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1	Introduction 
In RAN4#93 and RAN4#94e, different options of the definition of CSI-RS intra- and inter-frequency MO were discussed. In general, the following metric compared between serving and target frequency layers are used to classify a target frequency layer as intra-frequency or inter-frequency.
· SCS of CSI-RS 
· Center frequency of CSI-RS 
· Bandwidth of CSI-RS
On top of that, whether or not CSI-RS resource are contained within UE active BWP is another consideration. In this paper, further analysis is provided on the potential way to specify the definition of CSI-RS based measurements. 
Meanwhile, the CSI-RS resources configuration impacts on measurement gap configuration and scheduling restriction are also discussed. A SMTC-liked solution for CSI-RS measurement is investigated.
3	Definition of CSI-RS based Intra- and inter-frequency Measurements
As illustrated in Figure 1 [1], the commonality between Option 1 and 2 is CSI-RS resources in both target and serving cells are within the active BWP and have the same SCS. The only difference is about the center frequency. 
	Option 1: same center frequency, SCS and within active BWP

 
	 Option 2: different center frequency, SCS and within active BWP





The question then becomes if the center frequency of Cell2 CSI-RS resource will result in the different L3 measurement requirements. Based on our analysis, Cell2 CSI-RS L3 measurement requirements should be the same in both Option 1 and 2. Therefore, there is no obvious motivation to differentiate inter- and intra-frequency based on center frequency for CSI-RS L3 measurement.  With this, it is proposed that 
Proposal 1: 
· When the SCS of CSI-RS on serving cell and target cell is the same and the CSI-RS resource of the target cell is fully contained within the active BWP of the serving cell, the corresponding CSI-RS L3 measurement is defined as intra-frequency measurement without gap.  
· When the SCS of CSI-RS on serving cell and target cell is NOT the same or the CSI-RS resource of the target cell is NOT fully contained within the active BWP of the serving cell, the corresponding CSI-RS L3 measurement is defined as inter-frequency measurement.  
3	Impact of CSI-RS resources configuration on measurement gap and scheduling restriction 
In TS38.331, CSI-RS resource configurations are specified as following
· Per CSI-RS measurement object (MO) for mobility, there can be
· a single and fixed center frequency
· a single and fixed SCS
· multiple cells with different PCI
· each PCI can be independently configured with a fixed bandwidth in terms of number of PRB (e.g. size24, size48, size96, size192, size264)
· each PCI can be independently configured with a fixed CSI-RS density (e.g. d1, d3)
· Up to X CSI-RS resources per PCI can be configured, X is up to maxNrofCSI-RS-ResourcesRRM
· each CSI-RS resource can be independently configured with 
· Different CSI-RS index
· Different periodicity and offset (4ms, 5ms, 10ms, 20ms, 40ms)
· Different associated SSB and QCL type
· Different time/frequency domain location within the slot
· Different scrambling ID
Obviously, existing configuration is too flexible such that CSI-RS resources with different PCI and MO can be configured at any slot. In this case, it is challenging to use single measurement gap configuration to cover gap based CSI-RS resources and SMTC measurements. For gapless intra-frequency and inter-frequency measurement, this flexible configuration will result in too many scheduling restrictions which can significantly degrade both DL and UL performance. Scheduling restriction happens outside of measurement gap when UE cannot support mixed numerologies in both FR1 and FR2. In FR2, scheduling restriction is generally assumed for all L3 measurements including CSI-RS based ones.
For SSB based measurement, a concept of SMTC is introduced to conquer the aforementioned challenges. More specifically, up to 2 SMTC periodicity per intra-frequency layer and up to 1 SMTC periodicity per inter-frequency layer can nicely restrict all SSB to be measured within a limited window for all frequency layers. The related Tput impacts due to measurement gap and scheduling restriction become manageable. 
Similar as SSB based measurement, CSI-RS resources configuration should be also restricted. With this, it is proposed to introduce SMTC-liked CSI-RS Measurement Timing Configuration (CMTC). Only within CMTC window duration, CSI-RS resources can be configured. The principle for SMTC configurations can be reused. With this, it is proposed
Proposal 2: Introduce CSI-RS Measurement Timing Configuration (CMTC).
· All CSI-RS resources for L3 measurement should be configured within CMTC window
· CMTC window duration is TBD: considering CSI-RS periodicity is between 4ms and 40ms, the CMTC window should be less than 5ms.
· Up to 2 CMTC periodicities can be configured per CSI-RS intra-frequency layer
· Up to 1 CMTC periodicity can be configured per CSI-RS inter-frequency layer

To further simply the discussion in Rel-16, the following restriction on how CSI-RS resources can be configured is proposed
Proposal 3: Further restriction on CSI-RS MO configuration for mobility in Rel-16 include
· A fixed channel bandwidth per MO should be configured
· Up to 2 CSI-RS resources periodicities can be configured per intra-frequency MO
· Up to 1 CSI-RS resource periodicity can be configured per inter-frequency MO
5 Conclusion
In this contribution, the definition of CSI-RS based intra- and inter-frequency measurement are analysed. It is proposed that 
Proposal 1: 
· When the SCS of CSI-RS on serving cell and target cell is the same and the CSI-RS resource of the target cell is fully contained within the active BWP of the serving cell, the corresponding CSI-RS L3 measurement is defined as intra-frequency measurement without gap.  
· When the SCS of CSI-RS on serving cell and target cell is NOT the same or the CSI-RS resource of the target cell is fully contained within the active BWP of the serving cell, the corresponding CSI-RS L3 measurement is defined as inter-frequency measurement.  

Proposal 2: Introduce CSI-RS Measurement Timing Configuration (CMTC).
· All CSI-RS resources for L3 meaurement should be configured within CMTC window
· CMTC window duration: considering CSI-RS periodicity is up to 40ms, the CMTC window should be less than 5ms.
· Up to 2 CMTC periodicities can be configured per CSI-RS intra-frequency layer
· Up to 1 CMTC periodicity can be configured per CSI-RS inter-frequency layer
Proposal 3: Further restriction on CSI-RS MO configuration for mobility in Rel-16 include
· A fixed channel bandwidth per MO should be configured
· Up to 2 CSI-RS resources periodicities can be configured per intra-frequency MO
· Up to 1 CSI-RS resource periodicity can be configured per inter-frequency MO
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