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1. Introduction
In last RAN4 meeting, the measurement procedure for RedCap has been discussed and the conclusions were captured in the WF[1]. 

In this contribution, we further discuss the remaining issues for the measurement procedure for RedCap UE.
2. Discussion
2.1 Use of NCD-SSB for CONNECTED mode measurements
Regarding the intra-frequency definition, it was discussed as below,
	[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.


Based on the above discussion, if neighbor cell’s NCD-SSB measurement is specified, RAN4 also needs to determine the definition of intra-frequency and inter-frequency measurement. Different from legacy cases, to RedCap UE, there would be two kinds of SSBs from one target cell, and also its serving cell may also have two kinds of SSBs. in last meeting, RAN2 agreed that,

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. servingCellMO is configured to the MO on the CD-SSB when RedCap specific BWP of a UE contains neither CD-SSB nor NCD-SSB.
3. A RedCap UE may be configured with multiple NCD-SSBs provided that each BWP is configured with at most one SSB

The serving cell MO (servingCellMO: This field is mandatory present for the SpCell if the UE has a measConfig, and it is optionally present, Need M, for SCells) is configured by network. RAN2 didn’t extend the serving cell MO to include both NCD-SSB and CD-SSB but only one SSB would be contained in the servingCellMO. There is no need to additionally indicate which is the reference SSB for intra-frequency measurement.

So there might be following scenarios:
1. CD-SSB is in servingCellMO and has same SCS and center-frequency as neighbor cell CD-SSB (legacy intra-frequency)
2. NCD-SSB is in servingCellMO and has same SCS and center-frequency as neighbor cell CD-SSB (intra-frequency for neighbor cell CD-SSB measurement)
3. CD-SSB is in servingCellMO and has same SCS and center-frequency as neighbor cell NCD-SSB (intra-frequency for neighbor cell NCD-SSB measurement)
4. NCD-SSB is in servingCellMO and has same SCS and center-frequency as neighbor cell NCD-SSB (intra-frequency for neighbor cell NCD-SSB measurement)

The reference SSB used to determine the intra/inter-frequency should be the SSB in the servingCellMO. If use SSB inside active BWP as the reference SSB, the intra-frequency and inter-frequency measurement would dynamically change due to BWP switching and the definition would be invalid when active BWP has no SSB inside. Thus, option 2 is not a feasible option to use. For RedCap UE supporting NCD-SSB measurement, a measurement is defined as an intra-frequency measurement provided the centre frequency of the reference SSB of the serving cell 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.

Proposal 1: The reference SSB of serving cell for UE to determine intra-frequency measurements is the SSB in corresponding servingCellMO (CD-SSB or NCD-SSB). No extra network indication is needed.

Based on proposal 1, we think option 2 in intra-frequency measurement definition is more accurate.
Proposal 2: For RedCap UE, A measurement is defined as an SSB based intra-frequency when:
· the centre frequency of the serving cell reference SSB 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.
In serving cell measurement, there are some thresholds configured by network to determine if neighbor cell measurement is needed, e.g., SIntraSearchP/SIntraSearchQ/SnonIntraSearchP/SnonIntraSearchQ for IDLE/Inactive mode and s-MeasureConfig for Connected mode. We also think those thresholds are also checked based on reference SSB measurement.
Proposal 3: the serving cell thresholds of SIntraSearchP/SIntraSearchQ/SnonIntraSearchP/SnonIntraSearchQ for IDLE/Inactive mode and s-MeasureConfig for Connected mode should be checked based on reference SSB measurement.
Regarding the serving cell measurement configuration, followings are the remaining issues from last meeting,
	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.


As we discussed above for proposal 1, based on RAN2 conclusions so far, we think only one SSB could be configured in servingCellMO, so we don’t need to further discuss the case when both CD-SSB and NCD-SSB are configured for serving cell measurement. Since in last meeting, RAN4 sent LS to RAN2 to ask such questions explicitly in R4-2207104, we can also wait the RAN2 confirmation before concluding on above issues.
Proposal 4: No need to discuss the case when both CD-SSB and NCD-SSB are configured for serving cell measurement in RAN4, unless RAN2 confirms the feasibility of such case in their reply LS.
Regarding the neighbor cell measurement on CD-SSB and/or NCD-SSB, the remaining issues are:
	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	



RAN2 agreed that,
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)

When both CD-SSB and NCD-SSB measurements are configured to the UE for neighbor cell measurement, we think UE shall follow the network configurations since it’s not much possible for UE to get the system information of neighbor cell to understand the CD-SSB and NCD-SSB configurations.
Proposal 5: When both CD-SSB and NCD-SSB neighbour cell measurement are configured, UE should follow NW’s configuration to perform measurements on both SSBs.
Based on RAN2 conclusions, it also expect network to provide the NCD-SSB information (frequency/SCS information) to UE for neighbor cell detection/measurement. If network could not provide such information of neighbor cell’s NCD-SSB to UE, UE can only detect the CD-SSB of neighbor cell with the legacy mechanism and UE is not required to read SIB to figure out the neighbor cell NCD-SSB by itself.
Proposal 6: 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.
Regarding the delay requirement based on NCD-SSB, RAN2 agreed that,
	· For connected mode operation NCD-SSB has the same properties (e.g., ssb-PositionsInBurst, PCI, ssb-periodicity, ssb-PBCH-BlockPower) as the corresponding CD-SSB. FFS if an additional property needs to be specified.
· The network may provide absoluteFrequencySSB and ssb-periodicity explicitly for NCD-SSB, i.e., other properties such as PCI, ssb-PBCH-BlockPower, ssb-PositionsInBurst are configured with the same values from serving cell's CD-SSB. FFS for the time offset (feedback from RAN1 might also be received)
· The working assumption “The periodicity of NCD-SSB shall be not less than the periodicity of serving cell’s CD-SSB.” is confirmed.


For a target cell, the power and periodicity of NCD-SSB and CD-SSB with same SSB index is same in the same cell. So, the measurement delay requirement for NCD-SSB shall be same as the requirement for CD-SSB on the same target cell. We can agree with option 2: Current requirements apply, no addition requirements are introduced.
Proposal 7: Measurement delay requirements for NCD-SSB can reuse the current requirements for CD-SSB and no addition requirements are needed.
	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.



Regarding the NCD-SSB periodicity, RAN2 agreed that it could be same as corresponding CD-SSB. Previously RAN4 agreed that periodicity of NCD-SSB shall be not less than periodicity of CD-SSB. So, we propose:
Proposal 8: RAN4 to assume that periodicity of NCD-SSB is same as periodicity of corresponding CD-SSB from the same cell.
How to organize RRM measurement reporting, i.e., whether the type of SSB shall be contained in the reporting, is up to RAN1/RAN2 decision, and RAN4 doesn’t need to have discussion on it.
Proposal 9: Whether Reporting of RS type (NCD-SSB or CD-SSB) as part of RRM measurement reporting is up to RAN1/RAN2.

RAN2 sent LS to RAN4 as below,
	1. Overall Description:
In RAN2#117-e, it was concluded that, from RAN2 signalling standpoint, CD-SSB and NCD-SSB(s) may be transmitted at different times by configuring an offset. RAN2 would like to ask RAN4 and RAN1 whether such offset is feasible/needed.

2. Actions:
To RAN4 and RAN1
ACTION: 	RAN2 kindly asks RAN4 and RAN1 to take the information above into consideration and provide feedback.



We had some discussion in last meeting about the half SFN index for CD-SSB and NCD-SSB. In previous meeting, some companies had concern on the power limitation at network side if NCD-SSB and CD-SSB are transmitted on same symbols (same half frame), and time offset from network side could also address this issue. Moreover, the time offset between NCD-SSB and CD-SSB could be easy for UE to locate e.g., the NCD-SSB position when completing the CD-SSB synchronization. Thus, we think it’s feasible and needed to configure a time offset between CD-SSB and corresponding NCD-SSB.

Proposal 10: RAN4 agrees that it’s feasible and needed to configure a time offset between CD-SSB and corresponding NCD-SSB. 

The draft reply LS is as following: 
	1. Overall Description:
RAN4 would like to thank RAN2 for their LS R2-2204115. RAN4 has discussed the feasibility of time offset between CD-SSB and NCD-SSB(s), and has achieved some agreements to answer RAN2’s questions as followings:
Question from RAN2: In RAN2#117-e, it was concluded that, from RAN2 signalling standpoint, CD-SSB and NCD-SSB(s) may be transmitted at different times by configuring an offset. RAN2 would like to ask RAN4 and RAN1 whether such offset is feasible/needed.
[RAN4’s answer]: RAN4 agrees that it’s feasible and needed to configure a time offset between CD-SSB and corresponding NCD-SSB.
2. Actions:
To RAN WG2:
	RAN4 respectfully asks RAN2 to take the above answer into consideration and decisions.
3. Date of Next RAN4 Meetings: 
TSG-RAN WG4 Meeting #104        	Aug 22 – 26, 2022    	Toulouse, FR
TSG-RAN WG4 Meeting #104-bis-e        Oct 10 – 19, 2022    		e-meeting



2.2 CSSF, gap related issues
In last meeting, some open issues were:
	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.



As RAN4 agreed that,
· When discussing possible combinations of Rel-16 features and RedCap, we should by default assume that the features are not applicable and then identify which features (such as R16 CSI-RS based L3 measurement, L1-SINR measurement, SFTD measurement, CGI reading, 2-step RACH, and PL-RS change, etc.) can be combined with RedCap case by case based on justification.
Since inter-frequency without gap (when inter-frequency SSB is inside active BWP) is a R16 introduced feature, we propose to not consider it in RedCap for now. Moreover, RedCap UE in FR1 only has 20MHz BW, it would be less possible to contain other inter-frequency SSB in its active BWP compared with legacy UEs.
Proposal 11: RedCap UE won’t support ‘Inter-frequency without gap’ measurement capability.
With the proposal 11, the CSSF outside MG shall be equivalent to 1 since no parallel inter-frequency gap-less measurement would share the searcher with the intra-frequency measurement MO. 
Proposal 12: 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 13: CSSFoutside_gap,i = 1 for RedCap UE measurement outside gap based on Rel-15 requirement.
2.3 PSS/SSS detection with 1 Rx
The remaining issues for PSS/SSS detection are:
	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 



For PSS/SSS detection, PBCH DMRS acquisition and SSB based RSRP measurement, the simulation results are summarized as in the following tables,

Table 1. PSS/SSS detection performance for 15kHz with 1Rx (SINR=-6dB)
	TC index
	TC of PSS/SSS detection
	Sample number

	1
	AWGN-15KHz-case1
	1

	2
	AWGN -15KHz-case2
	1

	3
	TDLA-15KHz-case1
	3

	4
	TDLA-15KHz-case2
	3

	5
	TDLB-15KHz-case1
	3

	6
	TDLB-15KHz-case2
	3

	7
	TDLC-15KHz-case1
	3

	8
	TDLC-15KHz-case2
	3



Table 2. PSS/SSS detection performance for 30kHz with 1Rx (SINR=-6dB)
	TC index
	TC of PSS/SSS detection
	Sample number

	11
	Static-30KHz-case1
	1

	12
	Static-30KHz-case2
	1

	13
	TDLA-30KHz-case1
	3

	14
	TDLA-30KHz-case2
	3

	15
	TDLB-30KHz-case1
	4

	16
	TDLB-30KHz-case2
	3

	17
	TDLC-30KHz-case1
	4

	18
	TDLC-30KHz-case2
	3



Compared with simulation results in R4-1711691, for FR1, 2 more samples are needed in the worst case.
Observation 1: 
In FR1, 2 more samples are needed for RedCap 1Rx PSS/SSS detection compared with legacy UE in the worst case.

Since the lower bound 600ms was from the baseline cell detection of LTE, like in LTE cat-1bis case, we don’t think it shall be changed for RedCap 1Rx case.
Proposal 14: the baseline intra-frequency PSS/SSS detection requirement without DRX shall be defined:
· In FR1, extend the PSS/SSS detection delay by 2 SMTC without changing the lower boundary ‘600ms’
· non-DRX delay requirement: max( 600ms, ceil( 7 x Kp) x SMTC period ) x CSSFintra

2.4 Time index detection with 1 Rx
The remaining issues for time index reading are:
	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



The PBCH DMRS detection simulation results are as below,

Table 3. FR1 Time index detection performance with 1Rx (SINR=-6dB)
	TC index
	PBCH DMRS identification TC
	Sample number

	1
	TDLA30-30 for 1 Rx with -6dB and 15kHz
	3

	2
	TDLB100-30 for 1 Rx with -6dB and 15kHz
	3

	3
	TDLC300-30 for 1 Rx with -6dB and 15kHz
	3

	4
	AWGN for 1 Rx with -6dB and 15kHz
	1

	5
	TDLA30-30 for 1 Rx with -6dB and 30kHz
	3

	6
	TDLB100-30 for 1 Rx with -6dB and 30kHz
	3

	7
	TDLC300-30 for 1 Rx with -6dB and 30kHz
	2

	8
	AWGN for 1 Rx with -6dB and 30kHz
	1



Compared with simulation results in R4-1711691, for FR1 1 more samples are needed in the worst case, and based on last meeting discussion, we can compromise to option 2 to use 2 more samples for FR1 time index reading.

Since the lower bound 120ms for FR1 time index reading requirement was based on 3 samples with typical SMTC periodicity =40ms, we think it shall be revised for the RedCap time index detection with 1Rx (since sample number of RedCap 1Rx is creased to 4 based on simulation and margin), i.e., revised to 4*40=160ms.
Proposal 15: the baseline FR1 intra-frequency time index detection requirement without DRX shall be defined:
· In FR1, extend the time index detection delay by 2 SMTC 
· non-DRX delay requirement: max(160ms, ceil( 5 x Kp ) x SMTC period)x CSSFintra
2.5 SSB based L3 measurement with 1 Rx
For SSB based measurement, agreements and open issues were:
	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



The SSB based RSRP measurement simulation results are as below,

Table 4. SSB based RSRP measurement accuracy for 15kHz with 1Rx (SINR=-6dB)
	[image: ]




Table 5. SSB based RSRP measurement accuracy for 30kHz with 1Rx (SINR=-6dB) (5 sample only)
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Compared with previous simulation results of RSRP measurement with 2Rx, for FR1, the degradation of measurement accuracy is 1dB with 5 samples in the worst case.

Observation 2: 
· For FR1 RSRP measurement error, there is no big difference between 5 samples and 8 samples (≤0.5dB). 
· For FR1, the degradation of measurement accuracy is 1dB with 5 samples in the worst case.

In LTE Cat-1bis or Cat-0 UE measurement requirement, even though the sample number is still 5, the total measurement period is doubled from 200ms to 400ms with consideration of longer duty cycle for those UEs. We think it also makes sense to save power for RedCap UE with longer duty cycle. So, we propose:

Proposal 16: the baseline SSB based intra-frequency RSRP measurement requirement without DRX shall be defined:
· Extend the lower bound of measurement delay to 400ms for FR1 for longer duty cycle (like in LTE cat1-bis) without increasing the sample number
· Delay is max(400ms, ceil( 5 x Kp) x SMTC period) x CSSFintra for FR1
Proposal 17: the baseline SSB based intra-frequency RSRP measurement accuracy requirement shall be defined:
· For FR1 RedCap with 1Rx
· Relax the current absolute and relative RSRP accuracy by 1dB  
3. Conclusion
In this contribution, we discuss the cell identification and measurement requirement for RedCap reduced capability.
Proposal 1: The reference SSB of serving cell for UE to determine intra-frequency measurements is the SSB in corresponding servingCellMO (CD-SSB or NCD-SSB). No extra network indication is needed.

Proposal 2: For RedCap UE, A measurement is defined as an SSB based intra-frequency when:
· the centre frequency of the serving cell reference SSB 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.
Proposal 3: the serving cell thresholds of SIntraSearchP/SIntraSearchQ/SnonIntraSearchP/SnonIntraSearchQ for IDLE/Inactive mode and s-MeasureConfig for Connected mode should be checked based on reference SSB measurement.
Proposal 4: No need to discuss the case when both CD-SSB and NCD-SSB are configured for serving cell measurement in RAN4, unless RAN2 confirms the feasibility of such case in their reply LS.
Proposal 5: When both CD-SSB and NCD-SSB neighbour cell measurement are configured, UE should follow NW’s configuration to perform measurements on both SSBs.
Proposal 6: 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.
Proposal 7: Measurement delay requirements for NCD-SSB can reuse the current requirements for CD-SSB and no addition requirements are needed.
Proposal 8: RAN4 to assume that periodicity of NCD-SSB is same as periodicity of corresponding CD-SSB from the same cell.
Proposal 9: Whether Reporting of RS type (NCD-SSB or CD-SSB) as part of RRM measurement reporting is up to RAN1/RAN2.
Proposal 10: RAN4 agrees that it’s feasible and needed to configure a time offset between CD-SSB and corresponding NCD-SSB. 
The draft reply LS to RAN2 is as following: 
	1. Overall Description:
RAN4 would like to thank RAN2 for their LS R2-2204115. RAN4 has discussed the feasibility of time offset between CD-SSB and NCD-SSB(s), and has achieved some agreements to answer RAN2’s questions as followings:
Question from RAN2: In RAN2#117-e, it was concluded that, from RAN2 signalling standpoint, CD-SSB and NCD-SSB(s) may be transmitted at different times by configuring an offset. RAN2 would like to ask RAN4 and RAN1 whether such offset is feasible/needed.
[RAN4’s answer]: RAN4 agrees that it’s feasible and needed to configure a time offset between CD-SSB and corresponding NCD-SSB.
2. Actions:
To RAN WG2:
	RAN4 respectfully asks RAN2 to take the above answer into consideration and decisions.
3. Date of Next RAN4 Meetings: 
TSG-RAN WG4 Meeting #104        	Aug 22 – 26, 2022    	Toulouse, FR
TSG-RAN WG4 Meeting #104-bis-e        Oct 10 – 19, 2022    		e-meeting


Proposal 11: RedCap UE won’t support ‘Inter-frequency without gap’ measurement capability.
Proposal 12: 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 13: CSSFoutside_gap,i = 1 for RedCap UE measurement outside gap based on Rel-15 requirement.
Proposal 14: the baseline intra-frequency PSS/SSS detection requirement without DRX shall be defined:
· In FR1, extend the PSS/SSS detection delay by 2 SMTC without changing the lower boundary ‘600ms’
· non-DRX delay requirement: max( 600ms, ceil( 7 x Kp) x SMTC period ) x CSSFintra
Proposal 15: the baseline FR1 intra-frequency time index detection requirement without DRX shall be defined:
· In FR1, extend the time index detection delay by 2 SMTC 
· non-DRX delay requirement: max(160ms, ceil( 5 x Kp ) x SMTC period)x CSSFintra
Proposal 16: the baseline SSB based intra-frequency RSRP measurement requirement without DRX shall be defined:
· Extend the lower bound of measurement delay to 400ms for FR1 for longer duty cycle (like in LTE cat1-bis) without increasing the sample number
· Delay is max(400ms, ceil( 5 x Kp) x SMTC period) x CSSFintra for FR1
Proposal 17: the baseline SSB based intra-frequency RSRP measurement accuracy requirement shall be defined:
· For FR1 RedCap with 1Rx
· Relax the current absolute and relative RSRP accuracy by 1dB  
References
[1] R4-2206950, WF on RedCap RRM requirements, Ericsson, RAN4 #102-e
[2] R2-2204115, LS on introduction of an offset to transmit CD-SSB and NCD-SSB at different times, Ericsson, RAN2 #117-e
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