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1. Introduction

One issue raised in last meeting that a UL spatial relation switch could also change the pathloss RS. A WF [1] captured some progress however no conclusion was achieved. This contribution provides analysis on this issue.
2. Discussion
In RAN2 PUCCH-SpatialRelationInfo is designed to configure the spatial relation for PUCCH transmission and the parameters for PUCCH power control. The corresponding signalling are duplicated as below.
	–
PUCCH-SpatialRelationInfo
The IE PUCCH-SpatialRelationInfo is used to configure the spatial setting for PUCCH transmission and the parameters for PUCCH power control, see TS 38.213, [13], clause 9.2.2.

PUCCH-SpatialRelationInfo information element

-- ASN1START

-- TAG-PUCCH-SPATIALRELATIONINFO-START

PUCCH-SpatialRelationInfo ::=           SEQUENCE {

    pucch-SpatialRelationInfoId         PUCCH-SpatialRelationInfoId,

    servingCellId                           ServCellIndex                                                    OPTIONAL,   -- Need S

    referenceSignal                         CHOICE {

        ssb-Index                               SSB-Index,

        csi-RS-Index                            NZP-CSI-RS-ResourceId,

        srs                                     PUCCH-SRS

    },

    pucch-PathlossReferenceRS-Id            PUCCH-PathlossReferenceRS-Id,

    p0-PUCCH-Id                             P0-PUCCH-Id,

    closedLoopIndex                         ENUMERATED { i0, i1 }

}




	PUCCH-PathlossReferenceRS-r16 ::=                   SEQUENCE {

    pucch-PathlossReferenceRS-Id-r16                    PUCCH-PathlossReferenceRS-Id-v1610,

    referenceSignal-r16                                 CHOICE {

        ssb-Index-r16                                       SSB-Index,

        csi-RS-Index-r16                                    NZP-CSI-RS-ResourceId

    }


In RAN4, the requirements for uplink spatial relation for transmission are already specified. However PL-RS change is not considered. Thus the requirements of considering PL-RS switching were identified and discussed at last RAN4 meeting. Two options were proposed in [1].
	· Delay requirements for MAC–CE based UL spatial relation switch for PUCCH

· Option 1: Refer to section 8.14 for additional delay due to PL-RS switch in UL spatial relation switch

· Option 1a: Refer to section 8.14 for additional delay due to PL-RS switch in UL spatial relation switch for known PL-RS

· Option 2: Longer delay is expected when PL-RS and DL-RS in the UL spatial relation are changed simultaneously




In our understanding, there are two cases to be analyzed.

· Case 1: Only pucch-PathlossReferenceRS is changed in PUCCH-SpatialRelationInfo
The requirements of PL-RS switching delay are already defined in clause 8.14 in existing specification. This part was introduced during the discussion of eMIMO WI. In order to avoid sweeping DL beam and extending the switching delay, the requirements are only defined for known case. Longer application time is expected if the pathloss reference signal is unknown. 
· Case 2: Both pucch-SpatialRelation for transmission and pucch-PathlossReferenceRS are changed in PUCCH-SpatialRelationInfo
When both pucch-SpatialRelation for transmission and pucch-PathlossReferenceRS are changed simultaneously in PUCCH-SpatialRelationInfo, Option 1 implicitly means that the uplink beam switching and PL-RS changing are performed in serial. However how UE performs uplink beam switching and power control highly depends on UE implementation. In the same SpatialRelationInfo signalling the associated DL-RS and PL-RS can be different. UE switches the uplink beam based on DL-RS and calculates pathloss RSRP based on PL-RS. They are two independent procedures. With various implementations, additional process time may be requested between two procedures, or maybe uplink spatial switching and pathloss RSRP evaluation may be performed in parallel. Therefore in order not to restrict UE behaviour and to leave room for implementation freedom, we suggest to use option 2- Longer delay is expected, to define this case.
In addition as discussed in case 1, longer application time is expected if the pathloss reference signal is unknown. So when PL-RS is unknown in case 2, the definition of option 1 has no explicit requirement either. To some extent, option 1 is the same as option 2 when PL-RS is unknown.
Proposal: PL-RS switching delay is defined as:
· If Only pucch-PathlossReferenceRS is changed in PUCCH-SpatialRelationInfo, refer to section 8.14
· If both pucch-SpatialRelation for transmission and pucch-PathlossReferenceRS are changed in PUCCH-SpatialRelationInfo, longer delay is expected.
3. Conclusion
This contribution provides the analysis on the PL-RS switching delay in uplink spatial relation. The below proposal is proposed:

Proposal: PL-RS switching delay is defined as:

· If Only pucch-PathlossReferenceRS is changed in PUCCH-SpatialRelationInfo, refer to section 8.14
· If both pucch-SpatialRelation for transmission and pucch-PathlossReferenceRS are changed in PUCCH-SpatialRelationInfo, longer delay is expected.
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