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1. Introduction

The RRM requirements of CSI-RS based mobility measurement were discussed at last RAN4#94bis emeeting. The discussion progress is captured in [1]. This paper continue to provide the analysis on the CSI-RS based measurement requirement requirements and scheduling restriction.
2. Discussion
· CSI-RS based measurement requirements
The timing reference for CSI-RS mobility measurement is specified in RAN1 TS 38.214.

	If a UE is configured with the higher layer parameter CSI-RS-Resource-Mobility and the higher layer parameter associatedSSB is not configured, the UE shall perform measurements based on CSI-RS-Resource-Mobility and the UE may base the timing of the CSI-RS resource on the timing of the serving cell.
If a UE is configured with the higher layer parameters CSI-RS-Resource-Mobility and associatedSSB, the UE may base the timing of the CSI-RS resource on the timing of the cell given by the cellId of the CSI-RS resource configuration. Additionally, for a given CSI-RS resource, if the associated SS/PBCH block is configured but not detected by the UE, the UE is not required to monitor the corresponding CSI-RS resource. The higher layer parameter isQuasiColocated indicates whether the associated SS/PBCH block given by the associatedSSB and the CSI-RS resource(s) are quasi co-located with respect to ['QCL-TypeD']. 


· CSI-RS L3 measurement requirements when associatedSSB is not configured

In this case, the UE may base the timing of the CSI-RS resource on the timing of the serving cell. There are two cases:

1. refServCellIndex is indicated. The timing reference for CSI-RS resources without associatedSSB is based the indication of refServCellIndex (may indicate SCell).
2. refServCellIndex is absent. UE shall use the timing of the PCell for measurements on the CSI-RS resources without associatedSSB.
In this case, network shall guarantee that UE can use the serving cell (PCell or SCell) timing to measure CSI-RS resource transmitted by neighbour cells. In other words, the time difference between serving cell and neighbour shall be strictly synchronous. In practical deployment, if network without such strict synchronization configures CSI-RS based measurement without associatedSSB, the measurement performance will be seriously impacted. So we suggest that no requirements are specified if associatedSSB is not configured for CSI-RS.
Proposal 1: No requirements are specified if associatedSSB is not configured for CSI-RS.
· CSI-RS L3 measurement requirements when associatedSSB is configured

For a CSI-RS resource configured with associated SSB, UE should first try to detect the associated SSB to acquire the timing before measuring the CSI-RS resource.
In the previous meeting, we propose that the CSI-RS based cell identification requirement shall consider whether the MO includes the serving CSI-RS resource or not, since there is assumption in RAN1 that the absolute value of the time difference between radio frame i between any two cells, listed in the configuration with the higher layer parameter CSI-RS-CellMobility and with same refFreqCSI-RS, is less than 153600 Ts. The requirements shall be analysed case by case. However due to the limited time budget for CSI-RS WI, a simple and uniform definition principle for defining the requirements is preferred at current stage. So a trade-off for defining the requirement is provided in below.
· For intra-frequency CSI-RS measurement

-For FR1 FDD, UE needs to perform PSS/SSS detection, DMRS matching and PBCH decoding to acquire SFN, frame boundary timing, slot timing and symbol level timing of the target cell. After that UE performs the CSI-RS measurement.
-For FR1 TDD or FR2, it is assumed that deriveSSB-IndexFromCell is always enabled, then the information of SFN, frame, subframe and slot boundary are known to UE. UE needs to perform PSS/SSS detection to acquire symbol level timing of the associatedSSB. After the timing information is obtained, UE performs the CSI-RS measurement.

· For inter-frequency CSI-RS measurement
 -For FR1 TDD and FR2, the deriveSSB-IndexFromCell is only applied for the cells on the same frequency. For the inter-frequency CSI-RS measurement, UE shall perform PSS/SSS detection and PBCH decoding to get the full timing information of the associatedSSB.
Proposal 2: For intra-frequency CSI-RS measurement

-For FR1 FDD, UE needs to perform PSS/SSS detection, PBCH decoding and intra-frequency CSI-RS measurement.

-For FR1 TDD or FR2, UE needs to perform PSS/SSS detection and the intra-frequency CSI-RS measurement.

For inter-frequency CSI-RS measurement

-For FR1 FDD, UE needs to perform PSS/SSS detection, DMRS matching and PBCH decoding and inter-frequency CSI-RS measurement.

-For FR1 TDD and FR2, UE shall perform PSS/SSS detection, PBCH decoding and inter-frequency CSI-RS measurement.
· AGC adjustment

If UE needs to retune RF to an inter-frequency layer to perform measurement, the AGC adjustment time for CSI-RS needs to be added. The main contributor to the CSI-RS based measurement is PDSCH from neighbor cell. Then the received total power may dynamic change on the CSI-RS measurement bandwidth. 
Proposal 3: AGC adjustment time shall be considered when UE needs to retune RF to an inter-frequency layer to perform measurement.
· Scaling factor for Rx beam sweeping

When CSI-RS resource is configured with associated SSB, the CSI-RS resource and associatedSSB may or may not be QCL-ed depending on the configuration of isQuasiColocated. In the last meeting, the following progress was captured in the WF [1].
	Agreement:
· If the CSI-RS is QCL-ed to the associated SSB, no Rx sweeping is needed only after SSB has been detected. 
· If CSI-RS configured with associated SSB but not QCL-ed to the associated SSB, Rx sweeping is needed. 
· FFS on the scaling factor N =8. 
· For FR2, if the RX beam sweeping for QCL-ed associatedSSB is not finished, requirement should not be applied.


For the first bullet (i.e., If the CSI-RS is QCL-ed to the associated SSB), more detail shall be considered. As we know the CSI-RS-ResourceConfigMobility in one MO can include multiple CSI-RS resources from different cells. If the multiple CSI-RS resources from different cells are transmitted in the same OFDM symbols in one MO, and the CSI-RS resources are QCL-ed with different associated SSB, what is UE behaviour? One option is that UE needs to sweep Rx beam, and the corresponding measurement requirement shall scale the scaling factor. Alternative is to make some restriction that only CSI-RS resources from one cell is transmitted per OFDM symbols. Other options are not excluded. 
Proposal 4: The agreement ‘If the CSI-RS is QCL-ed to the associated SSB, no Rx sweeping is needed only after SSB has been detected’ shall be carefully analysed, especially in the case that the multiple CSI-RS resources from different cells are transmitted in the same OFDM symbols in one MO, and the CSI-RS resources are QCL-ed with different associated SSB.

· CSSF
If a UE is configured with both CSI-RS-Resource-Mobility and ssb-ConfigMobility in one MO, it shall be regarded as two type measurements, that is, one SSB based measurement and one CSI-RS based measurement. The CSSF calculation shall consider both SSB based MO and CSI-RS based MO. In detail, regarding CSSFoutside_gap, the SSB MOs and CSI-RS MOs shall compete searchers. Regarding CSSFwithingap, the SSB MOs and CSI-RS MOs shall compete the gap measurement opportunities. Of course, the SSB based measurement and CSI-RS based measurement in the same MO can be different measurement type (one is intra-f and the other is inter-f).
	ReferenceSignalConfig::=            SEQUENCE {

    ssb-ConfigMobility                  SSB-ConfigMobility                                              OPTIONAL,   -- Need M

    csi-rs-ResourceConfigMobility       SetupRelease { CSI-RS-ResourceConfigMobility }                  OPTIONAL    -- Need M

}


Proposal 5: If a UE is configured with both CSI-RS-Resource-Mobility and ssb-ConfigMobility in one MO, the CSSF calculation shall consider SSB MO and CSI-RS MO.

It shall be noted that the meassage of ssb-ConfigMobility is specified as below,
	SSB-ConfigMobility::=               SEQUENCE {

    ssb-ToMeasure                           SetupRelease { SSB-ToMeasure }                              OPTIONAL,   -- Need M

    deriveSSB-IndexFromCell             BOOLEAN,

    ss-RSSI-Measurement                         SS-RSSI-Measurement                                     OPTIONAL,   -- Need M

    ...

}


The associatedSSB of CSI-RS resources is defined as below,
	    associatedSSB                       SEQUENCE {

        ssb-Index                           SSB-Index,
        isQuasiColocated                    BOOLEAN

    }  


As it is agreed in RAN1 that if the UE cannot detect the SS/PBCH block indicated by this associatedSSB and cellId, the UE is not required to monitor that CSI-RS resource. In the case that the associatedSSB is not included in ssb-ToMeasure of SSB based measurement, it is hard for UE to detect the associatedssb. Thus we suggest that there is no requirements if associatedSSB is not included in ssb-ToMeasure in SSB-ConfigMobility in the same MO.
Proposal 6: There is no requirements if associatedSSB is not included in ssb-ToMeasure in SSB-ConfigMobility in the same MO.
· Requirement for scenarios

When the intra-f /inter-f CSI-RS definition is determined, the requirements for CSI-RS measurement can be categorized as below:

· Intra-frequency without gap

· Intra-frequency with gap

· Inter-frequency without gap

· Inter-frequency with gap

 As SSB based measurements have defined a full set of above four scenarios, the framework of SSB based measurement requirements can be regarded as a starting point to define the CSI-RS based measurement.

Proposal 7: The requirements for CSI-RS based measurement can consider a full set of the following scenarios:

· Intra-frequency without gap

· Intra-frequency with gap

· Inter-frequency without gap

· Inter-frequency with gap

· Measurement gaps

It is discussed in the last meeting,
	· The principle for gap-needed or gapless

· Option 1: The UE will need GAPs for CSI-RS L3 measurements if

· The SCS of CSI-RS is different from active BWP [if UE is not capable of mixed numerology 
· The CSI-RS is not fully confined within the active BWP

· The CP of cells to be measured is different from that of active BWP (60 kHz SCS only)

· FFS : The tuning time for CSI-RS based measurements that are outside UE’s active BWP will be same as that for BWP switch.


If UE is not capable of mixed numerology and the SCS of CSI-RS is different from active BWP, the scheduling restriction shall be considered.  The gap is not needed. Thus the principle for gap can be described as below,
· The UE will need GAPs for CSI-RS L3 measurements if

· The CSI-RS is not fully confined within the active BWP

· The CP of cells to be measured is different from that of active BWP (60 kHz SCS only)

Proposal 8: The UE will need GAPs for CSI-RS L3 measurements if

•
The CSI-RS is not fully confined within the active BWP

•
The CP of cells to be measured is different from that of active BWP (60 kHz SCS only)
When the CSI-RS is not fully confined within the active BWP, the measurement gap is required. Some company think the herein retuning time is the same as BWP switching due to the single FFT implementation. Some company think this case is the same as gap retuning, then the retuning time is 0.5ms. As a trade-off, the retuning time can be defined as a UE capability.
Proposal 9: The tuning time for CSI-RS based measurements that are outside UE’s active BWP can be defined as a UE capability.
· Scheduling restriction

Network can indicate SCS for CSI-RS resource for mobility. In other word, the SCS of CSI-RS resource for mobility can be different with the serving cell PDSCH/PDCCH. If UE is not able to support mixed numerology of data and CSI-RS L3 mobility, scheduling restriction shall be considered. Supporting mixed numerology of data and CSI-RS L3 mobility is a new capability. If the associatedSSB is configured, UE performs CSI-RS measurement based on the timing of the target cell which can be misaligned with the serving cell timing. Then UE is not expected to transmit or receive on 2 data OFDM symbols impacted by CSI-RS resource symbol to be measured.
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Figure 1. Scheduling restriction when associatedSSB is configured
Proposal 10: If UE is not able to support mixed numerology of data and CSI-RS L3 mobility, if the associatedSSB is configured, UE is not expected to transmit or receive on 2 data OFDM symbols impacted by CSI-RS resource symbol to be measured.

In the last meeting, the simultaneous reception of CSI-RS of neighbour cell and SSB of serving cell was discussed as well. In our understanding, if UE can perform CSI-RS based measurement independently with SSB based measurement, no scheduling restriction shall be configured.

Proposal 11: If UE can perform CSI-RS based measurement independently with SSB based measurement, no scheduling restriction shall be configured.
Similar as SSB measurement, the scheduling restriction shall be considered when UE performs CSI-RS intra-frequency measurements in a TDD band. The timing limitation on two TDD cells is 3us which is larger than CP length for large SCS. Thus UE is not expected to transmit and receive on 2 data OFDM symbols impacted by CSI-RS resource symbol to be measured.
Proposal 12: When UE performs CSI-RS intra-frequency measurements in a TDD band, UE is not expected to transmit and receive on 2 data OFDM symbols impacted by CSI-RS resource symbol to be measured.

As discussed above UE may sweep Rx beam on FR2 (or FR1), the scheduling restriction shall be considered when UE performs RX beam sweeping.
Proposal 13: Scheduling restriction shall be considered when UE performs RX beam sweeping.
3. Conclusions

This contribution provides the discussion on CSI-RS based measurement requirements. The proposals are provided as below:
Proposal 1: No requirements are specified if associatedSSB is not configured for CSI-RS.
Proposal 2: For intra-frequency CSI-RS measurement

-For FR1 FDD, UE needs to perform PSS/SSS detection, PBCH decoding and intra-frequency CSI-RS measurement.

-For FR1 TDD or FR2, UE needs to perform PSS/SSS detection and the intra-frequency CSI-RS measurement.

For inter-frequency CSI-RS measurement

-For FR1 FDD, UE needs to perform PSS/SSS detection, DMRS matching and PBCH decoding and inter-frequency CSI-RS measurement.

-For FR1 TDD and FR2, UE shall perform PSS/SSS detection, PBCH decoding and inter-frequency CSI-RS measurement.

Proposal 3: AGC adjustment time shall be considered when UE needs to retune RF to an inter-frequency layer to perform measurement.
Proposal 4: The agreement ‘If the CSI-RS is QCL-ed to the associated SSB, no Rx sweeping is needed only after SSB has been detected’ shall be carefully analysed, especially in the case that the multiple CSI-RS resources from different cells are transmitted in the same OFDM symbols in one MO, and the CSI-RS resources are QCL-ed with different associated SSB.

Proposal 5: If a UE is configured with both CSI-RS-Resource-Mobility and ssb-ConfigMobility in one MO, the CSSF calculation shall consider SSB MO and CSI-RS MO.

Proposal 6: There is no requirements if associatedSSB is not included in ssb-ToMeasure in SSB-ConfigMobility in the same MO.
Proposal 7: The requirements for CSI-RS based measurement can consider a full set of the following scenarios:

· Intra-frequency without gap

· Intra-frequency with gap

· Inter-frequency without gap

· Inter-frequency with gap

Proposal 8: The UE will need GAPs for CSI-RS L3 measurements if

•
The CSI-RS is not fully confined within the active BWP

•
The CP of cells to be measured is different from that of active BWP (60 kHz SCS only)

Proposal 9: The tuning time for CSI-RS based measurements that are outside UE’s active BWP can be defined as a UE capability.

Proposal 10: If UE is not able to support mixed numerology of data and CSI-RS L3 mobility, if the associatedSSB is configured, UE is not expected to transmit or receive on 2 data OFDM symbols impacted by CSI-RS resource symbol to be measured.

Proposal 11: If UE can perform CSI-RS based measurement independently with SSB based measurement, no scheduling restriction shall be configured.
Proposal 12: When UE performs CSI-RS intra-frequency measurements in a TDD band, UE is not expected to transmit and receive on 2 data OFDM symbols impacted by CSI-RS resource symbol to be measured.

Proposal 13: Scheduling restriction shall be considered when UE performs RX beam sweeping.
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