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Introduction
In RAN4#95-e meeting, the scope of the CSI-RS based measurement requirements were discussed and some general principles were agreed in [1]. In this contribution, we are discussing the CSI-RS based intra-frequency measurement requirements under existing agreements and assumptions.           
Discussion
Cell identification period
In last meeting, it was agreed to reuse the SSB-based cell identification period for detecting the associatedSSB. The open issue is whether to introduce 2 different requirements for with index and without index. As in Rel16, we agreed to define the requirements only when asssociatedSSB is configured and detected, the UE need to identify the new intra-frequency cell and acquire the index of associatedSSB thus TSSB_time_indexa shall be considered in the cell identification period. If more scenarios are studied in Rel17 not requiring the detection of the specific SSB index, the cell identification period without index can be further added. 
Proposal1: In Rel16, the CSI-RS based cell identification includes the period to acquire the index of associatedSSB.
· For both CSI-RS intra and inter-frequency measurement, CSI-RS based cell identification comprises associated SSB-based cell identification and CSI-RS based measurements period, where associated SSB-based cell identification is the same as the cell identification for SSB-based measurement.
· TPSS/SSS_sync  and TSSB_time_index can be reused for the case that cell search via SSB and PBCH decoding are needed, which are determined according to clause 9.2.5 for SSB based intra-frequency measurements, or clause 9.3.4 for SSB based inter-frequency measurement,
· If UE already detects the SSB of the target cell and deriveSSB-IndexFromCell is indicated, UE can skip PBCH decoding.
· FFS: whether to introduce 2 different requirements for with index and without index.
· For CSI-RS intra-frequency measurement, 
· T CSI-RS_identify_intra= (TPSS/SSS_sync + T CSI-RS_measurement_period_intra + TSSB_time_index) ms
· Reuse [5] samples for intra-frequency measurement period.
· For inter-frequency CSI-RS measurement, 
· T CSI-RS_identify_inter= (TPSS/SSS_sync + T CSI-RS_measurement_period_inter + TSSB_time_index) ms
· Reuse the values of SSB samples for inter-frequency measurement period.
· FFS: The tuning time of inter-frequency GAP of CSI-RS measurement shall be longer than to the gap switch time for measuring the inter-frequency SSBs.


Number of samples
The performance results for CSI-RS based measurement under {D=3 & 48PRB} and {D=1 & 96PRB} are provided in [2]. It shows the UE can achieve better accuracy than SSB-based measurements when 3 samples are averaged under -6dB SNR. Hence the CSI-RS based measurement period can be defined based on 3 samples for {D=3 & 48PRB} and {D=1 & 96PRB} given SNR = -6dB.
Proposal2: The CSI-RS based measurement period for intra-frequency measurement is defined based on 3 samples for {D=3 & 48PRB} and {D=1 & 96PRB} given SNR = -6dB. 
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Figure 1. Performance results for {D=3 & 48PRB} and {D=1 & 96PRB}
Time domain restriction of CSI-RS resource configuration
For SSB-based RRM measurements, a periodic SSB-based Measurement Time Configuration (SMTC) is defined so that the UE measures SSB within this time window. As defined in 3GPP TS 38.331 [3], the SMTC included in any MO with the same ssbFrequency has the same value. There was some discussion to define a similar measurement window for CSI-RS based measurements. However, different from SSBs which are transmitted at relatively aligned time locations, CSI-RS resources are transmitted in more flexible manner from respective neighbor cells. It is difficult to align the transmit timing of the CSI-RS resources to be measured from neighbor cells. In addition, such measurement window requires network signaling support, which shall be discussed and decided by RAN2. 
Proposal3: It is up to RAN2 to discuss whether CSI-RS based measurement window is required or not.    
In time domain, RAN1 also specifies the CSI-RS based RRM measurement behavior when DRX is configured in 3GPP TS 38.214 [4] as below. According to it, the UE only measures the CSI-RS resources during the active time.  In this sense, the CSI-RS based RRM measurement is at least restricted by DRX pattern in time domain. 
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. When the UE is configured to monitor DCI format 2_6, the UE is not required to perform measurements other than during the active time and during the timer duration indicated by drx-onDurationTimer 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. If the UE is configured with DRX and configured to monitor DCI format 2_6 and DRX cycle in use is larger than 80ms, the UE may not expect that the CSI-RS resources are available other than during the active time and during the time duration indicated by drx-onDurationTimer 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.

Proposal4: The CSI-RS based RRM measurement is at least restricted by DRX configuration in time domain. 
Scheduling restriction
Scheduling restriction
· FFS when UE is not able to support mixed numerology of data and CSI-RS L3 mobility, UE is not expected to transmit or receive on [2] data OFDM symbols impacted by CSI-RS resource symbols to be measured 
· FFS when UE performs CSI-RS intra-frequency measurements in a TDD band, UE is not expected to transmit or receive on [2] data OFDM symbols impacted by CSI-RS resource symbols to be measured 
· FFS when UE performs RX beam sweeping, UE is not expected to transmit or receive [1] data symbol before and after CSI-RS symbol to be measured due to Rx beam sweeping.
· For the collision case between L1 measurement of serving cell and CSI-RS L3 measurement of neighbour cell 
· Option 1: Do not define CSI-RS measurement requirements for the collision case.
· Option 2: Network should configure L1 measurement resource to avoid collision with CSI-RS L3 measurement resource of neighbour cell.


The scheduling restriction was discussed in last meeting, but not concluded due to the synchronization assumption. Based on the discussion in [5], for intra-frequency measurement, we assume the UE simultaneously processes the data and the CSI-RS resources to be measured within the single FFT. If the CSI-RS based measurement is configured with the same SCS as PDSCH/PDCCH, there are no scheduling restrictions. Otherwise, if the UE does not support concurrent CSI-RS measurements in neighbor cell and PDSCH/PDCCH reception in serving cell with a different numerology, the following restrictions shall apply and the UE capability shall be defined. 
  -	The UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/TRS/CSI-RS for CQI on the CSI-RS resource to be measured, and on 1 data symbol before each CSI-RS resource to be measured and 1 data symbol after each CSI-RS resource to be measured.
Proposal5: If the UE does not support concurrent CSI-RS measurements in neighbor cell and PDSCH/PDCCH reception in serving cell with a different numerology, the following restrictions shall apply and the UE capability shall be defined:
  -	The UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/TRS/CSI-RS for CQI on the CSI-RS resource to be measured, and on 1 data symbol before each CSI-RS resource to be measured and 1 data symbol after each CSI-RS resource to be measured.
Measurement restriction
In the measurement configuration, a UE may be configured with SSB-based L3 measurement via ssb-ConfigMobility and/ or CSI-RS based L3 measurement via CSI-RS-ConfigMobility. Additionally, SMTC1 needs to be configured if ssb-Cofigmobility or AssociatedSSB is configured. It is understood the associatedSSB shall be measured within SMTC1. In case the associatedSSB is not falling within the SMTC1, no requirements shall apply. 
MeasObjectNR ::=                    SEQUENCE {
    ssbFrequency                        ARFCN-ValueNR                                           OPTIONAL,   -- Cond SSBorAssociatedSSB
    ssbSubcarrierSpacing                SubcarrierSpacing                                       OPTIONAL,   -- Cond SSBorAssociatedSSB
    smtc1                               SSB-MTC                                                 OPTIONAL,   -- Cond SSBorAssociatedSSB
    smtc2                               SSB-MTC2                                                OPTIONAL,   -- Cond IntraFreqConnected
    refFreqCSI-RS                       ARFCN-ValueNR                                           OPTIONAL,   -- Cond CSI-RS

Proposal6: There is no requirement if the associatedSSB does not fall within the SMTC1.
There is another question if the CSI-RS based measurement is in the same OFDM symbol as the SSB-based measurement for the neighbor cell. In our view, same principle for the L1-RSRP measurements can be adopted. That is, 
· if SSB and CSI-RS have same SCS, the UE shall be able to measure the both without any restrictions.
· If SSB and CSI-RS have different SCS,  
· If UE supports simultaneousRxDataSSB-DiffNumerology, UE shall be able to measure both SSB and CSI-RS without any restriction;
· If UE does not support simultaneousRxDataSSB-DiffNumerology, UE is required to measure one of but not both SSB for L1-RSRP measurement and CSI-RS. Longer measurement period for SSB based L1-RSRP measurement is expected, and no requirements are defined.
Proposal7: If the CSI-RS based measurement is in the same OFDM symbol as the SSB-based measurement for the neighbor cell, the measurement restriction follows the same principle as defined for L1-RSRP measurements.  
For the collision case between L1 measurement of serving cell and CSI-RS L3 measurement of neighbour cell, the missing part is when SSB-based measurement in serving cell is in the same OFDM symbol as the CSI-RS based L3 measurement in neighbor cell. In this case, a separate UE capability shall be defined to indicate whether the UE supports the concurrent SSB-based measurements in serving cell and CSI-RS based measurements in neighbor cell. 
Proposal8: A separate UE capability shall be defined to indicate whether the UE supports the concurrent SSB-based measurements in serving cell and CSI-RS based measurements in neighbor cell.    
Preemption
In the RAN1 reply LS [6], it indicates there is no requirement for the UE to assume that CSI-RS transmission didn’t take place when pre-emption happens. This is conflicting with the RAN4 previous assumption. As the UE performing the CSI-RS based measurement is not aware of whether the CSI-RS resource is preempted in the neighbor cell, the measurement performance will be degraded in case pre-emption happens. RAN4 needs to discuss how to capture the impact due to preemption when defining the measurement requirements.   
Proposal9: RAN4 needs to discuss how to capture the impact due to preemption when defining the measurement requirements.   

According to RAN1 specifications, CSI-RS for L3 measurement is not excluded from pre-emption. It is RAN1 understanding that, as the UEs in neighbouring cells are not aware of the pre-emption, the UE should carry on measurements solely based on the configuration. There is no requirement for the UE to assume that CSI-RS transmission didn’t take place when pre-emption happens.
RAN1 understands that there could be performance degradation due to performing measurement on pre-empted CSI-RS, and it is up to the network to mitigate any resulting performance degradation.


Conclusion
This contribution discusses the measurement requirements for CSI-RS based RRM measurement with associatedSSB. The observations and proposals are summarized as below: 
Proposal1: In Rel16, the CSI-RS based cell identification includes the period to acquire the index of associatedSSB.
Proposal2: The CSI-RS based measurement period for intra-frequency measurement is defined based on 3 samples for {D=3 & 48PRB} and {D=1 & 96PRB} given SNR = -6dB. 
Proposal3: It is up to RAN2 to discuss whether CSI-RS based measurement window is required or not.    
Proposal4: The CSI-RS based RRM measurement is at least restricted by DRX configuration in time domain. 
Proposal5: If the UE does not support concurrent CSI-RS measurements in neighbor cell and PDSCH/PDCCH reception in serving cell with a different numerology, the following restrictions shall apply and the UE capability shall be defined:
  -	The UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/TRS/CSI-RS for CQI on the CSI-RS resource to be measured, and on 1 data symbol before each CSI-RS resource to be measured and 1 data symbol after each CSI-RS resource to be measured.
Proposal6: There is no requirement if the associatedSSB does not fall within the SMTC1.
Proposal7: If the CSI-RS based measurement is in the same OFDM symbol as the SSB-based measurement for the neighbor cell, the measurement restriction follows the same principle as defined for L1-RSRP measurements.  
Proposal8: A separate UE capability shall be defined to indicate whether the UE supports the concurrent SSB-based measurements in serving cell and CSI-RS based measurements in neighbor cell.    
Proposal9: RAN4 needs to discuss how to capture the impact due to preemption when defining the measurement requirements.   
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