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1. Introduction
[bookmark: OLE_LINK1]In the last RAN4 meeting, WF [1] on other issues related to the use of NCD-SSB in RedCap devices was approved. In this contribution, RRM measurement on neighbour cell and intra-frequency and inter-frequency measurement definition for NCD-SSB are further discussed. 
2. Discussion
[bookmark: OLE_LINK108][bookmark: OLE_LINK109]RRM measurement on neighbour cell
The agreements on RRM measurement on neighbour cell in idle/inactive mode and connected mode reached during the last meeting are as follows:
	Open issues
Issue 3-1-3:  RRM measurement on neighbour cell in idle/inactive mode
· Option 1: Idle/inactive mobility is only based on measurements on the CD-SSB (RAN agreement)
· Option 2: Idle/inactive mobility is feasible based on measurements on both CD-SSB and NCD-SSB.
[bookmark: OLE_LINK2]Issue 3-1-4:  RRM measurement on neighbour cell in connected mode
· Option 1: In connected mode, RRM measurement on neighbour cell is supposed to be performed on CD-SSB.
· Option 2: In connected mode, RRM measurement on neighbour cell can be based on CD-SSB or NCD-SSB.


In idle / inactive mode, we believe that only RRM measurement based on CD-SSB is supported.
In connected mode, when the number of RedCap UEs increases in a cell, then the network can configure the RedCap UEs to move to another BWP that includes NCD-SSB. The last meeting approved RRM measurement on serving cell can be based on CD-SSB or NCD-SSB [1]. Therefore, NCD-SSB in BWP allows RedCap UEs to perform measurement for all service cells without having to re-tune to different frequency to perform measurement on CD-SSB. Due to the mobility of RedCap UEs, RedCap UEs is expected to monitor neighbour cells, perform measurement and report to the network for the handover process [2]. In principle, the RRM measurement on neighbour cells can also be based on CD-SSB or NCD-SSB. 
When there is no NCD SSB transmission in neighbour cells, the measurement gap must be configured. RedCap UEs should re-tune to the CD-SSB of the neighbour cell for RRM measurement. However, it either introduce longer measurement delay or lead to larger UE power consumption, which both are not desirable [3].
When there is NCD SSB transmission in neighbour cells, in order to avoid the problem that there is no NCD-SSB of neighbour cells in the same frequency location, the network should plan to align NCD-SSB of service cell with NCD-SSB of neighbour cells in the frequency domain, and send the adjacent cell NCD-SSB information (frequency / SCS) to the UE for intra frequency measurement.
Therefore, we support the following scenarios mentioned in R4-2201780 [2].
· The RedCap UE shall support RRM measurement on neighbouring cells for the following scenarios: 
· The UE is operating in a BWP that includes CD-SSB. Hence, no need for measurement gaps.
· The UE is operating in a BWP that includes NCD-SSB and NCD-SSBs are transmitted by all neighbour cells. Hence, no need for measurement gap.
· The UE is operating in a BWP that includes NCD-SSB, however, no NCD-SSB is provided by other neighbour cell, yet the UE is configured with measurement gaps to re-tune to different frequency to measure CD-SSB.
· [bookmark: _GoBack]The RedCap UE shall not support RRM measurements for neighbour cells for the following scenarios:
· The UE is operating in a BWP that does not include CD-SSB and does not include NCD-SSB and the network did not provide the UE with measurement gaps.
Proposal 1: In Idle/inactive mode, only CD-SSB based RRM measurement is supported.
[bookmark: OLE_LINK10]Proposal 2: In connected mode, RRM measurement on neighbour cell can be based on CD-SSB or NCD-SSB.
Observation 1：If RRM measurement on neighbour cell is to be performed on CD-SSB, it either introduce longer measurement delay or lead to larger UE power consumption.
Proposal 3: It is supported the following scenarios mentioned in R4-2201780.
· The RedCap UE shall support RRM measurement on neighbour cells for the following scenarios: 
· The UE is operating in a BWP that includes CD-SSB. Hence, no need for measurement gaps.
· The UE is operating in a BWP that includes NCD-SSB and NCD-SSBs are transmitted by all neighbour cells. Hence, no need for measurement gap.
· The UE is operating in a BWP that includes NCD-SSB, however, no NCD-SSB is provided by other neighbour cell, yet the UE is configured with measurement gaps to re-tune to different frequency to measure CD-SSB.
· The RedCap UE shall not support RRM measurement on neighbour cells for the following scenarios:
· The UE is operating in a BWP that does not include CD-SSB and does not include NCD-SSB and the network did not provide the UE with measurement gaps.
Intra-frequency and inter-frequency measurement definition for NCD-SSB
The agreements on intra-frequency and inter-frequency measurement definition for NCD-SSB reached during the last meeting are as follows:
	Open issues
If RRM measurement on neighbour cell can be based on NCD-SSB, intra-frequency and inter-frequency measurement definition for NCD-SSB
· Option 1: For RedCap UE supporting NCD-SSB measurement, a measurement is defined as a SSB based intra-frequency measurement provided the centre frequency of reference SSB of serving cell (depending on issue 3-1-6) and the centre frequency of the target SSB of the neighbour cell indicated for measurement are the same, and the subcarrier spacing of the two SSBs are also the same.
· Option 2: For RedCap UE supporting NCD-SSB measurement, a measurement is defined as a SSB based intra-frequency measurement provided
· the centre frequency of the CD-SSB or NCD-SSB of the serving cell indicated for measurement and the centre frequency of the target SSB of the neighbour cell indicated for measurement are the same.
· the subcarrier spacing of the two SSBs are also the same.
· Option 3: RedCap UE’s intra-frequency measurement definition based on the following scenarios:
· Case A: Serving cell active BWP with CD-SSB
· Case B: Serving cell active BWP with NCD-SSB
· Case C: Serving cell active BWP without SSB


[bookmark: OLE_LINK85][bookmark: OLE_LINK86]If RRM measurement on neighbour cell can be based on NCD-SSB, We support option 2 to define intra-frequency and inter-frequency measurement for NCD-SSB.
In legacy UE, the definition of intra-frequency is based on the SSB of the serving cell indicated for measurement. We think it should be more flexible for RedCap UEs that support measurement based on NCD-SSB, and we believe that the definition of intra-frequency measurement based on SSB should be based on the CD-SSB or NCD-SSB in the active BWP of the service cell providing the measurement indication.
What needs to be ensured is that the centre frequency and subcarrier interval of the CD-SSB or NCD-SSB of the service cell indicating the measurement are the same as the target SSB of the neighbour cell used for measurement. It is worth noting that, like any legacy 5G UE, ensuring that the measurement does not require gaps is very important to the measurement performance, and requiring measurement gaps to monitor neighbour cells results in a frequent reduction in scheduling efficiency. Furthermore, in principle, NCD-SSB should be used for all possible purposes.
Proposal 4: If RRM measurement on neighbour cell can be based on NCD-SSB, support intra-frequency and inter-frequency measurement definition for NCD-SSB as follow:
· For RedCap UE supporting NCD-SSB measurement, a measurement is defined as a SSB based intra-frequency measurement provided
· the centre frequency of the CD-SSB or NCD-SSB of the serving cell indicated for measurement and the centre frequency of the target SSB of the neighbour cell indicated for measurement are the same.
· the subcarrier spacing of the two SSBs are also the same.
Proposal 5: In principle, NCD-SSB should be used for all possible purposes.
3. Summary
[bookmark: OLE_LINK51]In this paper, we provide our views on other issues related to the use of NCD-SSB in RedCap devices. From this discussion we have derived the following observation and proposals: 
Proposal 1: In Idle/inactive mode, only CD-SSB based RRM measurement is supported.
Proposal 2: In connected mode, RRM measurement on neighbour cell can be based on CD-SSB or NCD-SSB.
Observation 1：If RRM measurement on neighbour cell is to be performed on CD-SSB, it either introduce longer measurement delay or lead to larger UE power consumption.
Proposal 3: It is supported the following scenarios mentioned in R4-2201780.
· The RedCap UE shall support RRM measurements on neighbouring cells for the following scenarios: 
· The UE is operating in a BWP that includes CD-SSB. Hence, no need for measurement gaps.
· The UE is operating in a BWP that includes NCD-SSB and NCD-SSBs are transmitted by all neighbour cells. Hence, no need for measurement gap.
· The UE is operating in a BWP that includes NCD-SSB, however, no NCD-SSB is provided by other neighbour cell, yet the UE is configured with measurement gaps to re-tune to different frequency to measure CD-SSB.
· The RedCap UE shall not support RRM measurements on neighbour cells for the following scenarios:
· The UE is operating in a BWP that does not include CD-SSB and does not include NCD-SSB and the network did not provide the UE with measurement gaps.
Proposal 4: If RRM measurement on neighbour cell can be based on NCD-SSB, support intra-frequency and inter-frequency measurement definition for NCD-SSB as follow:
· [bookmark: OLE_LINK28][bookmark: OLE_LINK29]For RedCap UEs supporting NCD-SSB measurement, a measurement is defined as a SSB based intra-frequency measurement provided
· the centre frequency of the CD-SSB or NCD-SSB of the serving cell indicated for measurement and the centre frequency of the target SSB of the neighbour cell indicated for measurement are the same.
· the subcarrier spacing of the two SSBs are also the same.
Proposal 5: In principle, NCD-SSB should be used for all possible purposes.
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