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Introduction
In RAN#90e meeting, a Rel-17 work item for support of reduced capability NR devices was approved and the WID was further updated in RAN#92e [1]. Core part of the WI was closed in RAN4#104e and most of the issues were resolved. In this contribution we discuss some of the open issues as captured in the WF [2]. 
Handover with NCD-SSBs
We submitted a contribution paper [3] in RAN4#106 seeking clarification on the definition of intra-frequency and inter-frequency Handover for the RedCap UEs where the serving cell SSB and the target cell SSB could be any combination of CD-SSB and NCD-SSB. The issue was acknowledged by all the companies and some companies wanted to further check the proposed solution. The following was captured in the WF [2]:Revision of the intra/inter-frequency definition in handover
· FFS on whether to add following clarification to handover requirement:
· Handover for a RedCap UE is defined as intra-frequency handover if the center frequency and subcarrier spacing (SCS) of the reference SSB of the serving cell is same as the center frequency and SCS of the reference SSB of the target cell, where:
· Option 1a: The reference SSB of the serving cell is the SSB configured in the BWP-specific servingCellMO, if configured, else the SSB configured in the servingCellMO
· Option 1b: The reference SSB of the serving cell is the SSB configured in the active BWP of the serving cell
· The reference SSB of the target cell is the SSB configured in the firstActiveBWP of the target cell



For reader’s convenience, the issue and the solution from our contribution paper [3] are repeated here highlighting that the definition of inter-frequency and intra frequency is not clear in the spec. [TS 38.133, Clause 6.1.1.2.2] In the interruption requirement a cell is known if it has been meeting the relevant cell identification requirement during the last 5 seconds otherwise it is unknown. Relevant cell identification requirements are described in Clause 9.2.5 for intra-frequency handover and Clause 9.3.4 for inter-frequency handover.




[TS 38.133, Clause 9.2B.1] A measurement is defined as a SSB based intra-frequency measurement provided the centre frequency of the reference SSB of the serving cell and the centre frequency of the SSB of the neighbour cell are the same, and the subcarrier spacing of the two SSBs are also the same. The reference SSB is the SSB defined in BWP-specific servingCellMO under BWP-DownlinkDedicated of active DL BWP. If the field is absent, the reference SSB is the SSB defined in servingCellMO under ServingCellConfig. 

The above two texts from the spec means that for a known cell intra-frequency handover definition is based on whether the SSB measured on the target cell is aligned with the BWP-specific servingCellMO, if defined, or servingCellMO. This implies that the SSB within the firstActiveBWP doesn’t determine intra/inter-frequency handover type. Now consider the following scenarios where case 1 and case 2 would be considered as intra-frequency handover and case 3 would be inter-frequency handover based on the current definition. Based on the RAN4 agreement from the last meeting, one additional sample is provided for fine AGC tuning in case of inter-frequency handover but not for intra-frequency handover [2]. So, case 2 below being intra-frequency would not get an extra sample but case 3 doesn’t. However, note that the need for an extra sample is more in case 2 than in case 3 since in case 3 the AGC information of the target cell can be inferred from the AGC of the servingCellMO. We think we need to address this discrepancy and define what is intra-frequency and inter-frequency handover in a clear manner.
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This ambiguity becomes even worse for unknown cells - the cells which have not been measured, where Tsearch of the handover delay is non-zero and different for intra-frequency and inter-frequency handover. There may be no targetCellMO configured for this case and hence there is no specified reference SSB in the target cell, so defining intra/inter-frequency handover based on MOs is not valid.
The simplest way to define intra/inter-frequency handover would be to define a reference SSB in the serving cell and a reference SSB in the target cell, where if both the SSBs are aligned in the frequency, classify it as intra-frequency handover, else inter frequency handover.
For the serving cell, we have the choice of:
Option S1 -	BWP specific servingCellMO (if configured), else servingCellMO 
Option S2 -	SSB within the active BWP
Option S3 -	CD-SSB
For the target cell, we have the choice of:
Option T1 - 	SSB configured in the targetCellMO, if configured
Option T2 - 	SSB within the first Active BWP   
These options were discussed during the last meeting and the general consensus was to keep the SSB within the active BWP as the reference SSB.
Observation 1: The definition of intra-frequency and inter-frequency handover for RedCap UEs is not clear in the spec (TS 38.133).
Observation 2: Defining intra/inter-frequency handover same as intra/inter-frequency measurement type may not apply for unknown cell handover cases.
· A measurement is defined as a SSB based intra-frequency measurement provided the centre frequency of the reference SSB of the serving cell and the centre frequency of the SSB of the neighbour cell are the same, and the subcarrier spacing of the two SSBs are also the same. The reference SSB is the SSB defined in BWP-specific servingCellMO under BWP-DownlinkDedicated of active DL BWP. If the field is absent, the reference SSB is the SSB defined in servingCellMO under ServingCellConfig 

Proposal 1: Handover for a RedCap UE is defined as intra-frequency handover if the center frequency and subcarrier spacing (SCS) of the reference SSB of the serving cell is same as the center frequency and SCS of the reference SSB of the target cell, where:
· The reference SSB of the serving cell is the SSB configured in the DL BWP of the serving cell
· The reference SSB of the target cell is the SSB configured in the DL firstActiveBWP of the target cell
RRC re-establishment
The above issue of intra-frequency and inter-frequency cell also holds for RRC re-establishment procedures. Time to identify target NR cell for RRC connection re-establishment to another NR Cell depends on whether the neighbour NR cells are intra-frequency or inter-frequency. With multiple SSBs (CD-SSB and NCD-SSBs) in the serving cell and the neighbor cell, the definition of intra-frequency and inter-frequency cell is not clear. 
In short, spec doesn’t say which SSB of the target cell to be used to define Tidentify_intra_NR and Tidentify_inter_NR, I :
· CD-SSB or
· One of the NCD-SSBs, if configured
· SSB configured as the MO of the neighbor cell
· This can be CD-SSB or NCD-SSB

Similarly, spec doesn’t specify which SSB of the target cell to be used to define Tidentify_intra_NR and Tidentify_inter_NR, I :
· SSB within the active BWP
· SSB defined in the servingCellMO or BWP-specific servingCellMO, if defined
· CD-SSB of the serving cell

Since RRC re-establishment procedures are similar to idle mode procedures, it makes sense to use CD-SSB of the neighbour cell as the reference SSB but what to use for the serving cell – 
Option S1 -	BWP specific servingCellMO (if configured), else servingCellMO 
Option S2 -	SSB within the active BWP
Option S3 -	CD-SSB
Observation 3: The definition of intra-frequency and inter-frequency cell for RRC re-establishment preocedure for RedCap UEs is not clear in the spec (TS 38.133).
Proposal 2: RAN4 to clarify the definition of intra-frequency and inter-frequency cell for RRC re-establishment procedure for RedCap UEs in the spec.
Proposal 3: A neighbor cell for RRC re-establishment procedures for a RedCap UE is defined as an intra-frequency cell if the center frequency (and subcarrier spacing (SCS)) of the reference SSB of the serving cell is same as the center frequency (and SCS) of the reference SSB of the neighbor cell; else it is considered as inter-frequency cell, where:
· The reference SSB of the target cell is the CD-SSB of the target cell
· The reference SSB of the serving cell is
· Option 1: SSB configured in the BWP-specific servingCellMO, if configured, else the SSB configured in the servingCellMO
· Option 2: CD-SSB of the serving cell
· Option 3: SSB within the active BWP
· This option is preferred as it’s consistent with the intra/inter-frequency HO definition

Conclusion
Observation 1: For the case when the UE performs handover to a BWP with un-measured SSB, UE has no way to tell which measurement values to be used from the previously measured SSBs having the same PCI.
Observation 1: The definition of intra-frequency and inter-frequency handover for RedCap UEs is not clear in the spec (TS 38.133).
Observation 2: Defining intra/inter-frequency handover same as intra/inter-frequency measurement type may not apply for unknown cell handover cases.
· A measurement is defined as a SSB based intra-frequency measurement provided the centre frequency of the reference SSB of the serving cell and the centre frequency of the SSB of the neighbour cell are the same, and the subcarrier spacing of the two SSBs are also the same. The reference SSB is the SSB defined in BWP-specific servingCellMO under BWP-DownlinkDedicated of active DL BWP. If the field is absent, the reference SSB is the SSB defined in servingCellMO under ServingCellConfig 

Proposal 1: Handover for a RedCap UE is defined as intra-frequency handover if the center frequency and subcarrier spacing (SCS) of the reference SSB of the serving cell is same as the center frequency and SCS of the reference SSB of the target cell, where:
· The reference SSB of the serving cell is the SSB configured in the DL BWP of the serving cell
· The reference SSB of the target cell is the SSB configured in the DL firstActiveBWP of the target cell

Observation 3: The definition of intra-frequency and inter-frequency cell for RRC re-establishment preocedure for RedCap UEs is not clear in the spec (TS 38.133).
Proposal 2: RAN4 to clarify the definition of intra-frequency and inter-frequency cell for RRC re-establishment procedure for RedCap UEs in the spec.
Proposal 3: A neighbor cell for RRC re-establishment procedures for a RedCap UE is defined as an intra-frequency cell if the center frequency (and subcarrier spacing (SCS)) of the reference SSB of the serving cell is same as the center frequency (and SCS) of the reference SSB of the neighbor cell; else it is considered as inter-frequency cell, where:
· The reference SSB of the target cell is the CD-SSB of the target cell
· The reference SSB of the serving cell is
· Option 1: SSB configured in the BWP-specific servingCellMO, if configured, else the SSB configured in the servingCellMO
· Option 2: CD-SSB of the serving cell
· Option 3: SSB within the active BWP
· This option is preferred as it’s consistent with the intra/inter-frequency HO definition
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