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1. Introduction
In the RAN4#90bis meeting, there was an incoming LS on clarification about CSI-RS measurement [1] that sent to RAN1 and RAN4. We provided contribution [3] on this issue in the last RAN4 meeting. There were some discussions on this topic but it is mainly on whether this topic should be handled in Rel-15 and how it can be handled as lack of input from companies. However there were extensive discussions in the last RAN1 meeting and an reply LS [2] was agreed. The main agreements in RAN1 are copied as follows.
	…

RAN1 has discussed the signalling framework for CSI-RS configuration for RRM measurements based on LS provided by RAN2 [1] and has concluded that CSI-RS configuration signalling framework is acceptable to RAN1.

As for associated restrictions on maximum number of CSI-RS resources, RAN1 has previously agreed to put maximum number of CSI-RS resource restriction per frequency layer and has captured the restriction in TS38.214 section 5.1.6.1.3 (See below).

5.1.6.1.3 CSI-RS for mobility 

--- omitted ---

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 when all CSI-RS resources per frequency layer have been configured with associatedSSB, or, 

- with no more than 64 CSI-RS resources per frequency layer when all CSI-RS resources have been configured without associatedSSB or when only some of the CSI-RS resources have been configured with associatedSSB 

- For frequency range 1 the associatedSSB is optionally present for each CSI-RS resource 

For frequency range 2 the associatedSSB is either present for all configured CSI-RS resources or not present for any configured CSI-RS resources per frequency layer.

--- omitted ---

Therefore, even though CSI-RS configuration signalling framework allows configuration of 9216 CSI-RS resources, the RAN1 specification does not allow such configuration to be done per frequency layer. This was done to ensure UE complexity for performing CSI-RS measurements is not over-burdened.

However, RAN1 does recognize that terminology of ‘frequency layer’ is not used in RAN2 specification and also not clearly defined in the current RAN1 specification.

To resolve this issue, RAN1 has agreed that from RAN1 perspective, frequency layer for CSI-RS mobility resources is measurement object (MO). Furthermore, RAN1 agreed that ‘frequency layer’ used in RAN1 specification should be changed to ‘measurement object’ and the changes to the RAN1 specification have been endorsed. 

Additionally, RAN1 has agreed that CSI-RS resources in the same MO shall have the same centre frequency (i.e., startPRB + floor(nrofPRBs/2)) value and have the same SCS, and would like to recommend to RAN2 to capture the restriction in appropriate RAN2 specifications.
RAN1 would like to also note that the following restrictions were discussed in RAN1 and had comparable number of supporting companies compared to the restriction agreed above.

· Alternative 1) CSI-RS resources in the same MO shall have the same startPRB
· Alternative 2) Difference between the maximum of (startPRB + nrofPRBs) of all configured CSI-RS resources in a MO and minimum of startPRB of all configured CSI-RS resources in a MO shall be equal or smaller than 264 PRBs.
…


In this contribution we further provide our views on CSI-RS based RRM measurement based on RAN2 LS and RAN1 reply LS.
2. Discussion

The CSI-RS based RRM measurement for L3 mobility was not fully discussed in RAN4. There were discussions on requirements for CSI-RS based RRM measurement later. The scope of CSI-RS measurement was discussed. Initial simulations were performed. But the main discussion is on whether to specify requirements for CSI-RS based RRM measurement for some simple use cases, such as intra-frequency gapless measurement and SCC without SSB configured. Company had concerns on UE implementation complexity without seeing obvious gain compared to SSB based RRM measurement. In the end RAN4 agreed to introduce CSI-RS based RRM requirements in Rel-16.
The RAN2 LS is to align understandings among groups on the framework of signaling for CSI-RS based measurement for mobility. If issues were identified corresponding corrections would be done in RAN2. RAN4’s input is very important to stabilize the CSI-RS based mobility signaling.
Observation 1: RAN4’s input is necessary to complete practical signaling framework for CSI-RS based RRM measurement.

The key point of all the questions in RAN2 LS is related to what the frequency layer is. RAN1 already made conclusion that one MO equals to one frequency layer. But it is still worth further discussion from RAN4 perspective.
For SSB based measurement a frequency layer is corresponding to one MO. In the measObjectNR signaling the absolute frequency of SSB will be set if SSB mobility is configured. In addition SSB bandwidth are all the same. The measurement of different cells and different SSBs in each cell on the configured SSB frequency can be conducted simultaneously during SMTC window or measurement gap. Therefore it would be reasonable to assume frequency layer is equivalent to MO. It is noted in RAN4 spec different terms are used for a frequency layer, e.g. frequency, carrier, carrier frequency layer, intra frequency carrier, inter-frequency carrier etc.

Observation 2: For SSB based measurement frequency layer is equivalent to MO.
For CSI-RS based mobility measurement, part of the signaling are as follows.

-- ASN1START

-- TAG-CSI-RS-RESOURCECONFIGMOBILITY-START

CSI-RS-ResourceConfigMobility ::=   SEQUENCE {

    subcarrierSpacing                   SubcarrierSpacing,

    csi-RS-CellList-Mobility            SEQUENCE (SIZE (1..maxNrofCSI-RS-CellsRRM)) OF CSI-RS-CellMobility,

    ... ,

    [[

    refServCellIndex-v1530              ServCellIndex                                                           OPTIONAL    -- Need S

    ]]

}

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

}

CSI-RS-Resource-Mobility ::=        SEQUENCE {

    csi-RS-Index                        CSI-RS-Index,

    slotConfig                          CHOICE {

        ms4                                 INTEGER (0..31),

        ms5                                 INTEGER (0..39),

        ms10                                INTEGER (0..79),

        ms20                                INTEGER (0..159),

        ms40                                INTEGER (0..319)

    },

    associatedSSB                       SEQUENCE {

        ssb-Index                           SSB-Index,

        isQuasiColocated                    BOOLEAN
    }                                                                                                           OPTIONAL, -- Need R

    frequencyDomainAllocation           CHOICE {

        row1                                BIT STRING (SIZE (4)),

        row2                                BIT STRING (SIZE (12))

    },

    firstOFDMSymbolInTimeDomain         INTEGER (0..13),

    sequenceGenerationConfig            INTEGER (0..1023),

    ...

}

CSI-RS-Index ::=                    INTEGER (0..maxNrofCSI-RS-ResourcesRRM-1)

-- TAG-CSI-RS-RESOURCECONFIGMOBILITY-STOP

-- ASN1STOP

maxNrofCSI-RS-ResourcesRRM              INTEGER ::= 96      -- Maximum number of CSI-RS resources for an RRM measurement object

configurations

maxNrofCSI-RS-CellsRRM                  INTEGER ::= 96      -- Maximum number of FFS

Based on RAN1 agreements and RAN1 signaling for CSI-RS based mobility measurement, following observations can be made.
Within one MO the number of cells for CSI-RS measurement can be configured up to 96 and the CSI-RS resources in each cell can be configured up to 96. This is also pointed out in the LS. The total number of configurable CSI-RS resources per MO is far beyond practical in our view. In RAN1 reply LS it is confirmed that maximum CSI-RS resource for one MO is 96.
If there is at least one CSI-RS resource is associated to a SSB, the SSB frequency will be configured in the MO. Then all associated SSBs for different CSI-RS resources should be at the same frequency. The timing of the CSI-RS resource can be derived from associated SSB. In addition some CSI-RS resources may not have an associated SSB which means the timing for the CSI-RS resource is derived by configured serving cell. Therefore CSI-RS resources in different cells in one MO the timing may be different.
The CSI-RS bandwidth is per cell per MO. As indicated in the LS, there is high flexibility to configure the position and bandwidth. This may cause complexity issue for UE implementation.
The periodicity and slot of CSI-RS resources in one cell can be different since the configuration is per CSI-RS resource. Use case that different CSI-RS resources in one cell have different periodicity is not clear. The offset can be different for sure so that CSI-RS resources is TDM transmitted.
The SCS of all the CSI-RS resources in one MO is the same. This could reduce the UE measurement complexity.
All the above configurations could impact how the CSI-RS resources can be measured. Furthermore it may have impact on whether in one MO all the cells configured with CSI-RS measurement can be treated as one frequency layer.
In principle one MO for CSI-RS based mobility measurement can still be considered as one frequency layer because all the associated SSBs, if configured, are on the same frequency. It is similar to SSB based mobility measurement. For CSI-RS based measurement the cell detection is conducted on associated SSB. The timing for the CSI-RS resources can be derived after cell detection. This part is no different from SSB based measurement. Then UE can measure CSI-resource accordingly. However there may be issues for measuring CSI-RS resources due to configuration of bandwidth and position arbitrarily.
If we look at the figure in the LS as below, we can make some initial observations. 
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Figure 1. MO configuration
For MO1, cell 1 measurement could be intra-frequency measurement as the bandwidth of the CSI-RS resource on cell 1 is within the bandwidth of the CSI-RS resource on the serving cell, and the subcarrier spacing of the two CSI-RS resources is the same because only one SCS can be configured for one MO. Cell 2 measurement is inter-frequency measurement as the bandwidth of CSI-RS resource on cell2 is not within the bandwidth of CSI-RS resource of serving cell. Apparently cell 1 and cell 2 cannot be considered as one frequency layer.
It is very useful to link frequency layer to MO as UE measurement capability is specified with frequency layer. With the linkage between frequency layer and MO it is easy for network to configure measurement object based on UE capability. If cells in one MO belong to different frequency layer, or if cells in different MOs belong to same frequency layer, UE measurement capability would be meaningless and it’s hard for network to handle.
Proposal 1: One frequency layer is equivalent to one MO.

According to RAN1 reply LS, the same conclusion has been made in RAN1.

RAN1 has agreed that from RAN1 perspective, frequency layer for CSI-RS mobility resources is measurement object (MO).
With this definition of frequency layer that it equals to MO there would be some restrictions on the MO configuration for CSI-RS based mobility measurement.  

There is one restriction that has been concluded in RAN1.
Additionally, RAN1 has agreed that CSI-RS resources in the same MO shall have the same centre frequency (i.e., startPRB + floor(nrofPRBs/2)) value and have the same SCS, and would like to recommend to RAN2 to capture the restriction in appropriate RAN2 specifications.
This restriction requires centre frequency alignment for all of the CSI-RS resources configured in one MO. However this would has confusion with intra-frequency measurement and inter-frequency measurement definition for CSI-RS based RRM measurement that has been made by RAN4.
During the early phase of NR RRM discussion, the definition of intra-frequency and inter-frequency measurement for CSI-RS based RRM measurement was discussed and agreements were reached. The definition was captured in TS 38.300 as follows.

-
CSI-RS based intra-frequency measurement: a measurement is defined as a CSI-RS based intra-frequency measurement provided the bandwidth of the CSI-RS resource on the neighbour cell configured for measurement is within the bandwidth of the CSI-RS resource on the serving cell configured for measurement, and the subcarrier spacing of the two CSI-RS resources is the same.

-
CSI-RS based inter-frequency measurement: a measurement is defined as a CSI-RS based inter-frequency measurement provided the bandwidth of the CSI-RS resource on the neighbour cell configured for measurement is not within the bandwidth of the CSI-RS resource on the serving cell configured for measurement, or the subcarrier spacing of the two CSI-RS resources is different.

One example of MO configuration is as in Figure 2 below. It can be seen from Figure 2 that the CSI-RS resources of 3 cells are at the same center frequency. It fulfills RAN1 restriction of center frequency alignment so it can be configured in one MO. However if we take one MO as one frequency layer, from RAN4 point of view Cell 1 and Cell 2 cannot be configured in one MO as Cell 1 is intra-frequency measurement and Cell 2 is inter-frequency measurement.
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Figure 2. MO configuration
Another example of MO configuration is as in Figure 3 below. It can be seen from figure 3 that bandwidth of CSI-RS resources on Cell 1 and Cell 2 are within the bandwidth of serving cell. The Cell 1 and Cell 2 measurements are intra-frequency measurement so Cell 1 and Cell 2 can be configured with serving cell in one MO from RAN4 perspective. However center frequency of CSI-RS resources of Cell 2 is not aligned with that of CSI-RS resources of serving cell and Cell 1, it is not valid MO configuration according to center frequency restriction.
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Figure 3. MO configuration
Observation 1: There would be confusion on MO configuration (per frequency layer) between per-frequency layer is based on center frequency alignment and based on bandwidth of serving cell. Intra-frequency measurement and inter-frequency measurement may be configured in one MO.
One another example is as in Figure 4 below. Compared to Figure 3 the serving cell and Cell 1 are switched. The Cell 1 in Figure 3 becomes serving cell.  In Figure 4 the Cell 1 measurement is not intra-frequency measurement anymore as the bandwidth of CSI-RS resource of Cell 1 is not within the bandwidth of CSI-RS resource of serving cell. So the two cells cannot be configured in one MO. However it is worth we take one step further. If bandwidth of CSI-RS resource of Cell 1 is within bandwidth of active DL BWP, the serving cell and Cell 1 can also be considered as intra-frequency measurement.
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Figure 4. MO configuration
Observation 2: There are cases that CSI-RS based measurement can be done as intra-frequency measurement but is not covered by current intra-frequency measurement definition.
Proposal 2: The definition of intra-frequency measurement and inter-frequency measurement for CSI-RS based RRM measurement should be further studied in RAN4.
Proposal 3: The intra-frequency measurement can also be that all the CSI-RS resources of neighbor cell are within the active BWP of the UE if it is not within the bandwidth of CSI-RS resources of serving cell.

To solve the confusion mentioned above and the case Figure 4, the definition of intra-frequency measurement and inter-frequency measurement should be revised. By taking RAN1 agreement into consideration, we propose definition as follows.
Proposal 2: The definition of intra-frequency measurement and inter-frequency measurement for CSI-RS based RRM measurement should be revised as follows.
-
CSI-RS based intra-frequency measurement: a measurement is defined as a CSI-RS based intra-frequency measurement provided the centre frequency of the CSI-RS resource on the neighbour cell configured for measurement is the same as centre frequency of the CSI-RS resource on the serving cell configured for measurement, and the subcarrier spacing of the two CSI-RS resources is the same.

-
CSI-RS based inter-frequency measurement: a measurement is defined as a CSI-RS based inter-frequency measurement provided the centre frequency of the CSI-RS resource on the neighbour cell configured for measurement is not the same as centre frequency of the CSI-RS resource on the serving cell configured for measurement, or the subcarrier spacing of the two CSI-RS resources is different.

There are also other issues which are not included in the LS. For example the periodicity and offset of CSI-RS resources could be different. If CSI-RS resources within one MO is spread quite sparsely in time domain it could cause UE complexity and power saving issues. Further restrictions on CSI-RS configuration may also be needed. 
Proposal 3: FFS further restriction on CSI-RS measurement configuration.

3. Conclusion

In this contribution, we further provide our further views on on CSI-RS based RRM measurement. Based on the observations following proposals are present. 
Proposal 1: One frequency layer is equivalent to one MO.

Observation 1: There would be confusion on MO configuration (per frequency layer) between per-frequency layer is based on center frequency alignment and based on bandwidth of serving cell. Intra-frequency measurement and inter-frequency measurement may be configured in one MO.
Observation 2: There are cases that CSI-RS based measurement can be done as intra-frequency measurement but is not covered by current intra-frequency measurement definition.

Proposal 2: The definition of intra-frequency measurement and inter-frequency measurement for CSI-RS based RRM measurement should be revised as follows.
-
CSI-RS based intra-frequency measurement: a measurement is defined as a CSI-RS based intra-frequency measurement provided the centre frequency of the CSI-RS resource on the neighbour cell configured for measurement is the same as centre frequency of the CSI-RS resource on the serving cell configured for measurement, and the subcarrier spacing of the two CSI-RS resources is the same.

-
CSI-RS based inter-frequency measurement: a measurement is defined as a CSI-RS based inter-frequency measurement provided the centre frequency of the CSI-RS resource on the neighbour cell configured for measurement is not the same as centre frequency of the CSI-RS resource on the serving cell configured for measurement, or the subcarrier spacing of the two CSI-RS resources is different.

Proposal 3: FFS further restriction on CSI-RS measurement configuration.

A companion draft LS [4] is also provided to feedback to RAN2.
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