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Introduction
In RAN4#98-e meeting, the requirements for SRS antenna port switching were firstly discussed. It was agreed to define the interruption requirements, but the details are for further discussion which are captured in the way forward [1]. In this paper we are clarifying the potential UE behaviour based on existing specifications and discussing how to define the interruption requirements due to SRS antenna port switching. 
           · Issue 1-1-1: whether interruption requirement would be defined in RRM for SRS antenna port switching 
· Agreement: RAN4 to define interruption requirements for SRS antenna port switching

Discussion
In NR, the SRS antenna port switching is defined to enable channel sounding for DL CSI acquisition. The UE may be configured with SRS antenna switching depending on the indicated UE capability supportedSRS-TxPortSwitch, when the UE is configured with the higher layer parameter usage in SRS-ResourceSet set as 'antennaSwitching'. 
The principles of switching the SRS transmission over respective antenna ports are specified in 3GPP TS 38.214 section 6.2.1.2 [2]. In particular, a guard period of Y symbols is defined, in which the UE does not transmit any other signal as cited below. From RAN4 point of view, the guard period is supposed to cause interruption on the carrier within which the UE is restricted from at least uplink transmission.
Observation1: The guard period defined in RAN1 is supposed to cause interruption on the carrier within which the UE is restricted from at least uplink transmission.  
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.
The value of Y is defined by Table 6.2.1.2-1.
Table 6.2.1.2-1: The minimum guard period between two SRS resources of an SRS resource set for antenna switching




Y [symbol]
0
15
1
1
30
1
2
60
1
3
120
2
· 

According to [2], the UE is configured with the guard period of Y symbols. However, there is no explicit configuration of such guard period in RRC specification [3]. It is understood the guard period is implicitly indicated by association with the sub-carrier spacing according to Table 6.2.1.2-1, e.g. the minimum guard period of 1 symbol is assumed when 15kHz is applied. As a result, the interruption at SRS antenna switching shall be defined at least within the guard period as defined in Table 6.2.1.2-1 of [2].
Proposal1: The interruption at SRS antenna switching shall be defined at least within the guard period in Table 6.2.1.2-1 of [2].
In addition, according to RAN1 spec, the guard period is defined “in the case the SRS resources of a set are transmitted in the same slot”, and the guard period is “in-between” the SRS resources. With these conditions of the definition, we can imagine two cases of different SRS configurations as illustrated in Fig.1 (taking 1T2R as example): 
In Fig.1(a), the SRS resources of a set in a slot are configured on symbols which are separated by exactly the minimum guard period. In this case, the UE is supposed to transmit SRS on different ports in consecutive manner, and the guard period i.e. one OFDM symbol in FR1, is used for switching the antenna to the other port. It is clear that the interruption shall be defined during the minimum guard period when the SRS resources of a set in a slot are configured on symbols which are separated by exactly the guard period.
Proposal2: The interruption requirement shall be defined when the SRS resources of a set in a slot are configured on the symbols which are separated by exactly the minimum guard period.
In Fig.1(b), the SRS resources of a set may also be configured on the symbols which are separated by a length larger than a minimum guard period. While such configuration is not excluded in current specification, it implies all the OFDM symbols “in-between” the SRS resources may be counted within the guard period and hence being prohibited from any uplink transmission. In our views, the guard period in this case is not clearly defined in RAN1. It is not possible to define the interruption requirements before the guard period in this case gets clarified by RAN1. Therefore, we would propose further discussing if the interruption requirements shall be defined if the SRS resources of a set in a slot are separated by a length larger than a minimum guard period. If there is strong view to study the scenario in Rel17, we may further send LS asking for RAN1 clarification on the guard period in this case.
Proposal3: RAN4 shall discuss if the interruption requirements are defined when the SRS resources of a set in a slot are separated by a length larger than a minimum guard period. 


(a) Consecutive SRS resources


(b) Non-consecutive SRS resources
Figure 1. Different scenarios of SRS resources of a set at SRS antenna switching
In addition to the guard period which brings interruption to the uplink transmission on the carrier, the DL transmission on the carrier(s) may also be affected based on the UE capability of srs-Txswitch indicated in the BandCombinationList IE. In particular, if the IE txSwitchImpactToRx is configured, the DL may be “affected” by the SRS switching performed on the band(s) indicated in the IE hence the DL performance may be degraded due to less number of Rx antennas. But it is not clear if the DL is fully interrupted or may still survive despite of the degraded performance. From RAN4 point of view, we propose adding one note indicating the DL may be affected due to SRS antenna switching if txSwitchImpactToRx is configured. The text proposal for the note can be found in the end of this paper. 
[bookmark: _GoBack]Proposal4: Add one note indicating the DL may be affected due to SRS antenna switching if txSwitchImpactToRx is configured.

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
}

-	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.


In last meeting, it was further discussed if the requirements at SRS antenna port switching shall be defined for both FR1 and FR2. We understood that the SRS time mask defined in RF specification is only applied in FR1. It needs to be clarified in RF session if the 15us transient period is also applied to FR2. From RRM point of view, the interruption discussion should be aligned with the RF outcome. It is proposed to define the interruption requirements at SRS antenna switching for FR1 unless the transient period in FR2 gets clarified in RF session. 
Proposal5: It is proposed to define the interruption requirements at SRS antenna switching only for FR1 unless the transient period in FR2 gets clarified in RF session.
· Issue 1-1-4: RAN4 defines the requirement only for SRS antenna port switching in FR1 or in both FR1 and FR2 
· Agreements
· Define the RRM requirements for SRS antenna port switching for FR1. 
· FFS for FR2 SRS antenna port switching requirements: 
· Further identify the applicability of the existing RF transient period for SRS antenna port switching.


Conclusion
This contribution discussed the interruption requirements at SRS antenna port switching. The observations and proposals are summarized as below:   
Observation1: The guard period defined in RAN1 is supposed to cause interruption on the carrier within which the UE is restricted from at least uplink transmission.  
Proposal1: The interruption at SRS antenna switching shall be defined at least within the guard period in Table 6.2.1.2-1 of [2].
Proposal2: The interruption requirement shall be defined when the SRS resources of a set in a slot are configured on the symbols which separated by exactly the minimum guard period.
Proposal3: RAN4 shall discuss if the interruption requirements are defined when the SRS resources of a set in a slot are separated by a length larger than a minimum guard period. 
Proposal4: Add one note indicating the DL may be affected due to SRS antenna switching if txSwitchImpactToRx is configured.
Proposal5: It is proposed to define the interruption requirements at SRS antenna switching only for FR1 unless the transient period in FR2 gets clarified in RF session.
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Text Proposals
Note: The downlink may be affected due to SRS antenna switching if txSwitchImpactToRx is configured
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