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1. 1 Introduction
In last RAN4#102-e meeting, discussion on RRM requirements for RedCap UE was conducted and a way forward was agreed in [1]. Based on the guidance in WF, we provide our further consideration on the RRM requirements for RedCap UE in this contribution.
2. Discussion
Measurement Procedure
Use of NCD-SSB for CONNECTED mode measurements
	[bookmark: _Hlk97057491]Reference SSB to decide measurement type (intra- or inter-frequency)
· Agreements
· FFS: Reference SSB to decide measurement type (intra- or inter-frequency)
· Option 1 (E///, QC, ZTE): NW indicates the reference SSB (CD-SSB or NCD-SSB)
· Option 1a (Apple, Nokia, CMCC): The SSB indicated in serving cell MO is used as reference SSB (CD-SSB or NCD-SSB)
· Option 2 (Xiaomi, MTK, Nokia, QC, vivo): SSB in the active BWP is used (CD-SSB or NCD-SSB)
· Option 3 (HW, CMCC): CD-SSB of the serving cell

Definition of SSB based intra-frequency measurement
Candidate options:
· Proposals: A measurement is defined as an SSB based intra-frequency when:
· Option 1 (E///):
· If NW configures NCD-SSB of the serving cell indicated for measurement:
· the centre frequency of the 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 and the subcarrier spacing of the two SSBs are also the same.
· Otherwise:
· the centre frequency of the CD-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 and the subcarrier spacing of the two SSBs are also the same.
· Option 2 (Apple, CATT, vivo, MTK):
· 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, and
· the subcarrier spacing of the two SSBs are also the same.
· Option 3 (CMCC):
· the centre frequency of the CD-SSB of the serving cell 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 4 (HW): 
· the centre frequency of the CD-SSB of the serving cell indicated for measurement and the centre frequency of the CD-SSB of the neighbour cell are the same, and the subcarrier spacing of the two SSBs are also the same.
· Option 5 (Xiaomi): 
· The legacy definition of intra-frequency and inter-frequency based on the reference SSB could be reused.
· Option 6 (QC): 
· A measurement is defined as an SSB based intra-frequency measurement when
· one of the NCD-SSB or CD-SSB of the serving cell indicated for measurement lies in the active BWP of the UE and 
· the centre frequency of this SSB (that lies within the active BWP of the UE) 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.

When both CD-SSB and NCD-SSB are configured for serving cell measurements
· Option 1 (E///):	 UE can perform serving cell measurements based on NCD-SSB within active BWP provided that
· the difference of center frequency between NCD-SSB and CD-SSB is no larger than 20MHz in FR1 and 100MHz in FR2
· the difference of reception power between NCD-SSB and CD-SSB is less than 3dB
· the periodicity of NCD-SSB and CD-SSB is the same.
Otherwise, UE should perform serving cell measurements based on both NCD-SSB and CD-SSB.
· Option 2 (vivo, CMCC, QC, HW, Apple, MTK, Xiaomi, Nokia):  UE should perform serving cell measurements based on SSB with active BWP.

When both CD-SSB and NCD-SSB are configured for serving cell measurements and both require MG
Candidate options:
When both CD-SSB and NCD-SSB serving cell measurement are configured and both need MG:
· Proposals
· Option 1 (Apple, CMCC, HW, MTK, Xiaomi):  UE could choose to perform CD-SSB only if both NCD-SSB and CD-SSB measurements need gap. 
· Option 2 (Nokia, E///):  UE shall follow the NW’s configuration to perform measurement. 
· Option 3(possible compromise): When both NCD-SSB and CD-SSB measurements need gap, UE could choose to perform any SSB only provided that
· the difference of center frequency between NCD-SSB and CD-SSB is no larger than 20MHz in FR1 and 100MHz in FR2
· the difference of reception power between NCD-SSB and CD-SSB is less than 3dB
· the periodicity of NCD-SSB and CD-SSB is the same.
Otherwise, UE should perform serving cell measurements based on both NCD-SSB and CD-SSB.

When both CD-SSB and NCD-SSB are configured for neighbour cell measurements
When both CD-SSB and NCD-SSB neighbour cell measurement are configured:
· Proposals
· Option 1 (E///, Apple, CMCC, Xiaomi, Nokia, vivo):	 UE should follow NW’s configuration to perform measurements on both SSBs.
· Option 2 (QC):  
· When both, NCD-SSB and CD-SSB of the neighbour cell lie within the UE active BWP, UE should be required to measure only one SSB.
· When both, NCD-SSB and CD-SSB of the neighbour cell lie outside the UE active BWP, UE should be required to measure only CD-SSB.
· When either NCD-SSB or CD-SSB lie within the UE active BWP, UE should be required to measure the SSB that lies within the UE active BWP.
· Option 2a (MTK):
· When both, NCD-SSB and CD-SSB of the neighbour cell lie outside the UE active BWP, UE should be required to measure only CD-SSB.
· When either NCD-SSB or CD-SSB lie within the UE active BWP, UE should be required to measure the SSB that lies within the UE active BWP.

Neighbour cell’s NCD-SSB information
· Option 1 (Apple, QC, E///, MTK, Xiaomi, Nokia, vivo, QC):	 
· The neighbor cell’s NCD-SSB information (frequency/SCS) shall be provided to UE if UE is configured to perform cell identification/measurement on neighbor cell’s NCD-SSB, i.e., UE is not required to read neighbor cell SIB to figure out the neighbor cell’s NCD-SSB by itself.
· Option 2 (HW, CMCC): Wait for RAN2 conclusion	 

Delay requirements for NCD-SSB based measurement 
Recommendation for the 2nd round:
Given that scenarios were agreed in the issue 5-1-1, discuss the requirements for those. 
Measurement delay requirements are introduced for RedCap UE for the scenarios agreed in issue 5-1-1, and the options are:
· Option 1 (vivo, Apple, E///): Check and define new requirements if needed for scenarios agreed in issue 5-1-1 when:
· Cell identification and measurement by NCD-SSB
· Cell identification and measurement when both NCD-SSB and CD-SSB are configured
· Option 2 (QC, Nokia, Xiaomi, MTK, CMCC) : Current requirements apply, no addition requirements are introduced. 

Periodicity of NCD-SSB 
· Proposals
· Option 1 (Apple, MTK, Xiaomi, vivo, QC): RAN4 to assume that periodicity of NCD-SSB is same as periodicity of corresponding CD-SSB from the same cell.
· Option 2 (QC, E///, Apple, MTK, vivo): The periodicity of NCD-SSB cannot be configured to be greater than 160ms.
· Option 3 (CMCC): NCD-SSB periodicity is up to NW. 

Reporting of RS type (NCD-SSB or CD-SSB) as part of RRM measurement reporting 
· Option 1 (E///):	 RedCap UE needs to report the RRM measurement result together with the type of RS, either NCD-SSB or CD-SSB.
· Option 2 (vivo, HW, Apple, MTK, Xiaomi, Nokia, QC): Up to RAN1/RAN2
· Option 3 (E///): Discuss after the definition of intra-frequency measurement is settled.


For the issue of reference SSB to decide measurement type, our initial idea is to use the SSB configured in the active BWP, which could be either CD-SSB or NCD-SSB. The main consideration is to avoid the frequently RF retuning from UE side. As the motivation of introducing NCD-SSB is the CD-SSB of serving cell may be outside UE’s CBW. If we go with Option 1a to indicate a fixed SSB as the reference SSB, the benefit of introducing NCD-SSB would not be around.
However, based on the current spec, where the reference SSB is the SSB of the serving cell indicated for measurement, the servingCellMO could always be measured together with the intra-frequency neighbor cells. For RedCap UE, there exits the potential scenario that UE is in an active BWP configured with only NCD-SSB but the ServingCellMO is configured for CD-SSB. Based on current progress in RAN2, it is not clear whether this configuration is feasible. If NW can perform such configuration, the measurement of serving cell would be identified as inter-frequency measurement with option 2, which would have longer measurement delay compared with the intra-frequency measurement. The measurement result of serving cell is of much importance on UE’s mobility performance, so Option 2 is not preferred.
[bookmark: _GoBack]Based on the above considerations, both option 1a and 2 have disadvantages. Considering the mobility performance, Option 1a to follow the legacy way to decide the reference SSB is acceptable to us, if there is only one servingCellMO.  
Proposal 1: If single servingCellMO is confirmed in RAN2, the SSB indicated in serving cell MO should be used as reference SSB (CD-SSB or NCD-SSB). 
The feasibility of the scenario that serving cell measurements configured with multiple SSBs depends on RAN2’s decision. If such configuration is supported by RAN2, we think UE should perform serving cell measurements based on SSB with active BWP. Furthermore, if both CD-SSB based and NCD-SSB based serving cell measurement require gap, we prefer that UE could choose to perform CD-SSB based measurement, which would be the same as in legacy.
Proposal 2: If RAN2 agreed to introduce the scenario that both CD-SSB and NCD-SSB are configured for serving cell measurements:
If either CD-SSB or NCD-SSB is in active BWP, the SSB in active BWP should be used as reference SSB;
otherwise, CD-SSB should be used as reference SSB.
Considering the issue of definition of SSB based intra-frequency measurement, the several candidate options are not mutually exclusive. From our perspective, the legacy definition of intra-frequency measurement based on the reference SSB could be reused once RAN4 reached an agreement on the reference SSB, i.e. a measurement is defined as a SSB based intra-frequency measurement provided the centre frequency of the reference SSB 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.
Proposal 3: A measurement is defined as a SSB based intra-frequency measurement provided the centre frequency of the reference SSB 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 scenario that both CD-SSB and NCD-SSB are configured for neighbour cell measurements is valid as agreed in RAN2. In this case, we think UE shall perform the neighbour cell measurement based on the configured MOs.
Proposal 4: When both CD-SSB and NCD-SSB are configured for neighbor cell measurements, UE shall perform the neighbour cell measurement based on the configured MOs. 

CSSF, gap related issues
	Inter-frequency without gap
· Option 1 (ZTE, Apple, Xiaomi, vivo, MTK, OPPO, E///, Nokia): RedCap UE won’t support ‘Inter-frequency without gap’ measurement capability in Rel-17.
· Option 1a (E///):	 
· RedCap UE won’t support ‘Inter-frequency without gap’ measurement capability in Rel-17 provided that the intra-frequency measurement is defined based on the NCD-SSB in active BWP, if NW transmits the NCD-SSB.
· Option 2 (CMCC, HW): 	 RAN4 needs to consider ‘inter-frequency without MG’ capability when defining RedCap RRM requirements.

Assumption on searcher 
· Option 1 (CMCC, HW):	The searcher is shared by intra-frequency without gap and inter-frequency without gap measurement for RedCap UE:
· Option 2 (ZTE, MTK, Apple, Xiaomi, Nokia, OPPO, vivo): The searcher will be exclusively used by intra-frequency without gap measurement provided that RAN4 agrees that RedCap UE does NOT support ‘Inter-frequency without gap’ measurement capability in Rel-17.

CSSF outside gap
· Option 1 (ZTE, Apple, Xiaomi, vivo, MTK, OPPO, Nokia): CSSFoutside_gap,I = 1 for RedCap UE measurement outside gap based on Rel-15 requirement.
· Option 1a (E///): CSSFoutside_gap,I = 1 for RedCap UE measurement outside gap based on Rel-15 requirement provided that only one of NCD-SSB and CD-SSB within the serving cell’s active BWP will be measured.

· Option 3 (CMCC, HW):
· CSSFoutside_gap,I  PCC= 2, if configured inter-frequency mOs without MG when none of the SMTC occasions of this inter-frequency measurement object are overlapped by the measurement gap that are being measured outside of MG for RedCap UE.
· CSSFoutside_gap,I  PCC = 1 otherwise
· CSSFoutside_gap,I  PCC = 2*Y, for inter-frequency MO with no measurement gap, Y is the number of configured inter-frequency mOs without MG when none of the SMTC occasions of this inter-frequency measurement object are overlapped by the measurement gap that are being measured outside of MG for RedCap UE;
· CSSFoutside_gap,I  PCC = 0 otherwise
Type of measurement gaps (if considered)
· Option 1 (MTK, Apple, CMCC): If MG is needed, RAN4 to specify per-UE MG based cell identification/measurement requirement regardless of independentGapConfig.
· Option 2 (E///): RedCap UE supports per-FR gap.
· Option 2a (HW): RedCap UE can support per-FR gap depends on UE capability.
· Option 3(Nokia):  


The UE can perform inter-frequency SSB based measurements without measurement gaps if the SSB is completely contained in the active BWP of the UE. However, according to the latest RAN2 conclusion that “A RedCap UE may be configured with multiple NCD-SSBs provided that each BWP is configured with at most one SSB”, the case that NW deployment two SSBs within one BWP is excluded. So, we think it is reasonable for RedCap UE not supporting ‘inter-frequency without gap’ measurement capability.
Proposal 5: RedCap UE won’t support ‘Inter-frequency without gap’ measurement capability in Rel-17.
For CSSF outside gap, as we supported that RedCap UE won’t support ‘Inter-frequency without gap’ measurement capability, we prefer to define the CSSFoutside_gap,i = 1.
For CSSF within gap, the requirements were specified based on the assumption that UE conducts the measurement of one frequency layer at a time, no matter the layer is intra frequency or inter frequency. We think the existing MG sharing mechanism could be reused.
Proposal 6: CSSFoutside_gap,i = 1 for RedCap UE measurement outside gap based on Rel-15 requirement.
Proposal 7: The current design for CSSF within gap could be reused for RedCap UE.
3. Conclusion
Proposal 1: If single servingCellMO is confirmed in RAN2, the SSB indicated in serving cell MO should be used as reference SSB (CD-SSB or NCD-SSB). 
Proposal 2: If RAN2 agreed to introduce the scenario that both CD-SSB and NCD-SSB are configured for serving cell measurements:
If either CD-SSB or NCD-SSB is in active BWP, the SSB in active BWP should be used for serving cell measurement and as reference SSB;
otherwise, CD-SSB should be used for serving cell measurement and as reference SSB.
Proposal 3: A measurement is defined as a SSB based intra-frequency measurement provided the centre frequency of the reference SSB 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.
Proposal 4: When both CD-SSB and NCD-SSB are configured for neighbor cell measurements, UE shall perform the neighbour cell measurement based on the configured MOs. 
Proposal 5: RedCap UE won’t support ‘Inter-frequency without gap’ measurement capability in Rel-17.
Proposal 6: CSSFoutside_gap,i = 1 for RedCap UE measurement outside gap based on Rel-15 requirement.
Proposal 7: The current design for CSSF within gap could be reused for RedCap UE.
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