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1 Introduction
In last RAN4 meeting, a way forward on RRM requirements for RedCap UE was agreed in [1]. In this contribution, we provide our further consideration on the remaining issues of measurement requirements for RedCap UE.
2 Discussion
2.1 Use of NCD-SSB for CONNECTED mode measurements
	The measurement scenarios for NCD-SSB and CD-SSB
· Define RedCap UE’s measurement requirements based on the following scenarios:
· Case A: Serving cell active BWP includes CD-SSB 
· Case B: Serving cell active BWP includes NCD-SSB
· Case B-1: All neighbour cells include NCD-SSB on the same frequency location as serving cell NCD-SSB/[CD-SSB] 
· FFS whether to support Case B-2 
· Case B-2: Some neighbour cells include NCD-SSB, and some neighbour cells without NCD-SSB on the same frequency location as serving cell NCD-SSB/CD-SSB
· Note: if the scenario is supported then no new requirements or minimum changes shall be introduced comparing to Case A and B-1 requirements
Whether to define neighbour cell measurement requirements for NCD-SSB
RAN4 to define requirements for RRM measurement on neighbour cell based on CD-SSB or NCD-SSB for the agreed scenarios mentioned above.
New NCD-SSB capability for non-RedCap UE
No need to discuss whether new NCD-SSB capability is to be introduced for non-RedCap UE.
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· 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


In our view, SSB in the active BWP is used (CD-SSB or NCD-SSB) as reference SSB to decide measurement type as we have agreed to only consider the cases of active BWP including SSB. Option 2 is independent to RAN2 decision and no additional signaling needed. The legacy measurement framework could work and no much modification needed. For network indication based rule, there would be dynamic change between the measurement with gap and without gap, which would also complicate the UE behavior.
Proposal 1: SSB in the active BWP is used (CD-SSB or NCD-SSB) as reference SSB to decide measurement type.
2.1 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.


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. As agreed in last meeting to define requirements for 1RX and 2RX capable RedCap UEs based on single searcher assumption, we think it is reasonable for RedCap UE not supporting ‘inter-frequency without gap’ measurement capability. 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.
Proposal 2: RedCap UE won’t support ‘Inter-frequency without gap’ measurement capability in Rel-17.
	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:
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Proposal 3: 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
CSSF within gap
· Option 1 (E///, MTK):	RAN4 needs to clarify the definition of intra-frequency measurements considering the use of NCD-SSB for measurements for RedCap UE before discussing the CSSF design.
· Option 1a (E///): The current design for CSSF within gap could be reused for RedCap UE provided that the definition of intra-frequency measurement for RedCap UE is as follow.
· 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.
The agreements can be revisited once RAN4 has agreement on the definition of intra-frequency measurement.
· Option 2 (Xiaomi, Apple, vivo, ZTE, HW, CMCC, OPPO, Nokia): The current design for CSSF within gap could be reused for RedCap UE.
· Option 3 (E///, CMCC): RAN4 needs to revisit the design for CSSF within gap/gap sharing scheme to promote pCell’s measurement.
· Option 3a (CMCC): Consider to add additional two values of measGapSharingScheme factor for RedCap UE, e.g. 85%, 95%.


As agreed, The current design for CSSF within gap could be reused for RedCap UE. For CSSF outside gap, if RAN4 agreed that RedCap UE won’t support ‘Inter-frequency without gap’ measurement capability, we prefer to define the CSSFoutside_gap,i = 1.
Proposal 4: CSSFoutside_gap,i = 1 for RedCap UE measurement outside gap based on Rel-15 requirement.

	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.


Given that there is no CA/DC, RedCap UE only supports single carrier and single searcher as baseline. It usually cannot support two parallel measurement based on per-FR capability. 
But we can also compromise to option 3. If redcap UE supports either FR1 or FR2, then option 1 is fine. If there is RedCap UE who support both FR1 and FR2, then the issues depends on per-FR gap capability.
Proposal 5: If a RedCap UE support both FR1 and FR2, whether RedCap UE can support per-FR gap(e.g., independentGapConfigdf) depends on UE capability.
2.2 PSS/SSS detection with 1 Rx
	PSS/SSS detection with 1 Rx
If number of attempts are increased, how much to increase for FR1
· Option 2 (vivo, Nokia, HW, MTK, E///, Apple): 1 sample
· Option 3 (QC): by 3 samples
Whether to extend the lower bound in PSS/SSS detection delay in FR1 and FR2 
· Option 1 (Apple, vivo, Nokia, HW, MTK, E///): No 
· Option 2 (QC): Yes for FR1
· increase the lower bound from 600ms to 960 ms 


At last meeting it was agreed to increase the number of attempts for PSS/SSS detection for 1 Rx RedCap UE in FR1. We can support to increase 1 sample and extend the lower bound from 600ms to 960 ms considering UE power saving issues.
Proposal 6: For PSS/SSS detection with 1 Rx，increase 1 sample and extend lower bound from 600ms to 960 ms.
2.3 Time index detection with 1 Rx
	Side condition for defining requirements in FR1
· Define the time index detection delay in FR1 for RedCap UEs based on the side condition of -6dB 
· Define the time index detection delay in FR1 for RedCap UEs for the worst-case scenario (within the proposed channel profiles)
Whether to extend time index delay in FR1 (PBCH-DMRS detection)
The time index delay in FR1 (PBCH-DMRS detection) is extended. 
Whether to extend the lower bound in time index detection delay
The lower bound in the time index detection delay is extended as follows:
· non-DRX delay requirement: max(160ms, ceil( 4 x Kp ) x SMTC period)x CSSFintra
If extended, how much to extend time index delay in FR1
· Option 1 : by 1 SMTC compared to legacy requirements
· Option 2 (Nokia, E///, Apple, vivo): by 2 samples/SMTC
· Option 3 (QC, HW): by 4 samples/SMTC, i.e. 7 attempts in total
· Option 4 (QC): by 3 samples/SMTC, i.e. 6 attempts in total


Based on companies’ simulation results，the requirements are defined for the worst case scenarios in the agreed channel profiles and at least 7 samples are needed in total. To make some progress we can compromise to extend by 3 samples, i.e., a total of 6 samples.
Proposal 7：For time index detection with 1 Rx，compromise to extend by 3 samples, i.e., a total of 6 samples.
2.4 SSB based L3 measurement with 1 Rx
	Whether lower bound in measurement period for 1 Rx requirements is extended in FR1
· Option 2 (Apple, MTK, QC): Only lower bound is extended while keeping the same number of samples.
· Lower bound extended to 400 ms as follows: 
· max(400ms, ceil( 5 x Kp) x SMTC period) x CSSFintra
· Option 3 (HW, E///, Nokia, vivo): Lower bound is not extended compared to Release 15 requirements. 
Relaxation of accuracy levels for FR1
· FFS: Absolute accuracy by 1 dB compared to legacy requirements for 2 Rx UE
· FFS: Relative accuracy by 1 dB compared to legacy requirements for 2 Rx UE


As agreed, measurement period (# of samples) for 1 Rx requirements for SSB based L3 measurement in FR1 is same as in Release 15 requirements. As the sample number keep unchanged for L3 measurement, it is straight forward not to extend the lower bound, even though we understand the motivation of option 2 is to power saving.
Proposal 8: For SSB based L3 measurement with 1 Rx, lower bound is not extended compared to Release 15 requirements.
3 Conclusion
Proposal 1: SSB in the active BWP is used (CD-SSB or NCD-SSB) as reference SSB to decide measurement type.
Proposal 2: RedCap UE won’t support ‘Inter-frequency without gap’ measurement capability in Rel-17.
Proposal 3: 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.
Proposal 4: CSSFoutside_gap,i = 1 for RedCap UE measurement outside gap based on Rel-15 requirement.
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