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Introduction
In RAN4#99-e meeting, the requirements at SRS antenna port switching were further discussed and the following were agreed in [1]. However, there is little progress on the interruption requirements due to diverged views from companies. In this paper we continue the discussion starting from potential scenarios of SRS antenna switching. Afterwards we clarify the UE behavior based on existing specifications and discuss how to define the interruption requirements due to SRS antenna port switching. 
           · LTE SRS antenna port switching is out of scope of this R17 FeRRM WI, and no need to discuss.  
· No impact to NR measurement requirements relevant to measurements based on SSB/CSI-RS due to NR SRS antenna switching, as NR measurements are always prioritized.
· The above-mentioned NR measurement requirements includes serving/neighboring cell L3 measurement requirements 
· FFS on L1-RSRP/L1-SINR and RLM/BFD/CBD measurement requirements
· In EN-DC and NE-DC operation, when NR SRS antenna switching colliding with E-UTRA measurement
· Interruptions on E-UTRA measurement in the interrupted carrier group are allowed due to NR SRS antenna switching, but NOT allowed due to NR SRS antenna switching for the carriers not in the interrupted carrier group. 
· Additional delay can be expected on E-UTRA measurement in the interrupted carrier group when UE is configured to perform NR SRS antenna switching. 
· NR SRS antenna switching is allowed to be dropped when colliding with E-UTRA measurement in the interrupted carrier group.
· No need to consider impact to timing requirements (non-positioning related) for SRS antenna switching.
· The impact of SRS antenna switching on positioning related measurement will not be discussed in this Rel-17 FeRRM.
· use same set of requirements for different SRS antenna switch patterns.



Applicable Scenarios
In last meeting, we brought the potential scenarios of SRS antenna switching into discussion [2]. Some companies think this depends on if slot-level or symbol-level interruption requirements shall be defined. But in our views, the methodology should be derived from the exact length of interruption before concluding if it can be rounded to slot-level. The scenarios shall be discussed firstly in order to identify the components of the interruption.     
The principles of switching the SRS transmission over respective antenna ports are specified in 3GPP TS 38.214 section 6.2.1.2 [3]. In particular, a guard period of Y symbols is defined, in which the UE does not transmit any other signal as cited below. However, the guard period is conditionally 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. In order to identify the requirements applicability, the respective scenarios are illustrated in Fig.1 based on the SRS resource configuration (taking 1T2R as example).   
Issue 1-1-2: RAN4 requirement scope with different SRS resource configuration
· FFS:
· Option 1 (Nokia, Ericsson): 
· RAN4 shall define the requirements for the following scenarios in Rel17 where
· The SRS resources of a set are transmitted NOT in the same slot, or 
· The SRS resources of a set are transmitted in the same slot with consecutive SRS transmission
· RAN4 do not define the requirements if the SRS resources of a set are transmitted in the same slot with non-consecutive SRS transmission, before the guard period gets clarified in RAN1 in this scenario.  


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
· 

In Fig.1(a), the SRS resources of a set are not configured in a slot. According to RAN1, the guard period does not apply in this scenario. The RAN4 requirements shall be defined for this scenario but not considering the guard period in RAN1.
Observation #1:  For the scenario in Fig.1 (a), the guard period defined in RAN1 does not apply and shall not be taken into account when defining the requirements.
In Fig.1 (b), the SRS resources of a set are configured in a slot and the UE is expected to perform SRS antenna switching in consecutive manner. The SRS resources in a slot are therefore separated by exactly the minimum guard period. In this case, the UE is supposed to transmit SRS on different ports consecutively, and the minimum guard period e.g. one OFDM symbol in FR1, is used for switching the antenna to the other ports. The UE behavior is clear in RAN1 specification and the requirements shall be defined for the scenario in Fig.1(b) taking into account the guard period in-between the SRS resources. 
Observation #2: For the scenario in Fig.1 (b), RAN4 requirements shall be defined taking into account the guard period in-between the SRS resources.
In Fig.1(c), the SRS resources of a set in a slot may also be configured being separated by a number of OFDM symbols more than the guard period of Y symbols, e.g. three OFDMs symbols in-between the SRS resources. While such SRS resource configuration is possible in current spec, we understood it is not stated which of the three OFDM symbols is considered as the guard period, assuming the guard period is of Y symbol as defined in RAN1. But some UE vendors had a different view that all the OFDM symbols “in-between” the SRS resources can be counted within the guard period; hence the length of guard period may be extended to more than Y symbols up to the SRS configuration. As SRS antenna switching is being discussed in Rel17 FeMIMO WI in RAN1 concerning this scenario, we may not be able to define the requirements before it gets clarified in RAN1. Therefore, we propose not defining the requirements before the guard period in this scenario gets clarified in RAN1. If there is strong view to study the scenario in Rel17, we need send LS asking for RAN1 clarification on the guard period in this scenario.
Observation #3: For the scenario in Fig.1 (c), RAN4 requirements shall be not defined before the guard period gets clarified in RAN1.


(a) The SRS resources of a set are transmitted NOT in the same slot


(b) The SRS resources of a set are transmitted in the same slot - Consecutive transmission


(c) The SRS resources of a set are transmitted in the same slot – non-Consecutive transmission
Figure 1. Respective scenarios of SRS resources of a set at SRS antenna switching
Given the above observations, it is proposed to define the RAN4 requirements starting from the scenarios in Fig.1 (a) and (b) in Rel17. If RAN4 concludes to also define the requirements for scenario in Fig. 1(c), we need to send LS to RAN1 asking for the clarification on the guard period.  
Proposal #1: RAN4 shall define the requirements for the following scenarios in Rel17 where
· The SRS resources of a set are transmitted NOT in the same slot, or 
· The SRS resources of a set are transmitted in the same slot with consecutive SRS transmission
Proposal #2: RAN4 do not define the requirements if the SRS resources of a set are transmitted in the same slot with non-consecutive SRS transmission, before the guard period in this scenario gets clarified in RAN1.  
Interruption requirements
In RAN4#99-e meeting, the applicability of the interruption was discussed and the below options are on the table. Based on the definition of srs-TxSwitch in UE capability, the IEs txSwitchImpactToRx and txSwitchWithAnotherBand indicate the SRS switching impact to DL and UL respectively. If a band is indicated in txSwitchWithAnotherBand and not in the txSwitchImpactToRx, the UE is not allowed to transmit any other UL signals on this band but the DL reception may still be possible. It would be inefficient to apply the interruption on both DL and UL to all the indicated band entries and this is against the original intention of introducing two separate IEs. We believe the DL and UL interruption shall be defined separately on different groups of victim cells based on txSwitchImpactToRx and txSwitchWithAnotherBand.
   Issue 1-3-1: Interruption requirement applicability
· Option 1 (CATT, QC, MTK, Apple, LG, Intel,): SRS antenna switching interruptions on both DL and UL applies to the band combinations signaled in txSwitchImpactToRx or txSwitchWithAnotherBand.
· Option 2 (HW, vivo, Xiaomi, Nokia): txSwitchImpactToRx indicates the SRS antenna port switching impact to DL only, and txSwitchWithAnotherBand indicates the SRS antenna port switching impact to UL only.


-	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.
Proposal #3: The DL and UL interruption shall be defined separately on different groups of victim cells based on the indication of txSwitchImpactToRx and txSwitchWithAnotherBand.
In the following we are discussing how to determine the interruption length in above scenarios. When the SRS resources of a set are not configured in a slot, as in Fig.1 (a), the interruption may comprise the SRS transmission period and the transient period before or after or both before and after each SRS transmission. 
[bookmark: _Hlk79053728]According to TS 38.101, it specifies single SRS, consecutive SRS and PUSCH-PUCCH/PUSCH-SRS time masks where a 15us transient period is assumed for case where SRS resources are transmitted from different antennas, otherwise 10 us is assumed. In the worst case, the transient period of 15us consumes nearly one OFDM symbol i.e. 17.84us in case of 60kHz SCS. For this particular case only, 38101-1 allows one symbol to be blanked. While at 15kHz or 30kHz SCS, the requirement is 15 us and RF requirements do not allow to have the whole one symbol to be blanked. More specifically, the said one symbol duration excluding 15 us of transient period due to SRS Tx antenna switch is considered ON power where RF is ready. Hence, the UE shall have an ability to meet Tx requirements before and after 15 us due to SRS Tx antennas switching. The above transient period applies to all the transmit CCs in CA with the CC sounding SRS. 
From RRM point of view, the transient period is expected to cause UL interruption of 1 OFDM symbol at 60kHz SCS. But for 15kHz and 30kHz SCS, it is uncertain if the OFDM symbol before and after the SRS transmission resource can still be assumed available for transmission/reception.  RAN4 should discuss if and how to capture the transient periods from RF session in the RRM specifications. 
Observation #4: One OFDM symbol is allowed to be blanked due to transient period only in case of 60kHz SCS.
[bookmark: _Hlk79054042]Proposal #4: The transient period before and after the SRS resource will cause UL interruption of 1 OFDM symbol at 60kHz. At 15kHz or 30kHz SCS, RAN4 should discuss if and how to capture the transient periods from RF session in the RRM specifications.


Figure 2 Uplink interruption when the SRS resources of a set are not configured in a slot
Another aspect which may cause interruption is the SRS transmission as in Fig.2. Based on the rules cited from TS 38.214 as below, an interruption on the uplink transmission on the other carriers shall be defined if simultaneous SRS and PUCCH/PUSCH transmissions are not supported by the UE. Therefore, the UE is allowed an uplink interruption on any of the active serving cells, if simultaneous SRS and PUCCH/PUSCH transmissions are not supported by the UE, where the uplink interruption comprises at least the SRS transmission period.   
Proposal #5: The SRS transmission will cause UL interruption on the other carriers if simultaneous SRS and PUCCH/PUSCH transmissions are not supported by the UE. 
Proposal #6: When the SRS resources of a set are not configured in a slot, the UE is allowed an uplink interruption on any of the active serving cells if simultaneous SRS and PUCCH/PUSCH transmissions are not supported by the UE, where the uplink interruption comprises at least the SRS transmission period.  
In case of intra-band carrier aggregation or in inter-band CA band combination if simultaneous SRS and PUCCH/PUSCH transmissions are not supported by UE, the UE is not expected to be configured with SRS from a carrier and PUSCH/UL DM-RS/UL PT-RS/PUCCH formats from a different carrier in the same symbol.
In case of intra-band carrier aggregation or in inter-band CA band combination if simultaneous SRS and PRACH transmissions are not supported by UE, the UE shall not transmit simultaneously SRS resource(s) from a carrier and PRACH from a different carrier. 


When the SRS resources of a set are configured in a slot with consecutive SRS transmission, as in Fig.1 (b), there is a guard period of Y symbols in-between the SRS resources. As the UE does not transmit any other signals within the guard period as defined by RAN1, the interruption would occur during both the SRS transmission periods and the guard period. There was also proposal to take into account the transient periods before the first SRS transmission and after the last SRS transmission in one slot. As discussed in proposal#4, the interruption to UL transmission is expected due to transient period only at 60kHz SCS.    
Therefore, in the scenario as in Fig1(b), the UE is allowed an uplink interruption on any of the active serving cells, if simultaneous SRS and PUCCH/PUSCH transmissions are not supported by the UE as in Fig.3. And the uplink interruption comprises at least the SRS transmission periods and the guard period in-between the SRS resources in a slot.
Proposal #7: When the SRS resources of a set are configured in a slot with consecutive SRS transmission, the UE is allowed an uplink interruption on any of the active serving cells if simultaneous SRS and PUCCH/PUSCH transmissions are not supported by the UE, where the uplink interruption comprises at least the SRS transmission periods and the guard period in-between.


Figure 3 Uplink interruption when the SRS resources of a set are configured in a slot with consecutive Tx
In both scenarios, the transient periods may cause interruption due to antenna switching, however, the exact position of transient period depends on where the UE switches the antenna port, which may or may not happen on the OFDM symbols adjacent to the SRS resources. The position of the transient period needs to be clarified before defining the interruption and/or the scheduling restriction in RRM session.  
Proposal #8: The position of the transient period needs to be clarified before defining the interruption and/or the scheduling restriction in RRM spec. 
In addition to the uplink interruption as discussed above, 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. 
Proposal #9: 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.



Conclusion
This contribution discussed the applicable scenarios of SRS antenna switching and the interruption requirements in respective scenarios. The observations and proposals are summarized as below:   
Observation #1:  For the scenario in Fig.1 (a), the guard period defined in RAN1 does not apply and shall not be taken into account when defining the requirements.
Observation #2: For the scenario in Fig.1 (b), RAN4 requirements shall be defined taking into account the guard period in-between the SRS resources.
Observation #3: For the scenario in Fig.1 (c), RAN4 requirements shall be not defined before the guard period gets clarified in RAN1.
Proposal #1: RAN4 shall define the requirements for the following scenarios in Rel17 where
· The SRS resources of a set are transmitted NOT in the same slot, or 
· The SRS resources of a set are transmitted in the same slot with consecutive SRS transmission
Proposal #2: RAN4 do not define the requirements if the SRS resources of a set are transmitted in the same slot with non-consecutive SRS transmission, before the guard period in this scenario gets clarified in RAN1.  
Proposal #3: The DL and UL interruption shall be defined separately on different groups of victim cells based on the indication of txSwitchImpactToRx and txSwitchWithAnotherBand.
Observation #4: One OFDM symbol is allowed to be blanked due to transient period only in case of 60kHz SCS.
Proposal #4: The transient period before and after the SRS resource will cause UL interruption of 1 OFDM symbol at 60kHz. At 15kHz or 30kHz SCS, RAN4 should discuss if and how to capture the transient periods from RF session in the RRM specifications.
Proposal #5: The SRS transmission will cause UL interruption on the other carriers if simultaneous SRS and PUCCH/PUSCH transmissions are not supported by the UE. 
Proposal #6: When the SRS resources of a set are not configured in a slot, the UE is allowed an uplink interruption on any of the active serving cells if simultaneous SRS and PUCCH/PUSCH transmissions are not supported by the UE, where the uplink interruption comprises at least the SRS transmission period.  
Proposal #7: When the SRS resources of a set are configured in a slot with consecutive SRS transmission, the UE is allowed an uplink interruption on any of the active serving cells if simultaneous SRS and PUCCH/PUSCH transmissions are not supported by the UE, where the uplink interruption comprises at least the SRS transmission periods and the guard period in-between.
Proposal #8: The position of the transient period needs to be clarified before defining the interruption and/or the scheduling restriction in RRM spec. 
Proposal #9: Add one note indicating the DL may be affected due to SRS antenna switching if txSwitchImpactToRx is configured.
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Text Proposals
Note: The downlink may be affected due to SRS antenna switching if txSwitchImpactToRx is configured

image1.wmf
m


oleObject1.bin

image2.wmf
[kHz]

 

15

2

×

=

D

m

f


oleObject2.bin

oleObject3.bin

oleObject4.bin

image3.emf
SRS

#1

Slot

SRS

#2

Slot


Microsoft_Visio_Drawing.vsdx
SRS#1





Slot
SRS#2





Slot



image4.emf
SRS

#1

SRS

#2

Slot

Guard 

Period


Microsoft_Visio_Drawing1.vsdx
SRS#1



SRS#2

Slot
Guard Period



image5.emf
SRS

#1

SRS

#2

Slot

Guard Period?


Microsoft_Visio_Drawing2.vsdx
SRS#1



SRS#2

Slot
Guard Period?



image6.emf
SRS

#1

Slot

Slot

Aggressor CC

Victim CC


Microsoft_Visio_Drawing3.vsdx
SRS#1





Slot






Slot
Aggressor CC
Victim CC



image7.emf
SRS

#1

SRS

#2

Slot

Guard 

Period

Slot

Aggressor CC

Victim CC


Microsoft_Visio_Drawing4.vsdx
SRS#1



SRS#2

Slot
Guard Period






Slot
Aggressor CC
Victim CC



