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Introduction
During RAN#84 meeting, a new Work Item (WI) was approved to specify the RRM requirements for CSI-RS based L3 measurement with the objectives as listed below [1]. In this contribution, we are discussing the measurement bandwidth and some other RRM requirements for CSI-RS based L3 measurements based on the simulation results.  
           This new WID proposed to specify RRM requirements for CSI-RS based L3 measurements with the following aspects,
· Assumptions on Synchronization 
· Single FFT is assumed for multiple cell measurements per frequency layer for both intra- and inter-frequency measurements.  
· Measurement bandwidth of CSI-RS for the minimum requirements
· CSI-RS based intra-frequency and inter-frequency definition 
· Intra-frequency and inter-frequency measurement requirements 
· Evaluate and specify CSI-RS based L3 measurement accuracy
· Introduce new UE measurement capability, including number of frequency layer and number of cells etc., for CSI-RS based measurement 

RRM requirements for CSI-RS based measurements 
Number of cells and number of CSI-RS resources
[bookmark: _Hlk20768592]During RAN4#90bis meeting, RAN2 send a LS to RAN1/RAN4 asking for the clarification on the maximum number of CSI-RS resource restriction per frequency layer [2]. In the reply LS [3], RAN1 aligned with RAN2 that frequency layer for CSI-RS mobility resources is measurement object (MO), and that RAN1 restricted the number of CSI-RS resources per MO as below to ensure UE complexity for performing CSI-RS measurements is not over-burdened. From RAN4 point of view, it is proposed to define the RRM requirements per measurement object instead of frequency layer, in alignment with RAN1/RAN2, and adopt the RAN1 decision on the number of CSI-RS resources per MO. 
A UE configured with the higher layer parameters CSI-RS-Resource-Mobility may expect to be configured
-	with no more than 96 CSI-RS resources per higher layer parameter MeasObjectNR when all CSI-RS resources configured by the same higher layer parameter MeasObjectNR have been configured with associatedSSB, or, 
 -	with no more than 64 CSI-RS resources per higher layer parameter MeasObjectNR when all CSI-RS resources have been configured without associatedSSB or when only some of the CSI-RS resources have been configured with associatedSSB by the same higher layer parameter MeasObjectNR
-	For frequency range 1 the associatedSSB is optionally present for each CSI-RS resource

Proposal1: The number of cells shall be defined per measurement object instead of frequency layer. 
Proposal2: The number of CSI-RS resources per MO should be restricted to 96/64 as defined by RAN1 below. 
According to the CSI-RS measurement configuration framework in [4], the RAN2 signaling allows up to 96 cells being indicated in one CSI-RS MO, and each cell can be associated with up to 96 CSI-RS resources (i.e. in principle a total of 9216 CSI-RS resources per MO). As RAN1 has restricted the overall number of CSI-RS resources per MO to 96/64, the number of cells that the UE is able to measure shall be no higher than the value. RAN4 should discuss the UE capability and determines the number of cells and the number of CSI-RS resources that a UE shall at least be able to measure. 
Proposal3: RAN4 should discuss the UE capability and determines the number of cells and the number of CSI-RS resources that a UE shall at least be able to measure.
Measurement bandwidth 
According to the CSI-RS measurement configuration in [5], each MO may contain an CSI-RS-ResourceConfigMobility which includes one or more (up to 96) CSI-RS-CellMobility configurations for same or different cells (PhyCellId). Each CSI-RS-CellMobility includes a CSI-RS measurement bandwidth csi-rs-MeasurementBW, and a list of CSI-RS resources CSI-RS-Resource-Mobility to be measured. The bandwidth can be configured ranging from 24PRBs up to 264PRBs, as cited below. In general, the measurement bandwidth as a side condition for CSI-RS based measurement accuracy shall be no smaller than 24PRBs. A higher measurement bandwidth leads to a better accuracy as more CSI-RS resources are supposed to be measured, however, it is at the cost of higher power consumption and more scheduling restriction to the UE.
CSI-RS-CellMobility ::=             SEQUENCE {
    cellId                              PhysCellId,
    csi-rs-MeasurementBW                SEQUENCE {
        nrofPRBs                        ENUMERATED { size24, size48, size96, size192, size264},
        startPRB                        INTEGER(0..2169)
    },
    density                             ENUMERATED {d1,d3}               OPTIONAL,   -- Need R
    csi-rs-ResourceList-Mobility        SEQUENCE (SIZE (1..maxNrofCSI-RS-ResourcesRRM)) OF CSI-RS-Resource-Mobility
}


The performance of CSI-RS based intra-frequency measurement has been evaluated in terms of different measurement bandwidth and the initial results have been captured in [5]. As shown in Fig.1, the measurement accuracy up to 4.6dB is observed in case of 24PRBs with 3 samples. Considering 48PRBs are assumed as the side condition for the CSI-RS based L1-RSRP measurement, it is suggested to adopt the same value for the CSI-RS based intra-frequency RRM measurement to achieve an acceptable accuracy. 
Proposal4: It is proposed to adopt 48PRBs as the measurement bandwidth for CSI-RS based intra-frequency measurement. 
[image: ]
Figure 1 CSI-RS based intra-frequency measurement accuracy for 24 PRB (left) vs. 48 PRB (right)
Side conditions 
From the simulation, a better measurement performance can be observed by increasing the number of samples. For instance, the accuracy value is improved from 3.5dB with one sample to 2.3dB with 3 samples, and then to 1.9dB with 5 samples, assuming 30kHZ SCS at AWGN channel. However, the increase step of the performance when increasing the number of samples is getting smaller. The most significant accuracy improvement is found when the measurement is adjusted from 1 sample to 3 samples. In addition, -6dB is always assumed for L3 measurement for mobility. Considering the 48PRBs measurement bandwidth, it is proposed to adopt 3 samples and SNR=-6dB as side condition for the CSI-RS based intra-frequency measurement. 
Proposal4: It is proposed to adopt 3 samples and -6dB SNR for the CSI-RS based intra-frequency measurement. 
Conclusion
This contribution discussed the RRM requirements for the CSI-RS based intra-frequency measurement. The observations and proposals are summarized as below: 
Proposal1: The number of cells shall be defined per measurement object instead of frequency layer. 
Proposal2: The number of CSI-RS resources per MO should be restricted to 96/64 as defined by RAN1 below. 
Proposal3: RAN4 should discuss the UE capability and determines the number of cells and the number of CSI-RS resources that a UE shall at least be able to measure.
Proposal4: It is proposed to adopt 3 samples and -6dB SNR for the CSI-RS based intra-frequency measurement. 
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