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1 Introduction
In this contribution paper, we discuss the remaining open issues on measurement procedure captured in the way forward (WF) [1]. Also, we provide LLS performance for cell detection, RLM/BFD performance, and hypothetical PDCCH performance simulation performance in RedCap.
2 Discussion on remaining open issues
In this section, we provide our views for the remaining open issues from WF [1] on the use of NCD-SSB, CSSF gap, PSS/SSS detection, SSB based L3 and measurement condition for HD-FDD. 
2.1. Discussion on the use of NCD-SSB for CONNECTED mode measurements
The open issues from the WF are given 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.

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.



Reference SSB to decide measurement type (intra- or inter-frequency)
Definition of SSB based intra-frequency measurement
For the above two issues, RAN4 sent an LS to RAN2 and asked which SSB is the reference SSB to define the intra-frequency measurements. Hence, RAN4 shall wait for RAN2 response. 
Proposal 1: [bookmark: _Ref101446963]RAN4 shall wait for RAN2 response on the reference SSB to define the intra-frequency measurements.

When both CD-SSB and NCD-SSB are configured for serving cell measurements
When both CD-SSB and NCD-SSB are configured for serving cell measurements and both require MG
When both CD-SSB and NCD-SSB are configured for neighbour cell measurements
For the above three issues, RAN4 should refer to the recent agreement from RAN2 [2]:  
	· 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.
· 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).
· Open issue: It should be possible to associate the dedicated BWPs with NCD-SSBs with the ServingCellMO so that it is possible for the UE to know which MO to use when it switches the active BWP.


In our view, RAN2 already allow to configure multiple MOs for CD-SSB and NCD-SSBs. Yet, the key point is not about the RRC configuration, but it is about the corresponding UE behaviour. Now, given that we agreed in RAN4 that all BWP have SSB and the UE has one BWP to monitor at any point in time, hence, the UE always pick one MO for measurement according to its active DL BWP. 
Proposal 2: [bookmark: _Ref101797098]For CONNECTED mode for intra-frequency measurement, the requirement is defined based on the SSB within the active BWP.
Proposal 3: [bookmark: _Ref101797114]A measurement is defined as a SSB based intra-frequency measurement provided:
- The centre frequency of the SSB of the serving cell indicated for measurement 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 and
- [the SSB to be measured are within the active BWP of the UE].

Neighbour cell’s NCD-SSB information
For the above issue, the neighbouring cell’s NCD-SSB information shall be provided to the UE and the UE is not required to read neighbouring cell SIB to figure out the neighbour cell’s NCD-SSB by itself. Besides, it is not clear to us the reason for option 2: wait for RAN2 conclusion? Hence, RAN4 shall support option 1 for the above issue.
Proposal 4: [bookmark: _Ref101446996]RAN4 shall support that the neighbour cell’s NCD-SSB information (frequency/SCS) shall be provided to UE if UE is configured to perform cell identification/measurement on neighbour cell’s NCD-SSB, i.e., UE is not required to read neighbour cell SIB to figure out the neighbour cell’s NCD-SSB by itself.

Delay requirements for NCD-SSB based measurement
Based on the agreed scenarios in the previous meeting, we don’t see a need for any new requirements to be introduced. 
Proposal 5: [bookmark: _Ref101447013]RAN4 shall not introduce any new delay requirements for NCD-SSB based measurements and the current requirements shall apply.

Periodicity of NCD-SSB
Our preference for the periodicity of the NCD-SSB is that both CD-SSB and NCD-SSB shall have the same periodicity, also, the NCD-SSB periodicity shall not be greater than 160ms. 
Proposal 6: [bookmark: _Ref101447027]RAN4 shall assume that periodicity of NCD-SSB is same as periodicity of corresponding CD-SSB from the same cell and that the periodicity of NCD-SSB cannot be configured to be greater than 160ms.

Reporting of RS type (NCD-SSB or CD-SSB) as part of RRM measurement reporting
This issue should be left to RAN2 to decide on and hence there is no need to discuss this in RAN4.
Proposal 7: [bookmark: _Ref101447041]RAN4 shall not discuss the reporting of RS type.
2.2. Discussion on CSSF
The open issues from the WF are given below: 
	11.1.1 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.
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.



Inter-frequency without gap
From the previous RAN4 meeting#102-e and during rel-16 maintenance, RAN4 sent an LS to RAN2 on UE capability for inter-frequency measurement without MG with the following [3]:
	[bookmark: _Hlk101532462]RAN4 has discussed the UE and network behaviour related to interFrequencyMeas-Nogap-r16, during the maintenance of RRM requirements for inter-frequency measurement without MG. The following is common understanding in RAN4:
· Non-CA capable UE is not expected to indicate support of interFrequencyMeas-Nogap-r16.


Also, the sentence ‘Non-CA capable UE is not expected to indicate support of interFrequencyMeas-Nogap-r16’ is captured in the CR on inter-frequency measurement without MG R16 [4]. Now given that RedCap UEs are non-CA capable UE, therefore, the RedCap UE is not expected to indicate support of interFrequnecyMeas-Nogap-r16. Thus, we shall support option 1: RedCap UE won’t support ‘Inter-frequency without gap’ measurement capability in Rel-17.
Observation 1: [bookmark: _Ref94865593]From rel-16 NR, non-CA capable UE is not expected to indicate support of interFrequencyMeas-Nogap-r16.
Proposal 8: [bookmark: _Ref101447072]RedCap UE shall not support interFrequencyMeas-Nogap-r16 in Rel-17 because it is a non-CA capable UE.

Assumption on searcher
Based on our views provided for the previous issue of inter-frequency without gap, hence, RAN4 shall support option 2: The searcher shall 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 9: [bookmark: _Ref95740133]The searcher shall 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. (Same as Proposal 7)

CSSF outside gap
[bookmark: _Hlk101385139]Based on our views provided for the issue of inter-frequency without gap, hence, RAN4 shall support option 1: CSSFoutside_gap,I = 1 for RedCap UE measurement outside gap based on Rel-15 requirement.
Proposal 10: [bookmark: _Ref101447095]For the CSSF outside gap, CSSFoutside_gap,I = 1 for RedCap UE measurement outside gap based on Rel-15 requirement.

Type of measurement gaps (if considered)
Whether the UE can support the per-FR gap or not depends on the UE and in general there is no issue that the UE supports per-FR gap. However, given that the UE will have one serving cell (i.e. One CC), hence, having per-FR gap is meaningless. This is because whether the UE is configured with per-FR gap or per-UE gap, the UE behaviour is always the same as per-UE gap. In addition, this issue shall impact the spec writing only and no technical impact to the UE performance.
Proposal 11: [bookmark: _Ref101447105] If MG is needed, both per-UE and per-FR MG can be supported by UE, but they both share the same per-UE MG based cell identification/measurement requirement.

2.3. Discussion on PSS/SSS detection with 1Rx
The open issues from the WF are given below: 
	11.1.2 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 


[bookmark: _Ref95740154]For the PSS/SSS detection with 1Rx related issues, our preference to support 1 sample and no change to the lower bound, however, we can compromise to the suggested option from Ericsson during the previous meeting discussion:
· Number of attempts are extended by 1.
· Lower bound in PSS/SSS detection delay is extended from 600 to 760 ms, i.e. extension by 160 ms. 

Proposal 12: [bookmark: _Ref101447122] For PSS/SSS detection with 1Rx, the number of attempts are extended by 1 and the lower bound in PSS/SSS detection delay is extended from 600 to 760 ms, i.e. extension by 160 ms.

2.4. Discussion on time index detection with 1Rx
The agreed issue from the WF are given below: 
	11.1.4 Time index detection with 1 Rx
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


For the time index detection with 1Rx related issue, it is not clear whether the lower bound extension is applied for the non-DRX only, or also for the case of DRX, hence, RAN4 should clarify that.
Proposal 13: [bookmark: _Ref101797925] For the lower bound in the time index detection delay, RAN4 shall clarify if the lower bound extension applies to the cases with DRX too.
2.5. Discussion on SSB based L3 measurements with 1Rx
The open issues from the WF are given below: 
	11.1.4: 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


To our understanding, we need to relax the accuracy if we keep the measurement period the same. However, whether to extend the lower bound we don’t have a strong preference in here but we are fine to compromise and support option 2: Only lower bound is extended while keeping the same number of samples. 
Proposal 14: [bookmark: _Ref95740166][bookmark: _Ref101447131]We support the following: Only lower bound in measurement period for 1 Rx requirements is extended in FR1 while keeping the same number of samples.
Proposal 15: [bookmark: _Ref101447141]We support the accuracy relaxation by 1 dB compared to the legacy requirements for 2Rx UE.

2.6. Discussion on measurement condition for HD-FDD
The open issues from the WF are given below: 
	Measurement conditions for HD-FDD UE
Scheduling availability for HD-FDD UE in CONNECTED mode
· Option 1 (vivo): 
· Support introducing scheduling availability restriction on 5G NR RedCap UEs performing measurements in HD-FDD bands in CONNECTED mode.
· Support clarifying that the scheduling restriction is for intra-frequency and inter-frequency measurements in CONNECTED mode in HD-FDD bands.
· Option 2 (E///, CMCC, MTK): No scheduling restriction needed.  


To our understanding, the DL measurements shall be prioritized over UL transmission, yet, this has already agreed in the previous meeting and hence we don’t think there is a need to further discuss the above issue.
Proposal 16: [bookmark: _Ref95740181]RAN4 shall not discuss further the issues of scheduling availability for HD-FDD UE in CONNECTED mode.

2.7. Discussion on CGI reading
The open issues from the WF are given below: 
	SIB1 decodign delay for CGI reading
· Option 1 (E///, Nokia): 	6 samples are needed for 1Rx RedCap UE to achieve the SIB1 90% successful rate.
· Option 2 (HW, QC): More samples are needed. 
· Option 2a (Huawei):12 samples are needed in FR1 for 1Rx RedCap UE to achieve the SIB1 90% successful rate.
Assistance information for CGI reading
· Option 1 (E///): 	If indicated by network, UE will further report the NCD-SSB information (such as SSB-frequency, SCS etc.) together with global cell ID when UE reporting the CGI.
· Option 2 (HW, MTK, Nokia, QC): 	Depends on RAN2 conclusion. 
· Option 3 (Apple): 	Not in RedCap WI scope.


Assistance information for CGI reading
This issue may be related to RAN2 discussion and hence RAN4 shall not discuss this. 
Proposal 17: [bookmark: _Ref101447169]For the assistance information for CGI reading for RedCap, it depends on RAN2 conclusion.

3 Link-level simulation performance
3.1. Cell detection performance
The cell detection simulation is carried out to provide us with some views on PSS/SSS detection delay requirements with simulation assumptions given in [5]. The following table shows the 90%-ile PSS/SSS acquisition time for different channels and with different subcarrier spacing (i.e different numerologies). 
[bookmark: _Ref47480467]Table 1: The 90%-iles PSS/SSS acquisition time with SNR = -6dB in FR1
	Channel
	Scenario
	Case
	Number of required SSBs

	AWGN
	15KHz
	#1
	1

	
	30KHz
	#1
	1

	TDL-A
	15KHz
	#1
	3

	
	30KHz
	#1
	3

	TDL-B
	15KHz
	#1
	3

	
	30KHz
	#1
	3

	TDL-C
	15KHz
	#1
	3

	
	30KHz
	#1
	3



Table 2: The 90%-iles PSS/SSS acquisition time with SNR = -2dB in FR1
	Channel
	Scenario
	Case
	Number of required SSBs

	AWGN
	15KHz
	#1
	1

	
	30KHz
	#1
	1

	TDL-A
	15KHz
	#1
	2

	
	30KHz
	#1
	2

	TDL-B
	15KHz
	#1
	2

	
	30KHz
	#1
	2

	TDL-C
	15KHz
	#1
	2

	
	30KHz
	#1
	2



From the simulation results, it is observed that the required number of SSB (i.e. PSS/SSS) samples for cell detection for RedCap UE for the 90%ile of the CDF of the PSS/SSS detection time is up to 3 samples. Now, if we compare this result to the results of rel-15, when 2 Rx were used, where from [6] it is given that the number of PSS/SSS samples for the TDL-A channel (reported by the majority of the contributors) was equal 2, which means one samples less compared to using 1 Rx for RedCap. Therefore, the existing requirements that are based on the LLS performance results should be extended by one extra sample to address the 1 Rx of RedCap. 










3.2. RLM/BFD performance results
In this section, we provide simulation performance for hypothetical PDCCH for RLM/BFD, and simulation for RLM/BFD RedCap. 
3.2.1. Hypothetical PDCCH performance for RLM/BFD 
The performance evaluation for hypothetical PDCCH for RedCap UE is provided in here and where the simulation assumption parameters provided in [7].
Table 3: PDCCH performance impact in RLM/BFD using FR1, SCS = 15kHz
	FR1, 2x1 and 2x2 MIMO, SCS 15 kHz
	AWGN
	TDL-A 30 ns, 30 km/h
	TDL-B 100 ns, 30 km/h
	TDL-C 300 ns, 30 km/h

	PDCCH performance for RLM (OOS):
	SNR at BLER = 10%

	SSB based RLM Option 2: CCE 8 with OOS: 4dB (2x2 MIMO)
	-11.43
	-8.8
	-9.34
	-9.47

	SSB based RLM Option 1: CCE 16 with OOS: 4dB (2x1 MIMO)
	-11.39
	-7.34
	-8.62
	-8.94

	CSI-RS based RLM CCE 8 with OOS: 4dB (2x2 MIMO)
	-11.38
	-8.88
	-9.4
	-9.48

	CSI-RS based RLM CCE 16 with OOS: 4dB (2x1 MIMO)
	-11.39
	-7.34
	-8.62
	-8.94

	PDCCH performance for RLM (IS):
	SNR at BLER = 2%

	SSB based RLM Option 2: CCE 4 with IS: 0dB (2x2 MIMO)
	-4.47
	0.74
	-0.03
	-0.37

	SSB based RLM Option 2: CCE 8 with IS: 0dB (2x1 MIMO)
	-4.48
	3.4
	1.27
	0.57

	SSB based RLM Option 2: CCE 4 with IS: 3dB (2x1 MIMO)
	-4.85
	4.86
	2.83
	2.17

	CSI-RS based RLM CCE 4 with IS: 0dB (2x2 MIMO)
	-4.39
	0.39
	-0.22
	-0.54

	CSI-RS based RLM CCE 8 with IS: 0dB (2x1 MIMO)
	-4.41
	2.69
	1.05
	0.35

	CSI-RS based RLM CCE 4 with IS: 3dB (2x1 MIMO)
	-4.79
	4.13
	2.84
	2.03

	PDCCH performance for BFD:
	SNR at BLER = 10%

	SSB based BFD Option 2: CCE 8 with 0dB (2x2 MIMO)
	-7.5
	-4.79
	-5.34
	-5.56

	SSB based BFD Option 2: CCE 8 with 3dB (2x1 MIMO)
	-8.11
	-3.27
	-4.43
	-4.71

	SSB based BFD Option 1: CCE 16 with 0dB (2x1 MIMO)
	-7.45
	-3.32
	-4.62
	-4.98

	CSI-RS based BFD: CCE 8 with 0dB (2x2 MIMO)
	-7.44
	-4.87
	-5.4
	-5.55

	CSI-RS based BFD: CCE 8 with 3dB (2x1 MIMO)
	-8.05
	-3.47
	-4.54
	-4.83

	CSI-RS based BFD: CCE 16 with 0dB (2x1 MIMO)
	-7.45
	-3.32
	-4.62
	-4.98








Table 4: PDCCH performance impact in RLM/BFD using FR1, SCS = 30kHz
	FR1, 2x1 and 2x2 MIMO, SCS 30 kHz
	AWGN
	TDL-A 30 ns, 30 km/h
	TDL-B 100 ns, 30 km/h
	TDL-C 300 ns, 30 km/h

	PDCCH performance for RLM (OOS):
	SNR at BLER = 10%

	SSB based RLM Option 2: CCE 8 with OOS: 4dB (2x2 MIMO)
	-11.39
	-9.08
	-9.33
	-9.52

	SSB based RLM Option 1: CCE 16 with OOS: 4dB (2x1 MIMO)
	-11.08
	-7.95
	-8.88
	-8.81

	CSI-RS based RLM CCE 8 with OOS: 4dB (2x2 MIMO)
	-11.34
	-9.23
	-9.38
	-9.39

	CSI-RS based RLM CCE 16 with OOS: 4dB (2x1 MIMO)
	-11.08
	-7.95
	-8.88
	-8.81

	PDCCH performance for RLM (IS):
	SNR at BLER = 2%

	SSB based RLM Option 2: CCE 4 with IS: 0dB (2x2 MIMO)
	-4.44
	0.17
	-0.56
	-0.67

	SSB based RLM Option 2: CCE 8 with IS: 0dB (2x1 MIMO)
	-4.47
	2.55
	0.55
	0.21

	SSB based RLM Option 2: CCE 4 with IS: 3dB (2x1 MIMO)
	-4.86
	3.88
	2.28
	1.88

	CSI-RS based RLM CCE 4 with IS: 0dB (2x2 MIMO)
	-4.41
	0
	-0.44
	-0.31

	CSI-RS based RLM CCE 8 with IS: 0dB (2x1 MIMO)
	-4.39
	1.89
	0.17
	0.16

	CSI-RS based RLM CCE 4 with IS: 3dB (2x1 MIMO)
	-4.75
	3.56
	2.22
	2.09

	PDCCH performance for BFD:
	SNR at BLER = 10%

	SSB based BFD Option 2: CCE 8 with 0dB (2x2 MIMO)
	-7.5
	-5.08
	-5.49
	-5.57

	SSB based BFD Option 2: CCE 8 with 3dB (2x1 MIMO)
	-8.09
	-3.68
	-4.74
	-4.83

	SSB based BFD Option 1: CCE 16 with 0dB (2x1 MIMO)
	-7.41
	-3.96
	-4.96
	-4.85

	CSI-RS based BFD: CCE 8 with 0dB (2x2 MIMO)
	-7.43
	-5.23
	-5.54
	-5.45

	CSI-RS based BFD: CCE 8 with 3dB (2x1 MIMO)
	-8.01
	-3.91
	-4.85
	-4.75

	CSI-RS based BFD: CCE 16 with 0dB (2x1 MIMO)
	-7.41
	-3.96
	-4.96
	-4.85









Table 5: PDCCH performance impact in RLM/BFD using FR2, SCS = 60, 120 kHz
	FR2, 2x1 and 2x2 MIMO
	SCS 60 kHz
	SCS 120 kHz

	
	AWGN
	TDL-A 30 ns, 30 km/h
	AWGN
	TDL-A 30 ns, 30 km/h

	PDCCH performance for RLM (OOS):
	SNR at BLER = 10%

	SSB based RLM Option 2: CCE 8 with OOS: 4dB (2x2 MIMO)
	-11.32
	-9.23
	-11.45
	-9.18

	SSB based RLM Option 1: CCE 16 with OOS: 4dB (2x1 MIMO)
	-11.19
	-8.05
	-11.38
	-8.43

	CSI-RS based RLM CCE 8 with OOS: 4dB (2x2 MIMO)
	-11.27
	-9.17
	-11.41
	-9.34

	CSI-RS based RLM CCE 16 with OOS: 4dB (2x1 MIMO)
	-11.19
	-8.05
	-11.38
	-8.43

	PDCCH performance for RLM (IS):
	SNR at BLER = 2%

	SSB based RLM Option 2: CCE 4 with IS: 0dB (2x2 MIMO)
	-4.47
	0.15
	-4.46
	-0.09

	SSB based RLM Option 2: CCE 8 with IS: 0dB (2x1 MIMO)
	-4.51
	1.6
	-4.48
	1.23

	SSB based RLM Option 2: CCE 4 with IS: 3dB (2x1 MIMO)
	-4.87
	3.23
	-4.87
	2.74

	CSI-RS based RLM CCE 4 with IS: 0dB (2x2 MIMO)
	-4.4
	0.11
	-4.39
	-0.38

	CSI-RS based RLM CCE 8 with IS: 0dB (2x1 MIMO)
	-4.43
	1.69
	-4.4
	0.56

	CSI-RS based RLM CCE 4 with IS: 3dB (2x1 MIMO)
	-4.78
	3.31
	-4.79
	2.17

	PDCCH performance for BFD:
	SNR at BLER = 10%

	SSB based BFD Option 2: CCE 8 with 0dB (2x2 MIMO)
	-7.53
	-5.23
	-7.5
	-5.22

	SSB based BFD Option 2: CCE 8 with 3dB (2x1 MIMO)
	-8.13
	-4.01
	-8.13
	-4.15

	SSB based BFD Option 1: CCE 16 with 0dB (2x1 MIMO)
	-7.45
	-4.04
	-7.45
	-4.46

	CSI-RS based BFD: CCE 8 with 0dB (2x2 MIMO)
	-7.45
	-5.15
	-7.47
	-5.38

	CSI-RS based BFD: CCE 8 with 3dB (2x1 MIMO)
	-8.04
	-4.01
	-8.05
	-4.56

	CSI-RS based BFD: CCE 16 with 0dB (2x1 MIMO)
	-7.45
	-4.04
	-7.45
	-4.46


For the hypothetical PDCCH parameters for RLM and BFD, the parameters should be adapted for 1Rx. For OOS parameters, the only available option is to increase the CCE level, however, for the IS and BFD either increasing the CCE level or increasing the RE energy can be considered. Now, if we consider increasing the CCE level for both IS and OOS we can ensure that the SNR gap between IS and OOS is maintained the same. 



3.2.2. RLM/BFD performance
The RLM/BFD performance based on the simulation assumption from [8] is provided below:
Table 6: SSB/CSI-RS based RLM/BFD performance 
	RLM based signals 
	SCS (kHz)
	Number of samples
	Delta SINR (dB)

	
	
	
	AWGN
	TDL-A 30 ns, 30 km/h
	TDL-B 100 ns, 30 km/h
	TDL-C 300 ns, 30 km/h

	SSB
	15 kHz
	5
	9 
	7.5 
	7.5 
	7.7 

	
	
	10
	6 
	5.5 
	5.5 
	5 

	
	
	20
	4.5 
	3.75 
	3.5 
	3.75 

	
	30 kHz
	5
	6.75 
	7.5 
	7 
	7.5 

	
	
	10
	4.75 
	5.5 
	4.75 
	5.25 

	
	
	20
	3.25 
	3.5 
	3.25 
	3.5 

	
	120 kHz
	5
	6.5 
	8 
	NA
	NA

	
	
	10
	5.5 
	5.5 
	
	

	
	
	20
	3.5 
	4.5 
	
	

	CSI-RS
	15kHz
	10
	10 
	6.5 
	13.5 
	11 

	
	
	20
	9 
	5 
	10.5 
	8.75 

	
	
	40
	8 
	4.5 
	8.5 
	6.75 

	
	30 kHz
	10
	7.5
	9.25
	8
	7.5

	
	
	20
	6
	8.25
	6.25
	5.5

	
	
	40
	4.5
	6.75
	4.75
	4.25

	
	120 kHz
	10
	6.25
	11
	NA
	NA

	
	
	20
	4.25
	9.5
	
	

	
	
	40
	3.25
	7
	
	


Based on the simulation performance using 1Rx in RedCap UE, the delta SINR is worse than the case of using 2Rx. Now, whether to extend the period or not should depends on the outcome of the hypothetical PDCCH parameters discussion. 



4 Summary
In this contribution, LLS performance for RedCap UEs are provided and we have the following observations and proposals: 
Proposal 1: RAN4 shall wait for RAN2 response on the reference SSB to define the intra-frequency measurements.
Proposal 2: For CONNECTED mode for intra-frequency measurement, the requirement is defined based on the SSB within the active BWP.
Proposal 3: A measurement is defined as a SSB based intra-frequency measurement provided:
- The centre frequency of the SSB of the serving cell indicated for measurement 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 and
- [the SSB to be measured are within the active BWP of the UE].
Proposal 4: RAN4 shall support that the neighbour cell’s NCD-SSB information (frequency/SCS) shall be provided to UE if UE is configured to perform cell identification/measurement on neighbour cell’s NCD-SSB, i.e., UE is not required to read neighbour cell SIB to figure out the neighbour cell’s NCD-SSB by itself.
Proposal 5: RAN4 shall not introduce any new delay requirements for NCD-SSB based measurements and the current requirements shall apply.
Proposal 6: RAN4 shall assume that periodicity of NCD-SSB is same as periodicity of corresponding CD-SSB from the same cell and that the periodicity of NCD-SSB cannot be configured to be greater than 160ms.
Proposal 7: RAN4 shall not discuss the reporting of RS type.
Observation 1: From rel-16 NR, non-CA capable UE is not expected to indicate support of interFrequencyMeas-Nogap-r16.
Proposal 8: RedCap UE shall not support interFrequencyMeas-Nogap-r16 in Rel-17 because it is a non-CA capable UE.
Proposal 9: The searcher shall 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 10: For the CSSF outside gap, CSSFoutside_gap,I = 1 for RedCap UE measurement outside gap based on Rel-15 requirement.
Proposal 11:  If MG is needed, both per-UE and per-FR MG can be supported by UE, but they both share the same per-UE MG based cell identification/measurement requirement.
Proposal 12:  For PSS/SSS detection with 1Rx, the number of attempts are extended by 1 and the lower bound in PSS/SSS detection delay is extended from 600 to 760 ms, i.e. extension by 160 ms.
Proposal 13: For the lower bound in the time index detection delay, RAN4 shall clarify if the lower bound extension applies to the cases with DRX too.
Proposal 14: We support the following: Only lower bound in measurement period for 1 Rx requirements is extended in FR1 while keeping the same number of samples.
Proposal 15: We support the accuracy relaxation by 1 dB compared to the legacy requirements for 2Rx UE.
Proposal 16: RAN4 shall not discuss further the issues of scheduling availability for HD-FDD UE in CONNECTED mode.
Proposal 17: For the assistance information for CGI reading for RedCap, it depends on RAN2 conclusion.
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