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Introduction
In RAN2#117-e, RAN2 made the following agreements:
1. RAN2 confirms that it is up to network implementation, but it is expected that the network configures a MO on the NCD-SSB frequency if it wants the UE to use it only for serving cell measurements when some neighbor cells do not send an SSB on UE’s NCD-SSB frequency.
2. For neighbour cell measurements, it is up to network to configure MO on CD-SSB or NCD-SSB or both (same in legacy, no spec impact)
In this paper, we further discuss how to configure measurement objects (MO) for RedCap UEs to perform RRM measurements properly and efficiently, especially when NCD-SSB is used.
Discussion
In the stage-2 spec (38.300), intra- and inter-frequency measurements are defined as follows:
	Intra-frequency neighbour (cell) measurements and inter-frequency neighbour (cell) measurements are defined as follows:
-   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.
-   SSB based inter-frequency measurement: a measurement is defined as an SSB based inter-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 different, or the subcarrier spacing of the two SSBs is different.


It is not very clear which SSB in the highlighted text refers to, if a RedCap is configured with both CD-SSB and NCD-SSB. In our understanding, the SSB in the above definition of intra- and inter-frequency measurements should be the one UE uses for its serving cell measurements.
Observation 1.	The SSB used in the definition of intra- and inter-frequency measurements should be the one used by UE for its serving cell measurements.
This observation then naturally leads to the following proposal:
Proposal 1.	Update the definition of intra-frequency and inter-frequency measurements in the stage-2 spec that they are with respect to the SSB in the servingCellMO used by UE in its active BWP.
In the current specification, servingCellMO is configured under ServingCellConfig IE. Therefore, serving cell MO is configured per cell, not per BWP. 
It is possible that for a RedCap UE, one of its dedicated BWP includes only NCD-SSB and another BWP includes only CD-SSB. Since only one servingCellMO can be configured, the current configuration framework requires UE to measure the same serving cell MO even after it switches to a BWP which does not contain the SSB in that MO. That creates inefficiency, because UE would have to rely on measurement gap to perform serving cell measurements in that case. Alternatively, network may RRC reconfigure the servingCellMO to include the SSB contained in the new BWP. But this approach has its own issues, e.g. this reconfiguration may have to be performed whenever UE switches BWP. That creates overhead in signaling and delay in starting new serving cell measurements.  
Observation 2.	Network either has to reconfigure servingCellMO or configure measurement gaps for serving cell measurements after a BWP switch, if the source and target BWPs are configured with different SSBs.
A solution to this issue is to make the servingCellMO per BWP instead of per cell. To minimize the impact on the current signaling framework, we think the following changes can be considered: 
· Keep the current servingCellMO under ServingCellConfig as is, because it can be defined based on any SSB as it is now. This servingCellMO will be referred as default servingCellMO in this paper. 
· Network can optionally configure another servingCellMO under BWP-DedicatedDownlink for a BWP. This servingCellMO should be defined based on the SSB configured in the associated BWP. It will be referred to as a dedicated servingCellMO for the associated BWP.
· If UE operates in a dedicated BWP which is configured with a dedicated servingCellMO, UE shall perform its serving cell measurements based on the SSB included in this dedicated servingCellMO, instead of the default servingCellMO. Otherwise, UE shall perform its serving cell measurements according to the default servingCellMO as in legacy.
With the above enhancement, network does not need to reconfigure UE’s servingCellMO when UE switches to a BWP with a different SSB. It helps UE avoid measurement gaps or frequent RRC reconfiguration.  
Proposal 2. 	Network can optionally configure a BWP-specific servingCellMO under BWP-DownlinkDedicated IE, if this BWP contains a SSB different from the one in the default servingCellMO under ServingCellConfig IE.
Proposal 3. 	When UE is in a BWP which is configured with a dedicated servingCellMO, it shall perform its serving cell measurements according to the dedicated servingCellMO, instead of the default servingCellMO configured under ServingCellConfig IE. 
Since intra-frequency and inter-frequency measurements are defined with respect to UE’s serving cell MO, additional signaling is needed for UE to update its MOs related to neighbor cell measurements, when UE changes its servingCellMO. In the following, we use an example to illustrate its necessity. 


In this example, UE is configured with two dedicated BWPs, which contain CD-SSB and NCD-SSB, respectively. UE’s default servingCellMO is defined on CD-SSB (MO#1), which contains BWP#1. And its BWP#2, which contains NCD-SSB, is configured with a dedicated servingCellMO (MO#2).
Now let us consider mobility event A3. 
In Scenario A, suppose UE’s neighbor cell is on the same frequency as UE’s CD-SSB. So MO#1 is sufficient for neighbor cell measurements required by event A3. Now suppose UE switches from BWP#1 to BWP#2. As a result, UE switches the dedicated servingCellMO configured for BWP#2. However, UE’s neighbor cell measurements are still based on MO#1. Hence network needs a way to signal UE to change those measurements to NCD-SSB.
In Scenario B, suppose UE’s neighbor cell is on the same frequency as UE’s NCD-SSB. So network needs to configure MO#2 for UE’s neighbor cell measurements. When UE switches from BWP#1 to BWP#2, it switches from the default servingCellMO (i.e. MO#1) to the dedicated servingCellMO (i.e. MO#2). When UE is in BWP#2, since neighbor cells are searched and measured on the same frequency as the serving cell measurement (MO#2), no change is necessary. 
Through the above example, we can see that in addition to servingCellMO, some MOs also need to be updated together with UE’s BWP switch, in order to continue proper neighbor cell measurements. 
Observation 3. 	In addition to servingCellMO, some MOs also need to be updated together with UE’s BWP switch, in order to continue proper neighbor cell measurements.
We think the selection of such MOs can be determined by network. And the signaling can be done in the same manner as the one for servingCellMO, i.e. under BWP-DownlinkDedicated, network can configure the MO(s) whose frequency(s) should be changed to the same frequency of the servingCellMO in this BWP (if configured).
Let us use the example above again to illustrate this idea. 
· In Scenario A, network should configure MeasObjectNR-r17(MO#1) under the BWP-DownlinkDedicated IE of BWP#2. The presence of this configuration, i.e. MeasObjectNR-r17(MO#1), indicates to UE that when UE operates in BWP#2, all intra-frequency neighbor cell measurements should be performed on the same frequency as the current servingCellMO (which is NCD-SSB). But such a configuration of MeasObjectNR-r17 is not needed for BWP#1, because when UE operates in BWP#1, all intra-frequency neighbor cell measurements (i.e. MO#1) are already on the same frequency as the servingCellMO of BWP#1 (i.e. CD-SSB).
· In Scenario B, network should configure MeasObjectNR-r17(MO#2) under the BWP-DownlinkDedicated IE of BWP#1. The presence of this configuration, i.e. MeasObjectNR-r17(MO#2), indicates to UE that when UE operates in BWP#2, all intra-frequency neighbor cell measurements should be performed on the same frequency as the current servingCellMO (which is NCD-SSB). But such a configuration of MeasObjectNR-r17 is not needed for BWP#2, because when UE operates in BWP#2, all intra-frequency neighbor cell measurements (i.e. MO#2) are already on the same frequency as the servingCellMO of BWP#2 (i.e. NCD-SSB).
Proposal 4. 	If UE's active DL BWP is configured with a BWP-specific servingCellMO, network can include in the BWP-DownlinkDedicated IE the measurement object(s) whose frequency(s) should be changed to the frequency of the servingCellMO in this BWP.
Conclusion
Based on the above analysis, we’d recommend RAN2 to discuss and adopt the following proposals:
Observation 1.	The SSB used in the definition of intra- and inter-frequency measurements should be the one used by UE for its serving cell measurements.
Proposal 1.	Update the definition of intra-frequency and inter-frequency measurements in the stage-2 spec that they are with respect to the SSB in the servingCellMO used by UE in its active BWP.
Observation 2.	Network either has to reconfigure servingCellMO or configure measurement gaps for serving cell measurements after a BWP switch, if the source and target BWPs are configured with different SSBs.
Proposal 2. 	Network can optionally configure a BWP-specific servingCellMO under BWP-DownlinkDedicated IE, if this BWP contains a SSB different from the one in the default servingCellMO under ServingCellConfig IE.
Proposal 3. 	When UE is in a BWP which is configured with a dedicated servingCellMO, it shall perform its serving cell measurements according to the dedicated servingCellMO, instead of the default servingCellMO configured under ServingCellConfig IE. 
Observation 3. 	In addition to servingCellMO, some MOs also need to be updated together with UE’s BWP switch, in order to continue proper neighbor cell measurements.
Proposal 4. 	If UE's active DL BWP is configured with a BWP-specific servingCellMO, network can include in the BWP-DownlinkDedicated IE the measurement object(s) whose frequency(s) should be changed to the frequency of the servingCellMO in this BWP.
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