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1. Introduction
In last RAN4#98e meeting, a WF on SRS antenna port switching of Rel-17 NR RRM further enhancement was approved [1]. In this contribution, we focus on the open issues of SRS antenna port switching and provide our view.
2. Discussion
On scope of SRS antenna switching requirements, RAN4 has reach the following agreements in last meeting.
Agreement on Scope of SRS antenna switching requirement: 
· RAN4 to define interruption requirements for SRS antenna port switching
· RRM delay requirement for SRS antenna port switching is FFS
· Option 1: Do not define SRS antenna port switching delay requirement in RRM.
· Option 2: Define SRS antenna port switching delay requirement same as RF retuning time.
· Option 3: Define SRS antenna port switching delay requirement. FFS for the value. At least RF retuning time shall be included.
· Further identify impact of SRS antenna port switching on RRM requirements, e.g.
· Timing measurements and corresponding measurement requirements
· Other RRM requirements
· Define the RRM requirements for SRS antenna port switching for FR1. 
· [bookmark: OLE_LINK94][bookmark: OLE_LINK95]FFS for FR2 SRS antenna port switching requirements: 
· Further identify the applicability of the existing RF transient period for SRS antenna port switching.


In our view, following the manner used for other objectives in Rel-16, i.e., UL Tx switching, only interruption requirements should be defined in RRM session. The delay of SRS antenna port switching is to be decided in RF session, which should consider RF retuning time or even some margin. Thus, for this issue, we support not to define SRS antenna port switching delay requirements in RRM.
Proposal 1: Do not define SRS antenna port switching delay requirement in RRM.
As RAN4 agreed to define RRM requirements for SRS antenna port switching for FR1, we suggest to focus on FR1 requirements at the first stage. For FR2 cases, the SRS antenna port switching requirements could be quite different, since the logic of defining requirements for FR1 may be not applicable, due to different UE antenna or panels design.
To be highlighted, at least for the case FR1+FR2, we think UE capability of independent gap should be considered, and the requirements could be different for different UEs.
Observation 1: Define the interruption requirements of SRS antenna port switching for FR1 fisrtly, and further study the feasibility of FR2 cases.
Observation 2: Different impact should be considered for UE capable of per UE gap or per FR gap if FR1+FR2 SRS antenna port switching was to be specified.

· Issue 1-2-1: Interruption requirement applicability
· FFS:
· Option 1 (MTK, Huawei, OPPO, NEC, Xiaomi): The interruption requirement should base on the band combination capability reporting by UE.
· Option 1a: The interruption requirement should base on the band combination capability (indicated by txSwitchImpactToRx or txSwitchWithAnotherBand) reporting by UE. 
· Option 2 (Huawei (observation 1), Nokia (proposal 5), NEC, Apple, vivo, CATT, QC): For the interruption cause by the switching period, whether the victim CCs are same as those indicated by the IEs (txSwitchImpactToRx or txSwitchWithAnotherBand) needs further discussion.
· Option 3 (Ericsson): Needs further checking and discussion.
· Issue 1-2-2: Victim cell type impacted by SRS antenna port switching   
· Agreement:
· In the R17 FeRRM WI only RRM requirement of NR SRS antenna port switching would be discussed, including following cases (but all the victim CCs shall be determined by the conclusion in issue 1-2-1):
· NR SRS antenna port switching impacting LTE CC
· NR SRS antenna port switching impacting NR CC


In Rel-15, UE SRS antenna switching was introduced as per band UE capability (srs-TxSwitch), which indicates UE supporting the mode of SRS Tx antenna port switching for the associated band. For MR-DC, the interruption requirements should be defined for E-UTRA and NR DL carriers respectively, based on band combination capability reporting by UE.
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,
    srs-TxSwitch                    SEQUENCE {
        supportedSRS-TxPortSwitch       ENUMERATED {t1r2, t1r4, t2r4, t1r4-t2r4, t1r1, t2r2, t4r4, notSupported},
        txSwitchImpactToRx              INTEGER (1..32)                            OPTIONAL,
        txSwitchWithAnotherBand         INTEGER (1..32)                            OPTIONAL
    }                                                                              OPTIONAL
}

BandParameters-v16xy ::=         SEQUENCE {
    srs-TxSwitch                      SEQUENCE {
        supportedSRS-TxPortSwitch-r16     ENUMERATED {t1r1-t1r2, t1r1-t1r2-t1r4, t1r1-t1r2-t2r2-t2r4, t1r1-t1r2-t2r2-t1r4-t2r4,
                                              t1r1-t2r2, t1r1-t2r2-t4r4}
    }   
Proposal 2: For MR-DC, the interruption requirements should be defined for E-UTRA and NR DL carriers respectively, based on band combination capability reporting by UE.
· Issue 1-2-3: whether same interruption requirement applies to different SRS antenna port switching patterns 
· Option 1 (vivo, OPPO, NEC, Apple, Xiaomi, Intel, CATT, QC): use same set of requirements for different SRS antenna switch patterns
· Option 2 (LGE): Depending on UE capability supportedSRS-TxPortSwitch, the interruption requirements should be defined.
· Option 3 (Ericsson, MTK, Nokia): further discussion is needed.

[bookmark: OLE_LINK96][bookmark: OLE_LINK97]Due to similar RF and baseband adjustment with SRS antenna port switching for different SRS antenna port switching pattern, the interruption should also be similar for different cases. Even though there may existing different UE implementation, the interruption requirement of the worst case should be usually defined.  Thus, we suggest one same set of requirements for different SRS antenna switch patterns from UE’s perspective.
Proposal 3: Suggest one same set of requirements for different SRS antenna switch patterns.
· Issue 1-3-1: The interruption requirement is defined based on slot level or symbol level
· Option 1 (Apple, QC, MTK, Huawei, OPPO, Xiaomi, vivo, CATT, Intel): based on slot level
· Option 2 (LGE, NEC, Huawei, Ericsson): based on symbol level
· Option 3 (Nokia, CMCC): FFS
· Issue 1-3-2: The components within interruption time of SRS antenna port switching in FR1   
· Option 1 (Xiaomi, vivo, Huawei, OPPO, Intel, CATT): includes antenna switching time and SRS transmission time
· Option 1a (QC, NEC, LG, MTK): includes antenna switching time and SRS transmission time; and transient periods before and after SRS transmission slot have to be taken into consideration.
· Option 1b (Ericsson, Xiaomi, NEC, LG): includes antenna switching time and SRS transmission time; and other components can be further discussed.
· Option 2 (Ericsson): FFS on followings
· FFS: time to switch to transmit,
· FFS: time to switch back,
· FFS: guard symbol(s),
· FFS: SRS transmission.
· Option 3 (Apple, Nokia): only antenna switching time
· If the transient period (15us) can be captured within the guard period in FR1, the UL interruption at SRS antenna switching shall be defined based on the minimum guard period specified in RAN1


The interruption includes at least antenna switching time and SRS transmission time. We think the transient periods before and after SRS transmission slot need also to be considered as interruption, but whether it should be captured in GP in RAN1 after RAN4 recognized it as components of interruption time should be FFS.
Proposal 4: RAN4 considers antenna switching time, SRS transmission time together with transient periods for interruption time of SRS antenna port switching.
· SRS Transmission time (up to 7 symbols).
· SRS antenna switching time (15us *2)
· transient period (10us*2)
In our view, the interruption requirements should be defined in slot level, which is based on the victim CC SCS. If NR SRS antenna switching causes interruption to LTE serving CC, the interruption is 2 subframes. If NR SRS antenna switching causes interruption to NR serving CC, the interruption should be specified as the following table based on the SCS of the victim CC.
	 
	Interruption Length (slots)

	Victim SCS (kHz)
	15
	30
	60

	15
	2
	2
	2

	30
	3
	2
	2

	60
	4
	3
	2


Proposal 5: For NR SRS antenna port switching impacting LTE CC, the interruption is 2 subframes.
Proposal 6: For NR SRS antenna port switching impacting NR CC, the interruption should be specified as the following table based on the SCS of the victim CC.
	 
	Interruption Length (slots)

	Victim SCS (kHz)
	15
	30
	60

	15
	2
	2
	2

	30
	3
	2
	2

	60
	4
	3
	2



3. Conclusion
In this contribution, we proposed our views on SRS antenna port switching requirements.
[bookmark: _GoBack]Observation 1: Define the interruption requirements of SRS antenna port switching for FR1 firstly, and further study the feasibility of FR2 cases.
Observation 2: Different impact should be considered for UE capable of per UE gap or per FR gap if FR1+FR2 SRS antenna port switching was to be specified.
Proposal 1: Do not define SRS antenna port switching delay requirement in RRM.
Proposal 2: For MR-DC, the interruption requirements should be defined for E-UTRA and NR DL carriers respectively, based on band combination capability reporting by UE.
Proposal 3: Suggest one same set of requirements for different SRS antenna switch patterns.
Proposal 4: RAN4 considers antenna switching time, SRS transmission time together with transient periods for interruption time of SRS antenna port switching.
· SRS Transmission time (up to 7 symbols).
· SRS antenna switching time (15us *2)
· transient period (10us*2)
Proposal 5: For NR SRS antenna port switching impacting LTE CC, the interruption is 2 subframes.
Proposal 6: For NR SRS antenna port switching impacting NR CC, the interruption should be specified as the following table based on the SCS of the victim CC.
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	30
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	2
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