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Introduction
This paper is a re-submission of [1] with additional comments on CSI-RS for NR mobility to address following topics raised in the WFs [2,3] from 94-e.
· CSI-RS configurations for measurement requirement
· Definition of intra and inter-frequency CSI-RS measurement
· UE capability and requirements
It was agreed that RAN4 will firstly address defining requirements for the case where all CSI-RS resources in the MO have the same center frequency, BW, SCS and CP. In this contribution, we want to re-iterate our view on the above open items and share further observations.
Discussion
CSI-RS configuration for measurement requirement
In WF[2], several options were listed for the CSI-RS configuration.
	· Option 1: {D=3 with PRBs ≥ 48};
· Option 2: {D=3 with PRBs ≥ 48} and {D=1 with PRBs ≥ 96};
· Option 3: CSI-RS REs ≥ 96
· Other option is not precluded


As was discussed during defining RAN4 requirements for RLM and BFD/BFR, CSI-RS with density 1 does not result in good accuracy especially in fading channels. Also, to keep the specification simple, we would only want to define requirements for only one set of CSI-RS configurations which is the option 1. 
Proposal 1: RAN4 to define requirements for CSI-RS based measurements for the following configuration only:  48 PRB’s and density D =3. 
MO configuration and intra/inter- frequency CSI-RS measurement definition
There are two cases of MO configurations in WF [2] depending on whether the CSI-RS resources in the same MO can have the difference BWs. If proposal 1 is agreed, case 1 that “all CSI-RS resources in the same MO have the same center frequency, BW, SCS, CP type configured” shall be adopted accordingly.
For CSI-RS based measurements the UE can measure the neighbor cells simultaneously with serving cell, if the neighbor cell CSI-RS has the same SCS as serving cell and is contained within the bandwidth of CSI-RS from serving cell. In addition, for 60 kHz SCS, the CP for serving and neighbor cell needs to be the same. However, since these measurements are being done for mobility purposes, the UE should measure the same BW from serving and neighbor cell. This means that for intra-frequency measurements the BW and center frequency of CSI-RS for source and target cells need to be the same. Note that since the serving cell CSI-RS need to be within the active BWP, intra-frequency measurements will not need a gap. However, note that GAP based CSI-RS measurement can be expensive due to retuning procedures.
Proposal 2: All CSI-RS resources in the same MO have the same center frequency, BW, SCS, CP type configured
Proposal 2a: CSI-RS measurements to be considered intra-frequency if the CSI-RS of neighbor cell has the same frequency, bandwidth, SCS and CP duration as that of serving cell and the CSI-RS lies within the active BWP. 
Proposal 2b: All CSI-RS measurements that don’t fall under proposal 2a are considered inter-frequency. 
CSI-RS measurement capability and requirements
Since CSI-RS alone does not warrant the identification of a new cell, the overall preference on the CSI-RS measurement capability is to maintain the SSB association indicated in the same MO. Rooting in this observation, it is natural to discuss the capability per MO instead of per frequency layer. Further we have following proposals.
Observation1: when a CSI-RS resource does not have an associated SSB for measuring a neighbour cell, UE measurement accuracy is affected by how well the neighbor cells are synchronized with the serving cell. 
Proposal 3: Requirements shall be defined when CSI-RS is configured with an associated SSB. 
Proposal 3a: Number of monitored cells is determined by the UE capability based on SSB based measurements.
[bookmark: _GoBack]Proposal 3b: “The total number of CSI resources that UE can monitor should come from the UE capability maxNumberCSI-RS-RRM-RS-SINR.” [3]
Furthermore, the processing requirements at the UE are completely different if the CSI-RSs from all the neighbor cells to be measured fall within the same receiver FFT window or not. Since the main use case for CSI-RS seems to be measuring cells or TxRPs that are in the immediate vicinity of the UE, the requirements should be limited to the case in which the UE uses a single receive window. 
Proposal 4: Performance requirements should also be defined based the assumption that UE uses a single FFT window for processing all CSI-RSs on a single frequency layer. 
The definition of performance requirements should assume a single receive window. If any of the CSI-RSs fall outside of the window by a small margin, there could be some degradation to the measurement accuracy. 
If the above proposal cannot be agreed, alternatively, there could be different capabilities and requirements for UEs that can process signals with larger receive time difference vs. UEs that only have a single receive window.
GAP requirement for inter-frequency CSI-RS measurements
With the above definition of the inter-frequency measurements, GAPs will be needed when the CSI-RS SCS is different from the active BWP or CSI-RS is not fully contained within the active BWP of the UE. 
Proposal 5: The UE will need GAPs for CSI-RS L3 measurements if
· The SCS of CSI-RS is different from active BWP
· 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)
One difference between gaps for SSB based measurements and CSI-RS based measurements would be the time needed for the UE to tune for measurements and tune back. In SSB based measurements the UE just needs to tune its RF to capture samples for searcher. The searcher can then process the samples in offline or online manner. However, for CSI-RS based measurements, not only the RF needs to be re-tuned, but the baseband DL data path will need to be re-programmed too. As such the tune times here will be closer to what BWP switch requires rather than the 500 us assumed for SSB based measurements. 
Proposal 6: The tuning time for CSI-RS based measurements that are outside UE’s active BWP will be same as that for BWP switch.  
Conclusions
To summarize our proposals for CSI-RS L3 measurements, 
Proposal 1: RAN4 to define requirements for CSI-RS based measurements for the following configuration only:  48 PRB’s and density D =3. 
Proposal 2: All CSI-RS resources in the same MO have the same center frequency, BW, SCS, CP type configured
Proposal 2a: CSI-RS measurements to be considered intra-frequency if the CSI-RS of neighbor cell has the same frequency, bandwidth, SCS and CP duration as that of serving cell and the CSI-RS lies within the active BWP. 
Proposal 2b: All CSI-RS measurements that don’t fall under proposal 2a are considered inter-frequency. 
Proposal 3: Requirements shall be defined when CSI-RS is configured with an associated SSB within the MO. 
Proposal 3a: Number of monitored cells is determined by the UE capability based on SSB based measurements.
Proposal 3b: “The total number of CSI resources that UE can monitor should come from the UE capability maxNumberCSI-RS-RRM-RS-SINR.” [3]
Proposal 4: Performance requirements should also be defined based the assumption that UE uses a single FFT window for processing all CSI-RSs on a single frequency layer. 
Proposal 5: The UE will need GAPs for CSI-RS L3 measurements if
· The SCS of CSI-RS is different from active BWP
· 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 6: The tuning time for CSI-RS based measurements that are outside UE’s active BWP will be same as that for BWP switch.  
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