same for intra-band and inter-band in NR.
Proposal 1: The interruption requirement at SRS carrier switching should base on the numerology in NR and the longest SRS transmission time.
Proposal 2: The interruption requirement doesn’t need to differentiate synchronous or asynchronous scenarios because uncertainty UL TA already introduce one additional interruption slot.
Proposal 3: The SRS carrier switching interruption requirement in NR is shown as follow. 
	Victim cell SCS(KHz)
	Aggressor Cell SCS (KHz)

	
	15
	30
	60
	120

	15
	3
	3
	3
	3

	30
	4
	4
	4
	4

	60
	6
	6
	6
	6

	120
	12
	11
	10
	10


Proposal 4: SRS transmission for carrier switching should be dropped when it would collide with higher priority signals transmission.
Proposal 5: Introducing SRS Carrier switching avoids the collision with SSB or RSs for any L1 measurements.
Proposal 6: The SRS carrier switching interruption requirement from NR to LTE is shown as follow.
	Interruption
Length(slot)
	Aggressor Cell SCS (KHz)

	
	15
	30
	60
	120

	Victim Cell
	3
	3
	3
	3


Proposal 7: The SRS carrier switching interruption from LTE to NR is shown as follow.
	Victim Cell SCS(KHz)
	Interruption Length (slot) 

	15
	2

	30
	3

	60
	5

	120
	11
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