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1 Introduction
In Rel-15, in a wide band carrier, multiple SSBs could be deployed, but there is only one SSB, the SSB associated with the cell, which is seen by the UE for both RLM and RRM purposes for one serving cell. 
In this contribution we will analysis the possibility to support measurements on multiple SSBs in one cell for RRM and RLM in R16. 
2 Discussion
2.1 Background
In a wide band carrier, multiple SSBs could be deployed, and some of them could be CD-SSBs while some could be non-CD SSB as specified in [1]:

Within the frequency span of a carrier, multiple SSBs can be transmitted. The PCIs of SSBs transmitted in different frequency locations do not have to be unique, i.e. different SSBs in the frequency domain can have different PCIs. However, when an SSB is associated with an RMSI, the SSB corresponds to an individual cell, which has a unique NCGI (see clause 8.2). Such an SSB is referred to as a Cell-Defining SSB (CD-SSB). A PCell is always associated to a CD-SSB located on the synchronization raster
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Figure 1 multiple SSBs deployment
However, from the UE side, only one SSB is seen to be associated with one cell.

Observation 1: From the network’s perspective, multiple SSBs could be deployed within the bandwidth of a cell.

Observation 2: From the UE side, only one SSB is seen to be associated with a cell.
The relation between BWP and SSB based RRM measurement was discussed in RAN2-99bis and it was agreed that the RRM measurement shall be based on cell defining SSB irrespective of which BWP is activated as below:
5
Each SS block frequency which needs to be measured by the UE should be configured as individual measurement object (i.e. one measurement object corresponds to a single SS block frequency).

6
The cell defining SS block is considered as the time reference of the serving cell, and for RRM serving cell measurements based on SSB (irrespective of which BWP is activated).
This conclusion is helpful to simplify the discussion of R15 RRM measurement. However it would also imply that the UE would need gap even for serving cell measurement if one of the configured BWP doesn’t contain the SSB associate with the cell. Therefore this conclusion make it impossible to reduce the gap by deploying multiple SSB in network for one cell. 
Observation 3: SSB based RRM measurement is based only on one SSB associated to the cell.
Observation 4: the UE would need gap even for a serving cell measurement if one of the configured BWP doesn’t contain the SSB associate with the cell.
Observation 5: the UE would not be benefited from the multiple SSB deployment in term of gap reduction.
The CSI-RS based RRM measurement for serving cell is also based on the measurement on the cell associated CSI-RS (indicated by servingCellMO in TS 38331) regardless of the active BWP. Therefor the use of CSI-RS based RRM measurement would not be able to reduce the gap needed for serving cell measurement.
Observation 6: use of CSI-RS based RRM measurement would not be able to reduce the gap needed for serving cell measurement.
For RLM monitoring, SSB based RLM and CSI-RS based RLM are both supported in R15. However, CSI-RS based RLM is optionally supported by the UE, and SSB based RLM can only be configured for DL BWPs containing the SSB associated to the cell as agreed in RAN2-101bis as below:
=>
RAN2 understand that SSB based BM, BFD and RLM can only be configured for BWP which overlaps with the CD-SSB. For a BWP which doesn't overlap with the CD-SSB, BM, BFD and RLM can only be configured based on CSI-RS. We will not change this for Rel-15.
That means for the UE not supporting CSI-RS based RLM measurement, the UE can’t be configured with a BWP which doesn’t contain the SSB associated to Cell due to the limitation of SSB based RLM.
Observation 7: SSB based RLM is based only on one SSB associated to the cell, while CSI-RS based RLM could be based on the CSI-RS measurement on active BWP.
Observation 8: for the UE not supporting CSI-RS based RLM measurement, the UE can’t be configured with a BWP which doesn’t contain the SSB associated to the Cell due to the limitation of SSB based RLM.
2.2 Possible way forwards
Form the observations above, it could be seen that the limitation of both RRM and RLM is due to the fact the there is one SSB send by the UE for one serving cell. If multiple SSBs for one cell could be used as inputs for RRM and RLM, it could improve the performance of both RRM and RLM, for example by reducing the gap needed for RRM and increasing the flexibility of BWP configuration for UEs not supporting CSI-RS based RLM.
Observation 9: If multiple SSBs for one cell could be used as inputs of RRM and RLM, the performance of both RRM and RLM can be improved.
Proposal 1: RAN2 to support multiple SSBs for one cell for RRM and RLM from the UE’s perspective.
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Figure 2 multiple SSBs seen by UE
In the example above, the UE1 in cell is configured with 3 BWPs, and there are three SSBs within the bandwidth of the cell and there is a SSB within the bandwidth of each BWP of the UE. The network could configure the SSB1/SSB2/SSB3 to the UE for RRM measurement and RLM measurement. 
For RLM and RRM measurement of serving cell, the UE could select to perform measurement on SSBx based on the active BWP. For example, if the active BWP of the UE is BPW2, the RRM measurement and RLM measurement could be based on the measurement of SSB2. 
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Figure 3 serving cell RRM measurement based on multiple SSBs 

As shown in the figure1 above, the RRM measurement output could be based on measurement result from different BWP depending on activation status of BWP.

Proposal 2: For RLM and RRM measurement of serving cell, the UE could select to perform measurement on SSBx based on the active BWP
In the current specification, the SSB based intra-frequency measurement is defined as measurement on the SSB with same center frequency and same SCS with SSB of serving cell.


SSB based intra-frequency measurement: a measurement is defined as an SSB based intra-frequency measurement provided the center frequency of the SSB of the serving cell and the center frequency of the SSB of the neighbour cell are the same, and the subcarrier spacing of the two SSBs is also the same.

If multiple SSBs are associated with one cell, the definition of intra-frequency should be updated to minimize the gap needed for intra-frequent measurement. For example if there is at least one SSB of neighbour cells are located within the active BWP in the serving cell, the intra-frequency measurement can be applied
Proposal 3: the definition of intra-frequency shall be updated if multiple SSBs is associated with one serving cell.
3 Conclusion

The paper discussed on possibility to support multiple SSBs in one cell for RRM and RLM in R16, and the following observations and proposal were made:
Observation 1: From the network’s perspective, multiple SSBs could be deployed within the bandwidth of a cell.

Observation 2: From the UE side, only one SSB is seen to be associated with a cell.

Observation 3: SSB based RRM measurement is based only on one SSB associated to the cell.
Observation 4: the UE would need gap even for a serving cell measurement if one of the configured BWP doesn’t contain the SSB associate with the cell.
Observation 5: the UE would not be benefited from the multiple SSB deployment in term of gap reduction.
Observation 6: use of CSI-RS based RRM measurement would not be able to reduce the gap needed for serving cell measurement.
Observation 7: SSB based RLM is based only on one SSB associated to the cell, while CSI-RS based RLM could be based on the CSI-RS measurement on active BWP.
Observation 8: for the UE not supporting CSI-RS based RLM measurement, the UE can’t be configured with a BWP which doesn’t contain the SSB associated to the Cell due to the limitation of SSB based RLM.
Observation 9: If multiple SSBs for one cell could be used as inputs of RRM and RLM, the performance of both RRM and RLM can be improved.
Proposal 1: RAN2 to support multiple SSBs for one cell for RRM and RLM from the UE’s perspective.
Proposal 2: For RLM and RRM measurement of serving cell, the UE could select to perform measurement on SSBx based on the active BWP
Proposal 3: the definition of intra-frequency shall be updated if multiple SSBs is associated with one serving cell.
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