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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
The revised WID on support of reduced capability NR devices has been approved in [1]. Techniques for UE complexity reduction have been studied in the RedCap study item documented in TR 38.875. In last meeting, a WF [2] for RedCap UE was agreed as follow.
	0. Inter-frequency support
· RAN4 to develop intra-frequency and inter-frequency requirements for release 17 RedCap with equal priority.
0. Inter-RAT 2G/3G in IDLE/INACTIVE and CONNECTED states
· Do not define inter-RAT RRM requirements on 2G/3G for RedCap UE in Rel-17
0. Inter-RAT LTE in IDLE/INACTIVE and CONNECTED states
· Define inter-RAT LTE RRM requirements in IDLE/INACTIVE and CONNECTED states
· For 2RX capable RedCap UEs
· Use 2RX inter-RAT LTE requirements defined in TS 38.133 as baseline
· For 1RX capable RedCap UEs
· Use LTE Cat1bis requirements in TS 36.133 as baseline
· FFS whether and how to define inter-RAT NR RRM requirements for LTE UEs with RedCap capabilities in IDLE/INACTIVE and CONNECTED states
..
2.8   Assumptions on UE for defining RRM requirements
· Define separate set of requirements for 1RX and 2RX capable RedCap UEs
· For RedCap UEs using 2 RX branches
· Use Release 15 NR UE measurement requirements for single carrier operation as baseline
· Single searcher is assumed
· For RedCap UE using 1 RX branches
· Define a new set of RRM requirements for single carrier operation
· Single searcher is assumed
· Note: the changes related to reduced BW and HD-FDD shall be further discussed


In this contribution, we will further discuss on measurement requirement impact from UE complexity reduction for RedCap UE.
Discussion
In Rel-15, RAN4 spent lots of time to discuss the CSSF design and agreed to split the CSSF for measuring outside gap and measuring within gap.
CSSF outside gap
In Rel-15 NR, the CSSF outside gap is applied as follow. 
	-	Intra-frequency measurement with no measurement gap in clause 9.2.5, when none of the SMTC occasions of this intra-frequency measurement object are overlapped by the measurement gap.
-	Intra-frequency measurement with no measurement gap in clause 9.2.5, when part of the SMTC occasions of this intra-frequency measurement object are overlapped by the measurement gap.
-	For a UE in E-UTRA-NR dual connectivity operation, NR inter-RAT measurement object configured by the E-UTRAN PCell on an NR serving carrier 
-	the SSB is completely contained in the active BWP of the UE, and 
-	none or part of the SMTC occasions of this inter-RAT measurement object are overlapped by the measurement gap;


It could also be observed that 
· Three different CA scenarios are defined: FR1 CA, FR2 CA, FR1+FR2 CA
· PCC will always share one searcher and the scaling factor will always be 1. 
· Other SCCs share another searcher and are scaling with number of configured SCells. 
For example, the CSSF definition in SA mode is as follow.
Table 1: CSSFoutside_gap,i scaling factor for NR SA mode
	Scenario
	CSSFoutside_gap,i for FR1 PCC
	CSSFoutside_gap,i for FR1 SCC
	CSSFoutside_gap,i for FR2 PCC
	CSSFoutside_gap,i for FR2 SCC where neighbour cell measurement is required
	CSSFoutside_gap,i for FR2 SCC where neighbour cell measurement is not required

	FR1 only CA 
	1
	Number of configured FR1 SCell(s)
	N/A
	N/A
	N/A

	FR2 only intra band CA 
	N/A
	N/A
	1
	N/A
	Number of configured FR2 SCell(s)

	FR1 +FR2 CA (FR1 PCell) Note 1
	1
	2×(Number of configured SCell(s)-1)
	N/A
	2 Note 5
	2×(Number of configured SCell(s)-1)

	Note 1:	Only one FR1 operating band and one FR2 operating band are included for FR1+FR2 inter-band CA.
Note 2:	Selection of FR2 SCC where neighbour cell measurement is required follows clause 9.2.3.2.
Note 3:	Void
Note 4:	Void
Note 5: 	CSSFoutside_gap,i =1 if  only one SCell is configured.


For RedCap UE, this CSSF outside gap can be simplified since only single carrier is supported.
· CSSFoutside_gap,i is applied to following measurement types:
-	Intra-frequency measurement with no measurement gap, when none of the SMTC occasions of this intra-frequency measurement object are overlapped by the measurement gap.
-	Intra-frequency measurement with no measurement gap, when part of the SMTC occasions of this intra-frequency measurement object are overlapped by the measurement gap.
· CSSFoutside_gap,i = 1
[bookmark: _Ref78465968]Proposal 1: CSSFoutside_gap,i = 1 for RedCap UE measurement outside gap based on Rel-15 requirement.
CSSF within gap
In Rel-15 NR SA, the CSSF within gap is applied as follow. 
· Intra-frequency measurement object with no measurement gap, when all of the SMTC occasions of this intra-frequency measurement object are overlapped by the measurement gap.
· Intra-frequency measurement object with measurement gap.
· Inter-frequency measurement object.
· Inter-RAT measurement object
It could be observed that intra-frequency and inter-frequency MOs will be shared the gap to perform the measurements for NR UE. One of the complexity reduction techniques for RedCap UE is BW reduction. RedCap UE may highly perform intra-frequency measurement with measurement gap because SSBs being measured may outside the active BWP due to BW reduction for RedCap UE. Thus, RedCap UE may also perform intra-frequency measurement within gap.
[bookmark: _Ref78465930]Observation 1: RedCap UE may also perform intra-frequency measurement within gap.
In last meeting, it’s agreed to define inter-frequency and inter-RAT LTE measurements for RedCap UE. When RAN4 further considers the CSSF within gap, it should differentiate the priority of intra-frequency measurement and inter-frequencies’ measurements because the intra-frequency measurement is directly related to PCell’s quality. In last meeting, some companies think it’s enough to reuse the measurement gap sharing factor in legacy design.
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 imply 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 once PCell’s measurement will be performed within the measurement gap. PCell’s measurement should not share the same scaling factor with other inter-frequencies. The indication of ‘equal splitting’ and ‘25%’ percentage are highly not applied 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.
[bookmark: _Ref78465974]Proposal 2:  RAN4 needs to revisit the design for CSSF within gap/gap sharing scheme to promote PCell’s measurement.
Summary
In the contribution, we discuss the measurement requirement due to UE complexity reduction for RedCap UE from RAN4’s view. We have the following proposals:
Observation 1: RedCap UE may also perform intra-frequency measurement within gap.
Proposal 1: CSSFoutside_gap,i = 1 for RedCap UE measurement outside gap based on Rel-15 requirement.
Proposal 2:  RAN4 needs to revisit the design for CSSF within gap/gap sharing scheme to promote PCell’s measurement.
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