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1 Introduction
A WI [1] was agreed to start discussing the requirement of CSI-RS based L3 measurement. One very first step is to first specify the definitions for intra and inter frequency. In this paper, we express our view on this issue. 
2 Discussion
The definition of intra and inter frequency is essentially important. The challenges in this CSI-RS L3 measurement is that CSI-RS can be configured in a far more flexible way than SSB. For examples, the CSI-RS resources in the same MO can start from different PRBs with different occupied BWs. They can (partially) overlap the active BWP or even overlap with the CSI-RS configured in other MO. The timing configuration is also flexible that each CSI-RS resource can have its own periodicity and offset, which follows the time reference of a different target cell. Even within the same MO, some CSI-RS could be fully-overlapped by gap, some are fully non-overlapped by gap and the rest are partially-overlapped by gap. Without a good definition of intra and inter frequency, RAN4 could end up with a huge number of scenarios to be addressed in the spec. A good definition should help reduce the number of scenarios to be address in the spec and reduce UE’s scheduling complexity.
[bookmark: _Ref20510222]Observation 1: CSI-RS configuration for mobility can be far more flexible than SSB. A good definition of intra and inter frequency should help reduce the number of scenarios to be address in the spec and reduce UE’s scheduling complexity.

When CSI-RS was designed in RAN1, it was not targeting for any cell detection purposes. In other words, UE needs to first identify the cell based SSB to guarantee this cell is closed enough to UE. Then UE performs measurement on that CSI-RS of the nearby cell. UE should not naively measure every CSI-RS configured by the network without checking if the cell is nearby or not. This is a waste of UE’s computation power, and the usefulness of the results are also doubtful. In other words, SSB-based cell detection is still required for CSI-RS based L3 measurement. 
[bookmark: _Ref20510223]Observation 2: SSB-based cell detection is still required for CSI-RS based L3 measurement. 
	
In current TS38.133, SSB-based L3 measurement requirements are already specified. RAN4 has spent roughly 1.5 year to make the current spec stable and precise. Even without considering CSI-RS based L3 measurement, the SSB-only requirements are already very complicated due to the need to address issues like
· SSB within the active BWP or not
· SMTC is fully-overlapped, fully-non-overlapped or partially overlapped by MG
· smtc1 and smtc2
· Interaction with RLM/BFD/CBD/L1-RSRP in FR2
· Interaction with other measurements like SFTD and RSTD
· Mix-numerology between SSB and data
· UE’s searcher complexity
[bookmark: _Ref20510225]Observation 3: The current spec with only SSB-based L3 measurement requirements is already very complicated. 

Based on above observations, our suggestion is that the definition of intra and inter frequency for CSI-RS based L3 measurement should align with SSB as much as possible. So that the requirements for CSI-RS based L3 measurement can hugely re-use what were already specified for SSB-based requirements. With this guidance, we can minimize the extra work to be done in RAN4 and hopefully finish this WI on schedule. Otherwise, RAN4 will end up with not only introducing the CSI-RS requirements (redo all the discussions we done for SSB), but also spending a huge amount of time handling the interaction between CSI-RS and SSB based requirements. For an example, how to define the CSSF value for an MO with the SMTC occasion fully non-overlapped by gap, but the CSI-RS configuration is fully-overlapped by MO. 
[bookmark: _Ref20503435][bookmark: _Ref20510229]Proposal 1: The definition of intra and inter for CSI-RS based L3 measurement should align with SSB as much as possible.

Keeping Proposal 1 in mind, we provide our suggestion on how to define the intra and inter frequency for CSI-RS based L3 measurement. We explain our idea through frequency domain and time domain.
· Frequency domain: 
· The CSI-RS based L3 measurement is considered as intra-frequency if 
· the CSI-RS resource is configured within the same MO with an intra-frequency SSB, and
· all CSI-RS resources contain a common subset of consecutive [48] PRBs that cover the SSB within the same MO. 
· The CSI-RS based L3 measurement is considered as inter-frequency if 
· the CSI-RS resource is configured within the same MO with an inter-frequency SSB, and
· all CSI-RS resources contain a common subset of consecutive [48] PRBs that cover the SSB within the same MO. 
Figure 1 provides some examples. We also suggest that there is no requirements for CSI-RS #5, #6 and #7. The basic idea is to first check the SSB within the same MO. If the SSB is an intra-frequency SSB, then the MO is an intra-frequency MO and the CSI-RS resources within this MO are either intra-frequency or no requirement. Similarly, if the SSB is an inter-frequency SSB, then the MO is an inter-frequency MO and the CSI-RS resources within this MO are either inter-frequency or no requirement. The number 48 could be further revised based on the conclusion of measurement bandwidth. If only CSI-RS is configured in the MO without any SSB, we suggest that there is no requirement for this MO. Note that whether the measurements can be done with gap or without gap is a separate discussion.

[image: ]
[bookmark: _Ref20504976]Figure 1. Some examples for how to determine intra or inter frequency for CSI-RS based L3 measurement in frequency domain. 
The intention of above definition in frequency domain is to allow UE to use one single measurement bandwidth for both SSB and all CSI-RS based measurement. We try to avoid the case that UE is mandated to measure the CSI-RS resources from different MOs at the same time when they are overlapping in frequency, as well as the case that UE needs to use a very wide bandwidth to measure all the CSI-RS configurations within the same MO. These will further complicates UE’s scheduling and increase UE’s measurement complexity. Furthermore, we prefer to make the definition of intra or inter frequency the same for both SSB and CSI-RS in the same MO. This will make the discussion of UE measurement capability simple. 
[bookmark: _Ref20510231]Proposal 2: The intra and inter frequency definition of SSB ad CSI-RS measurements in the same MO should be the same. 

· Time domain:
· The CSI-RS based L3 measurement is considered as intra-frequency if 
· the CSI-RS resource is configured within the same MO with an intra-frequency SSB, and
· the CSI-RS resource is within every SMTC occasion of the same MO. 
· The CSI-RS based L3 measurement is considered as inter-frequency if 
· the CSI-RS resource is configured within the same MO with an inter-frequency SSB, and
· the CSI-RS resource is within every SMTC occasions of the same MO. 
The intention of such a restriction is to avoid re-opening the discussions on whether the CSI-RS is fully-overlapping, fully non-overlapping and partial overlapping with gap. In other words, the UE behavior for CSI-RS measurement can be exactly the same as SSB measurement. Therefore, it is very likely that we can directly re-use the CSSFs defined for SSB in CSI-RS based L3 measurement without creating new terminologies in spec. At the same time, UE’s scheduling for SSB can be directly applied for CSI-RS. 
In Figure 2, we provide the examples for different CSI-RS configurations which are within the same MO with the SMTC. If all 3 CSI-RS are treated as intra-frequency, then how to derive the CSSF value for this carrier would be very complicated because SSB and CSI-RS #1 are partially overlapped with gap, CSI-RS #2 is fully non-overlapped with gap and CSI-RS #3 is fully overlapped with gap.  
Another benefit of keeping CSI-RS within SMTC is in FR2, where the scheduling restriction needs to be considered for all L3 measurements because UE is allowed to use rough beam. Allocating L3 CSI-RS outside of SMTC will lead to additional scheduling restriction which degrades the throughput of the system.
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[bookmark: _Ref20509255]Figure 2. Some examples for how to determine intra or inter frequency for CSI-RS based L3 measurement in time domain.  

Besides the concern from frequency and time domain, the SCS is also one thing that needs to be handled carefully. In current TS38.331, the CSI-RS in MO can be configured with its own SCS, which can be different to SSB or PDCCH/PDSCH. For intra-frequency layers, it is important to keep the SCS of CSI-RS the same as active BWP, because there is no any UE capability to further differentiate whether UE is about to handle mix-numerology between CSI-RS and data. In other words, if the CSI-RS has a different SCS to data, then certainly the measurement to this CSI-RS should be inter-frequency. 
[bookmark: _Ref20832123]Observation 4: There is no any UE capability to further differentiate whether UE is able to handle mix-numerology between CSI-RS and data.

Furthermore, we also noticed that in TS38.331 there is a signaling call servingCellMO, which is used to indicate whether the MO is a serving cell MO. The definition of intra-frequency should also consider this signaling to avoid contradiction between RAN2 and RAN4 specs. The field description is captured below. To make it easier for reading, we reconstruct the structure into bullets. In our understanding, if the MO is indicated as a serving cell MO, then this MO is also an intra-frequency MO. Therefore, for the CSI-RS resource to be considered as an intra-frequency measurement, servingCellMO should also be indicated in the same MO with the conditions in TS38.331 fulfilled.
[bookmark: _Ref20644401]Proposal 3: To avoid contradiction between RAN2 and RAN4 specs, the definition servingCellMO needs to be considered in the definition of intra and inter frequency.
	servingCellMO
measObjectId of the MeasObjectNR in MeasConfig which is associated to the serving cell. For this MeasObjectNR, the following relationship applies between this MeasObjectNR and frequencyInfoDL in ServingCellConfigCommon of the serving cell: 
· if ssbFrequency is configured, 
· its value is the same as the absoluteFrequencySSB and 
· if csi-rs-ResourceConfigMobility is configured, 
· the value of its subcarrierSpacing is present in one entry of the scs-SpecificCarrierList, 
· csi-RS-CellListMobility includes an entry corresponding to the serving cell (with cellId equal to physCellId in ServingCellConfigCommon) and 
· the frequency range indicated by the csi-rs-MeasurementBW of the entry in csi-RS-CellListMobility is included in the frequency range indicated by in the entry of the scs-SpecificCarrierList. 



Based on above discussion, we have the following definition of intra and inter frequency CSI-RS based L3 measurement.
· The CSI-RS based L3 measurement is intra-frequency if 
· the MO configuring the CSI-RS resources is indicated as a serving cell MO
· the SCS of the CSI-RS resource is the same as the SCS of the active BWP
· the CSI-RS resource is configured within the same MO with an intra-frequency SSB
· in frequency domain all CSI-RS resources contain a common subset of consecutive [48] PRBs that cover the SSB within the same MO, and
· in time domain the CSI-RS resource is within every SMTC occasion of the same MO
· The CSI-RS based L3 measurement is inter-frequency if 
· the MO configuring the CSI-RS resources is not indicated as a serving cell MO the CSI-RS resource is configured within the same MO with an inter-frequency SSB
· in frequency domain all CSI-RS resources contain a common subset of consecutive [48] PRBs that cover the SSB within the same MO, and
· in time domain the CSI-RS resource is within every SMTC occasion of the same MO
[bookmark: _Ref20510233]Proposal 4: The CSI-RS based L3 measurement is intra-frequency if 
· the MO configuring the CSI-RS resources is indicated as a serving cell MO 
· the SCS of the CSI-RS resource is the same as the SCS of the active BWP
· the CSI-RS resource is configured within the same MO with an intra-frequency SSB
· in frequency domain all CSI-RS resources contain a common subset of consecutive [48] PRBs that cover the SSB within the same MO, and
· in time domain the CSI-RS resource is within every SMTC occasion of the same MO.
[bookmark: _Ref20510283]Proposal 5: The CSI-RS based L3 measurement is inter-frequency if 
· the MO configuring the CSI-RS resources is not indicated as a serving cell MO
· the CSI-RS resource is configured within the same MO with an inter-frequency SSB
· in frequency domain all CSI-RS resources contain a common subset of consecutive [48] PRBs that cover the SSB within the same MO, and 
· in time domain the CSI-RS resource is within every SMTC occasion of the same MO
3 Summary
In this paper, we provide our view on the issue of intra and inter frequency definition for CSI-RS based L3 measurement. We have the following observations and proposals:
Observation 1: CSI-RS configuration for mobility can be far more flexible than SSB. A good definition of intra and inter frequency should help reduce the number of scenarios to be address in the spec and reduce UE’s scheduling complexity.
Observation 2: SSB-based cell detection is still required for CSI-RS based L3 measurement.
Observation 3: The current spec with only SSB-based L3 measurement requirements is already very complicated.
Observation 4: There is no any UE capability to further differentiate whether UE is able to handle mix-numerology between CSI-RS and data.
Proposal 1: The definition of intra and inter for CSI-RS based L3 measurement should align with SSB as much as possible.
Proposal 2: The intra and inter frequency definition of SSB ad CSI-RS measurements in the same MO should be the same.
Proposal 3: To avoid contradiction between RAN2 and RAN4 specs, the definition servingCellMO needs to be considered in the definition of intra and inter frequency.
Proposal 4: The CSI-RS based L3 measurement is intra-frequency if 
· the MO configuring the CSI-RS resources is indicated as a serving cell MO 
· the SCS of the CSI-RS resource is the same as the SCS of the active BWP
· the CSI-RS resource is configured within the same MO with an intra-frequency SSB
· in frequency domain all CSI-RS resources contain a common subset of consecutive [48] PRBs that cover the SSB within the same MO, and
· in time domain the CSI-RS resource is within every SMTC occasion of the same MO.
Proposal 5: The CSI-RS based L3 measurement is inter-frequency if 
· the MO configuring the CSI-RS resources is not indicated as a serving cell MO
· the CSI-RS resource is configured within the same MO with an inter-frequency SSB
· in frequency domain all CSI-RS resources contain a common subset of consecutive [48] PRBs that cover the SSB within the same MO, and 
· in time domain the CSI-RS resource is within every SMTC occasion of the same MO
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