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1. Introduction
In RAN4#94-e meeting, RAN4 had some initial discussion on CSI-RS measurement requirements in [1], e.g. measurement delay requirement for associated/non-associated SSB case, CSSF, scheduling restriction and CSI-RS resources outside of DRX/MG duration. In this contribution, we provide some further discussion on these issues for CSI-RS based measurement requirements, and give our proposals.
2. Discussion
CSI-RS based measurement delay requirement
CSI-RS resources can be configured by network for mobility purpose, and UE shall be able to perform CSI-RSRP/CSI-RSRQ/CSI-SINR measurements on configured CSI-RS resource(s). According to TS38.214, CSI-RS resources for mobility can be configured with or without associated SSB. We think the CSI-RS measurement delay requirement should be defined based on both associated SSB case and non-associated SSB case. According to my understanding, in synchronous network deployment, it would be more efficient to configure non-associated SSB to UE to perform CSI-RS measurement, since UE is not required to perform cell detection on neighbour cell. 
Proposal 1: The CSI-RS measurement delay requirements shall be defined for both associated SSB case and non-associated SSB case.
As discussed in [2], for CSI-RS based measurement requirement, if the definition of CSI-RS based intra-frequency measurement is defined based on the centre frequency of CSI-RS, we can prioritize to define intra-frequency measurement requirement without gap and inter-frequency measurement requirement with gap in Rel-16.
Proposal 2: For CSI-RS based measurement requirement, the following scenarios are prioritized to be defined in Rel-16: 
· Intra-frequency measurement without gap
· Inter-frequency measurement with gap
If associated SSB is not configured for CSI-RS resources, UE will assume the neighbour cell is synchronized to the serving cell, and there is no need for UE to be configured with the associated SSB information to obtain the timing of the neighbour cell. Thus, with such configuration, UE in not required to perform cell detection prior to the CSI-RS based measurement. Hence, the CSI-RS identification delay requirement can be expressed as: TCSI-RS_identification_without_associatedSSB = TCSI-RS_measurement_period.
Proposal 3: If associated SSB is not configured for CSI-RS resources, the CSI-RS identification time can be expressed as: TCSI-RS_identification_without_associatedSSB = TCSI-RS_measurement_period.
If associated SSB is configured for CSI-RS resources, UE is assumed that the timing of the neighbour cell is not synchronized to the serving cell, and UE needs first detect the associated SSB to get the timing of the neighbour cell before measuring the target CSI-RS resource. In addition, according to 38.331, as the network will configure the associated SSB index to UE, UE is not required to read SSB index. However, UE needs to perform cell identification prior to the CSI-RS based measurement if the target cell is the first time to measure and the cell is detectable. Hence, the CSI-RS identification time can be expressed as: TCSI-RS_identification_with_associatedSSB = TPSS/SSS_sync + TCSI-RS_measurement_period.
CSI-RS-Resource-Mobility ::=        SEQUENCE {
    csi-RS-Index                        CSI-RS-Index,
    slotConfig                          CHOICE {
        ms4                                 INTEGER (0..31),
        ms5                                 INTEGER (0..39),
        ms10                                INTEGER (0..79),
        ms20                                INTEGER (0..159),
        ms40                                INTEGER (0..319)
    },
    associatedSSB                       SEQUENCE {
        ssb-Index                           SSB-Index,
        isQuasiColocated                    BOOLEAN
    }
Proposal 4: If associated SSB is configured for CSI-RS resources, the CSI-RS identification time can be expressed as: TCSI-RS_identification_with_associatedSSB = TPSS/SSS_sync + TCSI-RS_measurement_period.

Scaling factor for RX beam sweeping
In case that CSI-RS resource is configured with associated SSB, network will configured the QCL information between the configured CSI-RS resources and the associated SSB.
When the configured CSI-RS resource is QCLed to the associated SSB, UE would use the same Rx beam selected for SSB measurement to perform CSI-RS based measurement in FR2. And the CSI-RS based measurement period does not need to consider the scaling factor due to Rx beam sweeping. Otherwise, the scaling factor due to Rx beam sweeping shall be considered.
Proposal 5: If the CSI-RS resource is configured with associated SSB and QCL-ed to the associated SSB, no Rx sweeping is needed only after SSB has been detected.

Scheduling restriction
For SSB-based measurement, the scheduling restriction was introduced for the following cases:
1. Mix-numerology between data and SSB symbols
2. RX beam sweeping in FR2
3. Collision between UL transmission and DL measurement for TDD carrier
For case 1, the UE capability of SimultaneousRxDataSSB-DiffNumerology was introduced to indicate whether UE support to receive simultaneous data on serving cell and SSB of neighbour cell. Similarity, the UE capability of simultaneous reception of CSI-RS of neighbour cell and SSB of serving cell can be introduced for CSI-RS measurement. If UE supports to receive simultaneous CSI-RS of neighbour cell and SSB of serving cell, the CSI-RS based measurement with different SCS could be performed without scheduling restriction. If UE does not support to receive simultaneous data or SSB of serving cell and CSI-RS signal of neighbour cell, as illustrated in figure 1, UE will prioritize to perform CSI-RS based measurement on neighbour cell and the requirements of scheduling restriction is applied to the mixed numerology between data/SSB of serving cell and CSI-RS of neighbour cell.


Figure 1: Mixed numerology case
Proposal 6: It is proposed to introduce the UE capability to indicate the simultaneous reception of CSI-RS of neighbour cell and SSB of serving cell.
For case 2, if UE needs a different Rx beam other than the Rx beam used for serving cell reception to perform CSI-RS measurement on neighbour cell, and the requirement of scheduling restriction specified for SSB measurement in FR2 will be reused for CSI-RS based measurement in FR2.
For case 3, in case there is the collision between UL transmission and neighbour cell measurement, according to my understanding, the same principle defined for SSB based measurement shall be reused, in other word, UE will prioritize to perform CSI-RS based neighbour cell measurement other than UL transmission.
According to the analysis for case 1-3, the scheduling restriction for all these cases shall be considered in CSI-RS based measurement.
Proposal 7: the scheduling restriction for CSI-RS based measurement shall be introduced for the following cases:
1. Mix-numerology between data/SSB of serving cell and CSI-RS of neighbour cell
2. RX beam sweeping in FR2
3. Collision between UL transmission and DL measurement for TDD carrier

CSSF
For SSB based measurement, 2 searchers are assumed for UE to perform SSB based intra-frequency measurement, where one dedicated searcher is used for NR PCell (SA) or NR PSCell (NSA) measurements and an additional searcher shared among SCells. And the scaling factor CSSF was introduced for the measurement conducted outside measurement gap and within measurement gap, respectively. 
For CSI-RS based measurement, if UE is implemented with additional dedicated searcher used for CSI-RS measurement, there is no impact on existing CSSF value defined for SSB based measurement. Otherwise, the CSI-RS based measurements should be shared with the SSB based measurement on SCells, and the CSSF factor for FR1/FR2 SCC should be updated by considering the CSI-RS based intra-frequency and inter-frequency measurement within gap and outside gap respectively. 
Proposal 8: If additional dedicated searcher is assumed for CSI-RS measurement, no impact on existing CSSF defined for SSB based measurement specified in 38.133. Otherwise, the CSSFs for FR1/FR2 SCC shall be updated by considering the CSI-RS based intra-frequency and inter-frequency measurement without gap and within gap respectively.
CSI-RS resources outside of DRX/MG duration
According to TS38.214, it has been agreed the following UE measurement behaviour restriction for CSI-RS based measurement.
	If the UE is configured with DRX, the UE is not required to perform measurement of CSI-RS resources other than during the active time for measurements based on CSI-RS-Resource-Mobility. 
If the UE is configured with DRX and DRX cycle in use is larger than 80 ms, the UE may not expect CSI-RS resources are available other than during the active time for measurements based on CSI-RS-Resource-Mobility. Otherwise, the UE may assume CSI-RS are available for measurements based on CSI-RS-Resource-Mobility.


In DRX mode, UE is not required to perform measurement of CSI-RS resources outside of the active time of DRX cycle. And if the DRX cycle is larger than 80ms, UE may not expect CSI-RS resources are available other than during the active time for measurement. We think there is the similar case when UE is configured with measurement gap to perform CSI-RS based measurement on neighbour cell, since the maximum length of measurement gap is 6ms, however the CSI-RS resources can be randomly configured during the period, thus, not all the CSI-RS resources can be within the measurement gap. 
Hence, we think the network should not randomly configure the parameter “slotConfigs” for CSI-RS based measurement for neighbour cells, the CSI-RS resource configuration needs to carefully match the DRX configuration or measurement gap configuration. For requirement side, we think the following options can be considered to define the corresponding requirements:
· Option 1: UE is allowed not to measure the CSI-RS resources that are not within DRX on-duration or measurement gap;
· Option 2: No UE performance requirement is defined for the CSI-RS resources that are not within DRX on-duration or measurement gap;
· Option 3: the network needs to make sure the configured CSI-RS resources falls within the configured measurement gaps
Proposal 9: For CSI-RS based measurement, the following options can be considered to define the corresponding requirements:
· Option 1: UE is allowed not to measure the CSI-RS resources that are not within DRX on-duration or measurement gap;
· Option 2: No UE performance requirement is defined for the CSI-RS resources that are not within DRX on-duration or measurement gap;
· Option 3: the network needs to make sure the configured CSI-RS resources falls within the configured measurement gaps
3. Conclusion
In this contribution, we further discussed the CSI-RS based measurement requirements, and give our proposal as follows.
Proposal 1: The CSI-RS measurement delay requirements shall be defined for both associated SSB case and non-associated SSB case.
Proposal 2: For CSI-RS based measurement requirement, the following scenarios are prioritized to be defined in Rel-16: 
· Intra-frequency measurement without gap
· Inter-frequency measurement with gap
Proposal 3: If associated SSB is not configured for CSI-RS resources, the CSI-RS identification time can be expressed as: TCSI-RS_identification_without_associatedSSB = TCSI-RS_measurement_period.
Proposal 4: If associated SSB is configured for CSI-RS resources, the CSI-RS identification time can be expressed as: TCSI-RS_identification_with_associatedSSB = TPSS/SSS_sync + TCSI-RS_measurement_period.
Proposal 5: If the CSI-RS resource is configured with associated SSB and QCL-ed to the associated SSB, no Rx sweeping is needed only after SSB has been detected.
Proposal 6: It is proposed to introduce the UE capability to indicate the simultaneous reception of CSI-RS of neighbour cell and SSB of serving cell.
Proposal 7: the scheduling restriction for CSI-RS based measurement shall be introduced for the following cases:
1. Mix-numerology between data/SSB of serving cell and CSI-RS of neighbour cell
2. RX beam sweeping in FR2
3. Collision between UL transmission and DL measurement for TDD carrier
Proposal 8: If additional dedicated searcher is assumed for CSI-RS measurement, no impact on existing CSSF defined for SSB based measurement specified in 38.133. Otherwise, the CSSFs for FR1/FR2 SCC shall be updated by considering the CSI-RS based intra-frequency and inter-frequency measurement without gap and within gap respectively.
Proposal 9: For CSI-RS based measurement, the following options can be considered to define the corresponding requirements:
· Option 1: UE is allowed not to measure the CSI-RS resources that are not within DRX on-duration or measurement gap;
· Option 2: No UE performance requirement is defined for the CSI-RS resources that are not within DRX on-duration or measurement gap;
· Option 3: the network needs to make sure the configured CSI-RS resources falls within the configured measurement gaps
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