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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In this contribution, we discuss the CONNECTED mode measurement procedures based on the agreed WF from last meeting in [1]. More specifically, we discuss and provide our view on following subtopics:
· Intra-frequency measurement definition
· CSSF design
· CGI reading
· Cell detection performance
· SSB based RSRP measurement performance
· Time index detection performance
· Measurement conditions for HD-FDD
Discussion
In last meeting, a WF[1] was agreed for RedCap measurement procedure. The open issues are listed as follow,
	Sub-topic 5-1 CSSF, gap related issues
Inter-frequency without gap
· Option 1: RedCap UE won’t support ‘Inter-frequency without gap’ measurement capability.
· Option 2: RAN4 needs to consider ‘inter-frequency without MG’ capability when define RedCap RRM requirements.
CSSF outside gap
· Option 1: CSSFoutside_gap,i = 1 for RedCap UE measurement outside gap based on Rel-15 requirement.
· Option 2: CSSFoutside_gap,I = A+B, where A is the intra-frequency without gap and B is the number of configured inter-frequency MOs without MG.
CSSF within gap
· Option 1: The current design for CSSF within gap could be reused for RedCap UE.
· Option 2: RAN4 needs to revisit the design for CSSF within gap/gap sharing scheme to promote PCell’s measurement.

Sub-topic 5-2 PSS/SSS detection with 1 Rx
If number of attempts are increased, how much to increase for FR1
· Option 1: Increase by 1 or 2 samples
· Option 1b: 2 samples
· Option 2: increase by 1 sample
· Option 3: increase by 5 - 6  samples 

Whether to extend number of attempts (samples) for PSS/SSS detection for FR2
· Option 1: Yes
· Option 2: No
Companies are encouraged to provide simulations results and analysis for next meeting. 

If number of attempts are increased, how much to increase for FR2
· Option 1: Increase by 1 or 2 samples
· Option 1b: 1 sample

Sub-topic 5-3 time index detection with 1 Rx
Whether to extend time index delay in FR1 (PBCH-DMRS detection)
· Option 1: Yes
· Option 2: No
· Note: Total 3 SSB samples is assumed for FR1 in Rel-15.

If extended, how much to extend time index delay in FR1
· Option 1: by 1 SMTC and extend the lower boundary to ‘160 ms’
· Option 2: 6 samples needed in total
· Option 3: 
· Option 3a: 8 attempts in total at -6 dB SNR
· Option 3b: 4 attempts in total at -3 dB SNR

Whether to extend time index delay in FR2 (MIB decoding)
· Option 1: Yes
· Note: Total 3 SSB samples is assumed for FR2 in Rel-15.

If extended, how much to extend time index delay in FR2
· Option 1: by 3 more samples
· Option 2: 11 samples needed in total






	
Sub-topic 5-4 SSB based L3 measurement with 1 Rx
If accuracy level is relaxed, how much to relax? FR1 and FR2
· Option 1: 
· For FR1 with 1Rx
· Relax the current absolute RSRP accuracy of +/-4.5dB to +/-7dB for max Io=-70dBm, and relax the other absolute accuracy by 1dB  
· Relax the relative accuracy by 1dB
· For FR2 with 1Rx
· Relax the current absolute and relative accuracy by 1dB
· Option 2: 0.5 dB
· Option 3: 1 dB for FR1, 1.5 dB for FR2

If accuracy level is relaxed, which measurement to relax FR1 and FR2
· Option 1: Absolute RSRP, relative RSRP, absolute RSRQ, relative RSRQ
· Option 2: Absolute RSRP, relative RSRP, absolute RSRQ, relative RSRQ + SINR

Whether legacy RF margin can be considered for RedCap for FR1
· Option 1: legacy 1.5dB RF margin reduction shall not be considered in RSRP accuracy requirement with max Io=-70dBm for RedCap FR1
· Option 2: Use same RF margin as in Rel-15 NR.

Sub-topic 5-5 Measurement conditions for HD-FDD UE
Priority between UL and DL during cell identification for HD-FDD
· Option 1: RRM DL measurement is prioritized over the UL transmission of HD-FDD for RedCap UE in cell identification and measurement requirement.
· Option 2:
· “The UE shall meet the current requirements on cell identification (PSS/SSS detection defined in Table x.y.z for FR1 and FR2) provided that at least 5 SMTC windows are available at the UE during cell identification time.” 
· “The UE shall meet the current requirements on time index detection (defined in Table x.y.z for FR1 and FR2) provided that at least 3 SMTC windows are available at the UE during time index detection.” 
· “The UE shall meet the current requirements intra-frequency/inter-frequency measurement (defined in Table x.y.z for FR1 and FR2) provided that at least 5 SMTC windows are available at the UE during measurement period.”

Measurement period relaxation for HD-FDD
· Option 1: Measurement period relaxation purely due to HD-FDD is not considered and some clarification on available samples can be made.


In last meeting, another WF[1] for NCD-SSB of RedCap UE was also agreed. RAN4 agreed that it’s feasible to use NCD-SSB for serving and non-serving cell measurements for RedCap UE. 
	Agreements
· It is feasible to use NCD-SSB for serving and non-serving cell measurements for idle, inactive, and/or connected mode for all or some of RRM, RLM, BFD, link recovery, RO selection, mobility, time/frequency tracking and AGC
· FFS for specific conditions when it is feasible to use NCD-SSB
· It is RAN4 understanding that NCD-SSB measurements support may require additional signalling which is up to RAN2.


In this contribution, we will discuss the measurement requirement for RedCap UE.
Intra-frequency measurement definition
In Rel-15, the intra-frequency measurement definition for non-RedCap UE is as follow: the definition is based on the center frequency of the SSB between serving cell and the cell to-be-measured. Furthermore, in Rel-15, only CD-SSB will be applied to perform measurement.
	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.


Observation 1: In Rel-15, the intra-frequency measurement definition for non-RedCap UE is based on the center frequency of the SSB between serving cell and the cell to-be-measured. 
As mentioned before, NCD-SSB based measurement has been agreed in Rel-17 for RedCap UE which has bandwidth reduced to 20MHz in FR1 and 100MHz in FR2. The main difference between RedCap UE and non-RedCap UE is that two type of SSBs can be the reference to define the intra-frequency measurement. Therefore, RAN4 needs to further discuss the definition of intra-frequency measurement for RedCap UE. The main three cases for RedCap UEs are as follow.
· Case A: Serving cell active BWP with CD-SSB
· Case B: Serving cell active BWP with NCD-SSB
· Case C: Serving cell active BWP without SSB
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Figure 1. Serving cell active BWP with CD-SSB for performing measurements for RedCap UE
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Figure 2. Serving cell active BWP with NCD-SSB for performing measurements for RedCap UE
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Figure 3. Serving cell active BWP without SSB for performing measurements for RedCap UE
[bookmark: _Ref91710840]Proposal 1: RAN4 to discuss RedCap UE’s intra-frequency measurement definition based on the following scenarios:
· Case A: Serving cell active BWP with CD-SSB
· Case B: Serving cell active BWP with NCD-SSB
· Case C: Serving cell active BWP without SSB
One of the possible method is to reuse the definition as non-RedCap UE to use CD-SSB to define the intra-frequency measurements. However, the definition is not reasonable in some cases for scenario B where RedCap UE has NCD-SSB in its active BWP. If we follow the defition to use CD-SSB to define the intra-frequency, it could be found that sub-scenario 1-2 in Case B will be defined as inter-freuquency. Another possible method is to use the SSB in RedCap active BWP to define the intra-freuquency measurements. However, RedCap UE is similar as non-RedCap UE which may not have SSB in active BWP. Thus, it’s better to define the intra-frequency measurements for RedCap UE based a flexible definition for different SSB configurations. If NCD-SSB is configured for RedCap UE, the intra-frequency definition can based on NCD-SSB. If NCD-SSB isn’t configured by network, the intra-frequency definition can base on CD-SSB. Therefore, when network configures the measurements, network can also indicate the reference SSB for intra-frequency measurement.
[bookmark: _Ref91710844]Proposal 2: Network indicates the reference SSB to UE to perform intra-frequency measurements, such as NCD-SSB or CD-SSB. 
Measurement procedures
In Rel-15, the measurement requirements are mainly defined for identifying new cells and performing SS-RSRP, SS-RSRQ, and SS-SINR measurements of the identified cells. The SSB-based measurement requirement focuses on the following UE procedures:
· New cell detection by PSS/SSS
· SSB index acquisition
· SSB-based measurment
In Rel-17 RedCap UE, a new NCD-SSB transmission mechanism is introduced. The agreements from RAN1 are as follow.
	Agreement: [38.213, 38.331]
· For FR1,
· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· If it is configured for random access while not for paging in idle/inactive mode, RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.
· Note: RAN1 assumes REDCAP UE performing Random access in the separate DL BWP does not need to monitor paging in a BWP containing CORESET#0
· Working assumption: If it is configured for paging, RedCap UE expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB from RAN1 perspective
· For an RRC-configured active DL BWP in connected mode (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· A RedCap UE supporting mandatory FG 6-1 (but not optional FG 6-1a) expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB
· A RedCap UE can indicate the following as optional capability:
· Not need NCD-SSB: A RedCap UE can in addition optionally support relevant operation based on for CSI-RS (working assumption) and/or FG 6-1a by reporting optional capabilities.
· Note: if a separate initial/RRC configured DL BWP is configured to contain the entire CORESET#0, CD-SSB is expected by RedCap UE.
· Note: The network may choose to configure SSB or MIB-configured CORESET#0 or SIB1 to be within the respective DL BWP.
· Note: If a separate SIB-configured initial DL BWP for RedCap UEs contains the entire CORESET#0, the RedCap UE shall use the bandwidth and location of the CORESET#0 in DL during initial access.
· Note: NCD-SSB periodicity is not required to be configured the same as that of CD-SSB
· Note: Periodicity of NCD-SSB shall be not less than periodicity of CD-SSB


It will be benefit for serving cell to manage the neighbour cell’s interference from NCD-SSB once serving cell knows NCD-SSB status of neighbour cells. It will also be helpful for serving cell to configure the NCD-SSB measurements to RedCap UE and handover command directly to the target BWP with NCD-SSB other than the initial BWP with CD-SSB for RedCap UEs. However, from the agreements, it can be seen that whether NCD-SSB is transmitted for neighbour cell is uncertain. Natually, in some scenarios, such as newly detected cell, serving cell may not know the NCD-SSB information from neighbour cell.  Therefore, when the serving cell doesn’t know about the NCD-SSB status of the neighbour cell it would be beneficial for the serving cell to request the UE to report the NCD-SSB transmission status for the cell being measured, such as a newly detected neighbour cell. Some new procedures and requirements shall be defined in RAN4.
Firstly, when serving cell configures the cell identification for a carrier frequency and RedCap UE detectes a new cell based on CD-SSB, both serving cell and RedCap UE needs to know whether NCD-SSB is transmitted in this new cell. Therefore, a new UE procedure to detect the NCD-SSB transmission for target cell shall be introduced. The servnig cell can indicate the RedCap UE to report whether NCD-SSB is transmitted together with measurement report for same target cell.
[bookmark: _Ref91710857]Proposal 3: RAN4 to introduce the new procedure for NCD-SSB transmission status acquisition.
Secondly, when the serving cell configures the measurements for a carrier frequency, the non-RedCap UE may perform the measurements based on CD-SSB, but RedCap UE may perform the measurements based on NCD-SSB. For example, when serving cell configures an inter-frequency measurement with gap, UE can either choose CD-SSB or NCD-SSB to perform the measurements if both SSBs measurements can be considered as inter-frequency measurements. Serving cell needs to know whether RedCap UE has already performed the measurements with NCD-SSB. If the quality of the NCD-SSB fulfills the measurement criteria, serving cell may directly require RedCap UE to handover to the specfic BWP with NCD-SSB other than the initial BWP with CD-SSB which will speed up the handover procedure. Thus, RedCap UE needs to report the measurement report together with the type of measurement SSB, either NCD-SSB or CD-SSB. 
[bookmark: _Ref91710862][bookmark: _Hlk92708432]Proposal 4: RedCap UE needs to report the RRM measurement together with the type of RS, either NCD-SSB or CD-SSB.
The total cell identification/measurement delay requirement will be different because of different type of measurement RSs and/or whether NCD-SSB transmission status detection procedure is applied. Therefore, some new delay requirements will be introduced for RedCap UE, such as
· Cell detection+ CD-SSB measurement reporting + NCD-SSB status detection
· Cell detection + NCD-SSB measurement reporting
· NCD-SSB measurement for a known cell
[bookmark: _Ref91710866]Proposal 5: RAN4 to introduce the new measurement delay requirements for RedCap UE.
· Cell detection+ CD-SSB measurement reporting + NCD-SSB status detection
· Cell detection + NCD-SSB measurement reporting
· NCD-SSB measurement for a known cell
Thirdly, except the RedCap UE, non-RedCap UE may also detect whether the NCD-SSB is transmitted in the target cell. A possible new capability of NCD-SSB status detection can be introduced for Rel-17 non-RedCap UE. When non-RedCap UE is configured to measure the signal strength(RSRP/RSRQ/RSSI etc.) of a neighbour cell, UE can further report whether it can support NCD-SSB transmission status detection. If the capability sets true, serving cell may further configure the NCD-SSB status detection indicator to the non-RedCap UE.
[bookmark: _Ref91710869]Proposal 6: In Rel-17, Non-RedCap UE may support the new capability of NCD-SSB transmission status detection.
CSSF design for RedCap UE
In last meeting, there were some discussion on whether permitting inter-frequency without gap in CSSF outside gap for RedCap UE. However, NCD-SSB measurement was not considered in the discussion. As we mentioned before, it may depend on whether the definition of intra-frequency measurements is based on CD-SSB. When RedCap active BWP includes NCD-SSB and the center frequency of NCD-SSB is the same as the center frequency of NCD-SSB in the target cell, UE doesn’t need gap to perform measurements. Thus, inter-frequency without gap shall be considered in CSSF outside gap calculation. However, in this scenario, if the definition of intra-frequency measurements will be based on network’s configuration or NCD-SSB, the NCD-SSB measurements for target cell may be called as intra-frequency measurements. Therefore, RAN4 needs to clarify the definition of intra-frequency measurements considering use of NCD-SSB for RedCap UE before discussing the CSSF design.
[bookmark: _Ref91710873]Proposal 7: 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.
In Rel-15, CSSF is always set to 1 for PCell measurement to guarantee the mobility of PCell. As we mentioned before, RedCap UE may highly perform intra-frequency measurement with measurement gap because CD-SSBs being measured may be outside the active BWP due to BW reduction for RedCap UE. 
Table 2: gap sharing value for NR SA mode
	measGapSharingScheme
	Value of X (%)

	‘00’
	Equal splitting

	‘01’
	25

	‘10’
	50

	‘11’
	75

	Note:	It is left to UE implementation to determine which measurement gap sharing scheme in the table to be applied, when MeasGapSharingScheme is absent and there is no stored value in the field.


The possible gap sharing indication can be ‘equal splitting’ or ‘25%’ which implies intra-frequency measurement has lower/equal priority with inter-frequency in the measurement gap. However, to guarantee UE’s mobility, PCell measurement delays shall be not significantly increased when PCell’s measurements are performed within the measurement gap. Since PCell’s measurements are not sharing the same scaling factor with other inter-frequencies,  the indication of ‘equal splitting’ and ‘25%’ percentage are not expected to be applied frequently from network which means half of the signalling is wasted. Thus, we suggest RAN4 to revisit the design for CSSF within gap or gap sharing scheme.
Proposal 8:  RAN4 may revisit the design for CSSF within gap/gap sharing scheme to promote PCell’s measurement.

CGI reading requirements for RedCap
In last meeting, a WF [2] for RedCap UE was agreed. In the meeting, RAN4 agreed to introduce the new requirement about CGI reading for RedCap UE. 
In Rel-16, the CGI reading for both delay and interruption requirements are defined as follow.
	9.11.2	CGI identification of an NR cell with autonomous gaps 
The UE shall identify and report the CGI of a known NR target cell when requested by the network for the purpose of reportCGI. Only one cell is provided to the UE with cellForWhichToReportCGI for identifying the CGI.The UE may make autonomous gaps in both downlink reception and uplink transmission for receiving MIB and SIB1 message according to clause 5.5.3 of TS 38.331 [2]. Note that a UE is not required to use autonomous gap if useAutonomousGaps is set to false. If autonomous gaps are used for measurement with the purpose of reportCGI, regardless of whether DRX is used or not, or whether SCell(s) are configured or not, the UE shall be able to identify a new CGI of NR cell within:
	Tidentify_CGI = (TMIB + T SIB1) ms
Where:
	TMIB is the time period used to acquire MIB message. TMIB = 6 * TSMTC ms for target cell carrier frequency on FR1 and TMIB = 25 * TSMTC ms for target cell carrier frequency on FR2.
	TSIB1 is the time period used to acquire SIB1 message. TSIB1 = 6 * TRMSI-scheduling ms.
	Where TRMSI-scheduling is the periodicity with which the SIB1 is actually transmitted by the NR target cell.
The requirement for identifying the CGI of an NR cell within Tidentify_CGI is applicable when no DRX is used as well as when any of the DRX cycles specified in TS 38.331 [2] is used.
In the requirement a cell is known if,
-	During the last 5 seconds for FR1 or 3 seconds for FR2 before the reception of the report CGI command:
-	The UE has sent a valid L3-RSRP measurement report with SSB index for the target cell and
-	During MIB decoding at least reported SSBs remains detectable according to the cell identification conditions specified in clauses 9.2 or 9.3 of TS 38.133, and
-	During SIB1 decoding the SSB used for MIB decoding remains detectable according to the cell identification conditions specified in clauses 9.2 or 9.3 of TS 38.133, and
-	During MIB decoding, the SSB for MIB decoding remains detectable with SNR ≥-3dB
-	During SIB1 decoding, the PDSCH for SIB1 decoding remains detectable with SNR ≥-3dB


In this contribution, we will discuss on CGI reading requirement for RedCap UE.
General requirement for CGI reading
In Rel-16, RAN4 had already defined the delay and interruption requirement for CGI reading in TS 38.133. The basic procedure for CGI reading including AGC retuning, MIB decoding and SIB1 decoding is as follow.
[image: ]
General Requirement
From our understanding, the basic CGI reading procedure for RedCap UE is the same as legacy NR UE for 2Rx UE.
[bookmark: _Ref92314083]Proposal 9: RAN4 to reuse CGI reading requirement in Rel-16 for at least 2Rx RedCap UE.
In Rel-16, the interruption requirement is defined for CA/DC scenario. However, there is only single carrier for RedCap UE. Therefore, it’s proposed to use scheduling restriction requirement instead of interruption requirement with the same values for RedCap UE. 
[bookmark: _Ref92314086]Proposal 10: RAN4 to define scheduling restriction for RedCap UE instead of interruption requirement during CGI reading.
In last meeting, RAN4 agreed it’s feasible to use NCD-SSB to perform L3 measurements, L1 measurements and mobility in RedCap specific BWP. However, the main target of CGI reading is SIB1 decoding which is directly related to CD-SSB in initial BWP. Thus, the procedure of RedCap CGI reading shall be the same as the normal NR UE to still use CD-SSB for AGC and MIB decoding. 
[bookmark: _Ref92314089]Proposal 11: The procedure of CGI reading for RedCap UE shall be based on CD-SSB. 
1Rx UE
To further evaluate the CGI reading delay for 1Rx UE, RAN4 shall evaluate the 1Rx performance for MIB and SIB1 decoding. 
RAN4 can reuse the PBCH simulation assumption from TS38.101-4 agreed in Demod session. 
[bookmark: _Ref92707073]Proposal 12: RAN4 to reuse the same simulation assumption as non-RedCap UE for PBCH decoding in TS38.101-4. 
The MIB decoding performance for 1Rx and 2Rx is shown as follow.  
Table 1. MIB decoding performance for 1Rx and 2Rx (PBCH SNR=-3dB)
	SCS
	Channel
	Rx
	Decoding success rate

	
	
	
	1Sample
	2Samples
	3Samples
	4Samples
	5Samples

	15k
	AWGN
	2
	1.00
	1.00
	1.00
	1.00
	1.00

	15k
	TDLA30
	2
	0.98
	1.00
	1.00
	1.00
	1.00

	15k
	TDLC300
	2
	1.00
	1.00
	1.00
	1.00
	1.00

	30k
	AWGN
	2
	1.00
	1.00
	1.00
	1.00
	1.00

	30k
	TDLA30
	2
	0.99
	1.00
	1.00
	1.00
	1.00

	30k
	TDLC300
	2
	1.00
	1.00
	1.00
	1.00
	1.00

	120k
	AWGN
	2
	1.00
	1.00
	1.00
	1.00
	1.00

	120k
	TDLA30
	2
	1.00
	1.00
	1.00
	1.00
	1.00

	15k
	AWGN
	1
	1.00
	1.00
	1.00
	1.00
	1.00

	15k
	TDLA30
	1
	0.80
	0.96
	0.99
	1.00
	1.00

	15k
	TDLC300
	1
	0.89
	0.99
	1.00
	1.00
	1.00

	30k
	AWGN
	1
	1.00
	1.00
	1.00
	1.00
	1.00

	30k
	TDLA30
	1
	0.83
	0.97
	0.99
	1.00
	1.00

	30k
	TDLC300
	1
	0.92
	0.99
	1.00
	1.00
	1.00

	120k
	AWGN
	1
	1.00
	1.00
	1.00
	1.00
	1.00

	120k
	TDLA30
	1
	0.87
	0.98
	1.00
	1.00
	1.00


Based on our simulation, current MIB decoding delay for 2Rx non-RedCap UE can be also applied for 1Rx RedCap UE.
[bookmark: _Ref92314093]Proposal 13: The MIB decoding delay requirement of 1Rx RedCap UE can be the same as non-RedCap UE for SNR=-3dB.
RAN4 can reuse the Rel-16 simulation assumptions for SIB1 decoding of normal UE since gNB will broadcast the same SIB1 information for both non-RedCap UEs and RedCap UEs. 
[bookmark: _Ref92314096]Proposal 14: RAN4 to reuse the same simulation assumption as non-RedCap UE for SIB1 decoding. 
 The SIB1 decoding performance for 1Rx and 2Rx is shown as follow. We have the following observations:
[bookmark: _Ref92404993]Observation 2: Based on our simulation results for 1Rx and 2Rx RedCap UE, 
· SIB1 decoding performance can achieve 90% for 2Rx RedCap UE without soft-combining (same observation as Rel-16 CGI reading requirements)
· SIB1 decoding performance cannot achieve 90% for 1Rx RedCap UE without soft-combining
· SIB1 decoding performance can achieve 90% for 1Rx RedCap UE with soft-combining
Table 1. SIB1 decoding performance for 1Rx and 2Rx (PDSCH SNR=-4dB) 
	Channel
	SIB1 decoding success rate

	
	1
	2
	3
	4
	5
	6
	7
	8

	2Rx AWGN (single sample)
	1
	1
	1
	1
	1
	1
	1
	1

	2Rx TDLC300 (single sample)
	0.56
	0.81
	0.92
	0.96
	0.98
	0.99
	1
	1

	1Rx AWGN (single sample)
	0
	0
	0
	0
	0
	0
	0
	0

	1Rx TDLC300 
(single sample)
	0.07
	0.13
	0.19
	0.25
	0.30
	0.35
	0.39
	0.44

	1Rx AWGN 
(Soft-combining every 2 samples)
	
	1
	
	1
	
	1
	
	1

	1Rx TDLC300 
(Soft-combining every 2 samples)
	
	0.59
	
	0.83
	
	0.93
	
	0.97


Based on our simulation results, 1Rx RedCap UE cannot achieve the 90% success rate without soft combining. As we know, gNB cannot differentiate the 1Rx RedCap UE with other UEs. Thus, the SIB1 payload will be the same for all type of UEs. To guarantee the same SIB1 success rate as other type of UEs, soft-combining should be mandatory to 1Rx RedCap UE. It can be seen that the SIB1 decoding delay for 1Rx RedCap UE can be the same as legacy non-RedCap UEs with 6 samples.
[bookmark: _Ref92314099]Proposal 15: 6 samples are needed for 1Rx RedCap UE to achieve the SIB1 90% successful rate.
Assistance information for CGI reading
There are two main usages for CGI reading:
· Identify the target cell by the global ID during handover
· ANR to relieve the burden of operators
In last meeting, NCD-SSB is introduced for L3 measurement, L1 measurement and mobility for RedCap UE. It’s important for serving cell to know the information to further configure the L3 measurements or handover command with NCD-SSB to UEs. 
Once serving cell knows NCD-SSB is transmitted in target cell, serving cell can configure the handover command directly to the specific RedCap BWP. In addition, when serving cell manages the newly detected neighbour cells for ANR, it’s also beneficial to know whether NCD-SSB is transmitted in the neighbour cells.
However, based on RAN1 and RAN plenary agreements in [3, 4], transmission of NCD-SSB in the target cell is uncertain. Therefore, we propose that 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. Additional delay of the NCD-SSB detection procedure may be expected. 
	· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· If it is configured for random access while not for paging in idle/inactive mode, RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.
· Note: RAN1 assumes REDCAP UE performing Random access in the separate DL BWP does not need to monitor paging in a BWP containing CORESET#0
· Working assumption: If it is configured for paging, RedCap UE expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB from RAN1 perspective
· For an RRC-configured active DL BWP in connected mode (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· A RedCap UE supporting mandatory FG 6-1 (but not optional FG 6-1a) expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB
· A RedCap UE can indicate the following as optional capability:
· Not need NCD-SSB: A RedCap UE can in addition optionally support relevant operation based on for CSI-RS (working assumption) and/or FG 6-1a by reporting optional capabilities.


[bookmark: _Ref92314102]Proposal 16: 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.

Cell detection performance
Simulation results
In this section the cell detection performance is presented for the different configurations of duplex modes, SCS, propagation channels and number of receive antennas. 
FDD 15 kHz
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TDD 30 kHz
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TDD 120 kHz
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Discussions
The cell detection requirements in release 15 NR requirements are based on two attempts. The results presented in this paper show that it is also possible for the RedCap 1 Rx UE to detect the cell using two attempts with 90% success rate for 1 rx in all cases (sync, async, SCSs and propagation channels). The results further show that the performance is slightly worse in sync case compared to async case which can explained by the fact that the measured values are subject to more interference in the former case. 
However, based on the discussions and proposals from last meeting, we are fine to compromise to increase the number of samples required for PSS/SSS detection by 1 sample. 
Proposal 17: Cell detection requirements from Rel-15 NR are extended by 1 sample for RedCap UE with 1 Rx in FR1 and FR2.

SSB based RSRP measurement performance
It was agreed to relax the accuracy level for RedCap UE with 1 Rx, but whether to extend the measurement period remains open [1]: 
	· Agreements
· Method for defining 1 Rx requirements for SSB based measurement
· Relax accuracy level
· Measurement period
· Option A: Keep measurement period same as Rel-15
· Option B: Extend the lower bound of measurement delay for longer duty cycle (like in LTE cat1-bis) without increasing the sample number



The simulation results showing the measurement bias for the different configurations of duplex modes, SCS, propagation channels and number of receive antennas are presented in this section. Tables in section 2.1 to 2.3 contain the summary of results where the measurement error (degradation) for 1 Rx UE are compared to the 2 Rx UEs using 5 samples is shown, i.e. 
Max(Degradation(5%-ile, N samples), Degradation(95%-ile, N samples)), where, 
· Degradation(5%-ile, N samples) := (SNR accuracy at 5%-tile with 5 samples, 2Rx) - (SNR accuracy at 5%-tile with N samples, 1Rx)
· Degradation(95%-ile, N samples) := (SNR accuracy at 95%-tile with N samples, 1Rx) - (SNR accuracy at 95%-tile with 5 samples, 2Rx)
Simulation results
 Results for the measurement based on 5 samples are highlighted since the legacy measurements are also based on 5 samples.
FDD 15 kHz SCS with sync and async 
Table 1	Accuracy degradation in dB of SS-RSRP measurement due to 2Rx to 1 Rx (FDD SCS=15kHz).
	Number of SSB samples
	5 (Rel-15)
	6
	7
	8

	Sync AWGN
	0.12
	0.09
	0.05
	0.04

	Sync TDLA30
	1.02
	0.83
	0.56
	0.41

	Sync TDLB100
	0.93
	0.79
	0.64
	0.54

	Sync1 TDLC300
	0.99
	0.84
	0.6
	0.56

	Async AWGN
	0.05
	0.04
	0.13
	0.19

	Async3 TDLA30
	1.04
	0.61
	0.38
	0.21

	Async3 TDLB100
	1.12
	0.78
	0.64
	0.49

	Async TDLC300
	1.06
	0.97
	0.82
	0.62



TDD 30 kHz SCS with sync and async 
Table 2	Accuracy degradation in dB of SS-RSRP measurement due to 2 Rx to 1 Rx (TDD SCS=30kHz).
	Number of SSB samples
	5 (Rel-15)
	6
	7
	8

	Sync AWGN
	0.13
	0.08
	0.06
	0.05

	Sync TDLA30
	1.11
	0.56
	0.46
	0.17

	Sync TDLB100
	0.62
	0.47
	0.33
	0.24

	Sync1 TDLC300
	1
	0.76
	0.55
	0.39

	Async AWGN
	0.26
	0.14
	0.07
	0.06

	Async3 TDLA30
	1.07
	0.64
	0.49
	0.28

	Async3 TDLB100
	1.1
	0.92
	0.82
	0.79

	Async TDLC300
	0.74
	0.41
	0.24
	0.09



TDD 120 kHz SCS with sync and async 
Table 3	Accuracy degradation in dB of SS-RSRP measurement due to 2 Rx to 1 Rx (TDD SCS=120kHz).
	Number of SSB samples
	5 (Rel-15)
	6
	7
	8

	Sync AWGN
	0.16
	0.12
	0.09
	0.07

	Sync TDLA30
	1.19
	0.96
	0.78
	0.72

	Async AWGN
	0.12
	0.09
	0.15
	0.21

	Async TDLA30
	1.21
	1.03
	0.86
	0.84



Discussions
The tables in sections 2.4.1.1 – 2.4.1.3 show the performance degradation in term of measurement bias for 1 Rx UE compared to 2 Rx UE at 5% and 95% for 1 Rx UE. The results show that the most impact is on the synch case where the measured values are subject to more interference compared to the async case. It is also observed that the difference in measurement performance between the different SCS is very small. For example, the measurement bias between the 15 kHz SCS and 30 kHz SCS is very similar. Larger impact is observed on the FR2 results (~1.5 dB) compared to FR1 (~1 dB), this relation can also be seen in legacy results. 
Based on the discussions, we make following proposal:
Proposal 18: Measurement period for RedCap 1 Rx UE is reused from release 15 NR requirements based on 5 samples.
Proposal 19: Measurement accuracy for SSB based RedCap UE with 1 Rx is relaxed by 1 dB in FR1 compared to Rel-15 SSB based RSRP measurement accuracy requirements with 2 Rx.
Proposal 20: Measurement accuracy for SSB based RedCap UE with 1 Rx is relaxed by 1.5 dB in FR2 compared to Rel-15 SSB based RSRP measurement accuracy requirements with 2 Rx.

RF margin was discussed at last meeting, and one company proposed to assume a more relaxed RF margin for RedCap UE. Our view is that RedCap UE is different from LTE cat-M UE in many aspects, e.g. the RedCap UE is to support the same level of mobility as a Rel-15 NR UE. In addition, not all RedCap UEs have reduced number of received branches. It is also noted many years have passed since the basic LTE cat-M requirements were defined, and it is expected that implementations can achieve better performance than those defined for cost LTE cat-M devices. Therefore we propose to use the same RF margin as in Rel-15 NR. 
Proposal 21: The RF margin from Rel-15 NR is used for defining the measurement accuracy requirements for RedCap UEs.
Time index detection performance
SSB index detection requires reading of PBCH DMRS in FR1 and MIB in FR2. Below we present the simulation results for SSB index detection reading based on the simulation assumptions agreed in [3]:
Figure 1 MIB detection for FR1
[image: ]
Figure 2 SSB index detection for FR1
[image: ]
Based on the simulation results above, we make following proposals based on the options agreed in [1]:
Proposal 22: Time index detection delay in FR1 is extended from 1 attempt (legacy) to 2 attempts at -8 dB SNR for RedCap UE with 1 Rx.
Proposal 23: Time index detection delay in FR2 is extended from 2 (legacy) to 4 attempts at -8 dB SNR for RedCap UE with 1 Rx.

Measurement conditions for HD-FDD
Priority between UL transmission and DL reception for HD-FDD UE was discussed at last meeting with following outcome [1]:
	 Priority between UL and DL during cell identification for HD-FDD
· Option 1 (Apple, HW, vivo, MTK): RRM DL measurement is prioritized over the UL transmission of HD-FDD for RedCap UE in cell identification and measurement requirement.
· Option 2 (E///, CMCC):
· “The UE shall meet the current requirements on cell identification (PSS/SSS detection defined in Table x.y.z for FR1 and FR2) provided that at least 5 SMTC windows are available at the UE during cell identification time.” 
· “The UE shall meet the current requirements on time index detection (defined in Table x.y.z for FR1 and FR2) provided that at least 3 SMTC windows are available at the UE during time index detection.” 
· “The UE shall meet the current requirements intra-frequency/inter-frequency measurement (defined in Table x.y.z for FR1 and FR2) provided that at least 5 SMTC windows are available at the UE during measurement period.”



We support option 2 as it provides more flexibility for the implementation. The drawback with option 1 is that DL is always prioritized over UL, this may not be necessary since UE won’t be measuring continuously. It only needs to prioritize DL during the measured signals are transmitted and this is explicitly captured in option 2. The rest can be simply left to implementation. It is also noted that the LTE cat-M HD-FDD requirements are defined in a similar way. 
Proposal 24: 
· The UE shall meet the current requirements on cell identification (PSS/SSS detection defined in Table x.y.z for FR1 and FR2) provided that at least 5 SMTC windows are available at the UE during cell identification time. 
· The UE shall meet the current requirements on time index detection (defined in Table x.y.z for FR1 and FR2) provided that at least 3 SMTC windows are available at the UE during time index detection. 
· The UE shall meet the current requirements intra-frequency/inter-frequency measurement (defined in Table x.y.z for FR1 and FR2) provided that at least 5 SMTC windows are available at the UE during measurement period.
It was also discussed whether measurement period needs to be additionally extended for HD-FDD UEs compared to FD-FDD and TDD UEs. Our view is that there is no need to define separate measurement delay requirements for HD-FDD given that the conditions on availability of the measurement reference signals are defined as discussed above.
Proposal 25: Measurement period relaxation purely due to HD-FDD is not needed given that conditions on availability of measurement reference signals are clarified.

Summary
In the contribution, we have discussed the CONNECTED mode measurement procedures due to UE complexity reduction for RedCap UE. Based on the discussions, we have made following proposals:
Proposal 1: RAN4 to discuss RedCap UE’s intra-frequency measurement definition based on the following scenarios:
· Case A: Serving cell active BWP with CD-SSB
· Case B: Serving cell active BWP with NCD-SSB
· Case C: Serving cell active BWP without SSB
Proposal 2: Network indicates the reference SSB to UE to perform intra-frequency measurements, such as NCD-SSB or CD-SSB.
Proposal 3: RAN4 to introduce the new procedure for NCD-SSB transmission status acquisition.
Proposal 4: RedCap UE needs to report the RRM measurement together with the type of RS, either NCD-SSB or CD-SSB.
Proposal 5: RAN4 to introduce the new measurement delay requirements for RedCap UE.
· Cell detection, CD-SSB measurement reporting and NCD-SSB status detection
· Cell detection and NCD-SSB measurement reporting
· NCD-SSB measurement for a known cell
Proposal 6: In Rel-17, Non-RedCap UE may support the new capability of NCD-SSB transmission status detection.
Proposal 7: 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.
Proposal 8:  RAN4 may revisit the design for CSSF within gap/gap sharing scheme to promote PCell’s measurement. 
Proposal 9: RAN4 to reuse CGI reading requirement in Rel-16 for at least 2Rx RedCap UE.
Proposal 10: RAN4 to define scheduling restriction for RedCap UE instead of interruption requirement during CGI reading.
Proposal 11: The procedure of CGI reading for RedCap UE shall be based on CD-SSB.
Proposal 12: RAN4 to reuse the same simulation assumption as non-RedCap UE for PBCH decoding in TS38.101-4. 
Proposal 13: The MIB decoding delay requirement of 1Rx RedCap UE can be the same as non-RedCap UE for SNR=-3dB.
Proposal 14: RAN4 to reuse the same simulation assumption as non-RedCap UE for SIB1 decoding. 
Proposal 15: 6 samples are needed for 1Rx RedCap UE to achieve the SIB1 90% successful rate.
Proposal 16: 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.
Proposal 17: Cell detection requirements from Rel-15 NR are extended by 1 sample for RedCap UE with 1 Rx in FR1 and FR2.
Proposal 18: Measurement period for RedCap 1 Rx UE is reused from release 15 NR requirements based on 5 samples.
Proposal 19: Measurement accuracy for SSB based RedCap UE with 1 Rx is relaxed by 1 dB in FR1 compared to Rel-15 SSB based RSRP measurement accuracy requirements with 2 Rx.
Proposal 20: Measurement accuracy for SSB based RedCap UE with 1 Rx is relaxed by 1.5 dB in FR2 compared to Rel-15 SSB based RSRP measurement accuracy requirements with 2 Rx.
Proposal 21: The RF margin from Rel-15 NR is used for defining the measurement accuracy requirements for RedCap UEs.
Proposal 22: Time index detection delay in FR1 is extended from 1 attempt (legacy) to 2 attempts at -8 dB SNR for RedCap UE with 1 Rx.
Proposal 23: Time index detection delay in FR2 is extended from 2 (legacy) to 4 attempts at -8 dB SNR for RedCap UE with 1 Rx.
Proposal 24: 
· The UE shall meet the current requirements on cell identification (PSS/SSS detection defined in Table x.y.z for FR1 and FR2) provided that at least 5 SMTC windows are available at the UE during cell identification time. 
· The UE shall meet the current requirements on time index detection (defined in Table x.y.z for FR1 and FR2) provided that at least 3 SMTC windows are available at the UE during time index detection. 
· The UE shall meet the current requirements intra-frequency/inter-frequency measurement (defined in Table x.y.z for FR1 and FR2) provided that at least 5 SMTC windows are available at the UE during measurement period.
Proposal 25: Measurement period relaxation purely due to HD-FDD is not needed given that conditions on availability of measurement reference signals are clarified.
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