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1. Introduction
In RAN4#101e meeting, the measurement procedure for RedCap UE had been discussed and the agreements are captured in way forward [1]

In this contribution, we discuss the remaining open issues of measurement procedure for RedCap UE and provide our views.
2. Discussion
2.1 CSSF, gap related issues

Inter-frequency without gap

· Option 1 (Xiaomi, Apple, vivo, ZTE, MTK, OPPO, QC, Nokia):
 RedCap UE won’t support ‘Inter-frequency without gap’ measurement capability in Rel-17.

· Option 2 (CMCC, HW): 
 RAN4 needs to consider ‘inter-frequency without MG’ capability when define RedCap RRM requirements.

· Option 3 (E///, HW, CMCC): Depends on whether the definition of ‘intra-frequency measurement’ and whether ‘NCD-SSB measurement for neighbour cell’ is supported
For inter-frequency measurement without MG, the SSB should be completely contained in the active BWP of the UE, which is same as intra-frequency measurement without MG. No additional RF chain or hardware complexity is required. Also, in the agreed WF R4-2005348, in the case that inter-frequency measurement without MG partially overlapped with MG, it was agreed to define requirements based on the assumption that UE perform measurement within gaps. But for other cases, e.g. inter-frequency measurement without MG fully non-overlapping with MG, UE will perform measurement outside the measurement gap. So we propose RedCap UE can support inter-frequency measurement without MG, and RAN4 needs to consider inter-frequency without MG when define RedCap RRM requirements.
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Proposal 1: RAN4 needs to consider ‘inter-frequency without MG’ capability when define RedCap RRM requirements.
CSSF outside gap
	· Option 1(E///):
RAN4 needs to clarify the definition of intra-frequency measurements considering the use of NCD-SSB for measurements for RedCap UE before discussing the CSSF design.
· Option 1a (E///): RAN4 agrees the CSSFoutside_gap,i = 1 for measurement outside gap provided that RAN4 agreed the RedCap UE NOT supporting ‘Inter-frequency without gap’

· Option 2 (HW, MTK, Nokia): Depends on agreement for “Inter-frequency without gap”
· Option 3 (Xiaomi, Apple, vivo, ZTE): CSSFoutside_gap,i = 1 for RedCap UE measurement outside gap based on Rel-15 requirement.
· Option 4 (CMCC):
· 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


Existing CSSFoutside_gap,i scaling factor is applied to the following measurement types:

-
SSB-based intra-frequency measurement with no measurement gap in clause 9.2.5 and 9.2A.5, when none of the SMTC occasions of this intra-frequency measurement object are overlapped by the measurement gap.
-
SSB-based intra-frequency measurement with no measurement gap in clause 9.2.5 and 9.2A.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 SSB-based 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;
-
CSI-RS based intra-frequency measurement in clause xxx, when none of CSI-RS resources for L3 measurement of this intra-frequency measurement object are overlapped by the measurement gap.
-
CSI-RS based intra-frequency measurement in clause xxx, when all CSI-RS resources for L3 measurement of this intra-frequency measurement object are partially overlapped by the measurement gap.
-
SSB-based inter-frequency measurement with no measurement gap in clause 9.3.9, when none of the SMTC occasions of this inter-frequency measurement object are overlapped by the measurement gap, if UE supports interFrequencyMeas-NoGap-r16 and the flag interFrequencyConfig-NoGap-r16 is configured by the Network.
-
SSB-based inter-frequency measurement with no measurement gap in clause 9.3.9, when part of the SMTC occasions of this inter-frequency measurement object are overlapped by the measurement gap, if it is a CA capable UE and this UE supports interFrequencyMeas-NoGap-r16 and the flag interFrequencyConfig-NoGap-r16 is configured by the Network.
-
Intra-frequency RSSI and channel occupancy measurement with no measurement gap on a carrier subject to CCA when SMTC and RMTC are overlapping and RMTCs are not fully overlapped with measurement gap.
Among the above cases, the cases highlighted in yellow should be considered in order to support inter-frequency without gap for RedCap UE, the cases in gray does not need to be considered for RedCap since CA, ENDC or unlicensed are not supported for Rel-17 RedCap.

Since CA is not supported for RedCap and RAN4 agreed that single searcher assumption for RedCap UE. Hence intra-frequency and inter-frequency measurement without gap need to share the same searcher. We propose half searcher for intra and half searcher for inter.

CSSFoutside_gap,I  for 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; otherwise, CSSFoutside_gap,I  for PCC=1

CSSFoutside_gap,i for inter-frequency MO with no measurement gap=2*Y, 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; otherwise, it is 0.
Proposal 2: The searcher is shared by intra-frequency without gap and inter-frequency without gap measurement for RedCap UE:

CSSFoutside_gap,I  for 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; otherwise, CSSFoutside_gap,I  for PCC=1

CSSFoutside_gap,i for inter-frequency MO with no measurement gap=2*Y, 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; otherwise, it is 0.
CSSF within gap

	· Option 1 (E///, MTK):
RAN4 needs to clarify the definition of intra-frequency measurements considering the use of NCD-SSB for measurements for RedCap UE before discussing the CSSF design.
· Option 1a (E///): The current design for CSSF within gap could be reused for RedCap UE provided that the definition of intra-frequency measurement for RedCap UE is as follow.
· the centre frequency of the CD-SSB or NCD-SSB of the serving cell indicated for measurement and the centre frequency of the target SSB of the neighbour cell indicated for measurement are the same.

· the subcarrier spacing of the two SSBs are also the same.

The agreements can be revisited once RAN4 has agreement on the definition of intra-frequency measurement.

· Option 2 (Xiaomi, Apple, vivo, ZTE, HW, CMCC, OPPO, Nokia): The current design for CSSF within gap could be reused for RedCap UE.

· Option 3 (E///, CMCC): RAN4 needs to revisit the design for CSSF within gap/gap sharing scheme to promote pCell’s measurement.
· Option 3a (CMCC): Consider to add additional two values of measGapSharingScheme factor for RedCap UE, e.g. 85%, 95%.


Existing CSSFwithin_gap,i scaling factor for is applied to following measurement types:

-
SSB-based intra-frequency measurement object with no measurement gap in clause 9.2.5 and 9.2A.5, when all of the SMTC occasions of this intra-frequency measurement object are overlapped by the measurement gap.

-
SSB-based intra-frequency measurement object with measurement gap in clause 9.2.6 and 9.2A.6.
--
CSI-RS based inter-frequency measurement in clause xxx, when CSI-RS resources for L3 measurement of this inter-frequency measurement object are overlapped by the measurement gap.

-
CSI-RS based inter-frequency measurement in clause xxx, when CSI-RS resources for L3 measurement of this inter-frequency measurement object are partially overlapped by the measurement gap.

-
SSB-based inter-frequency measurement object with measurement gap in clause 9.3.4.

-
SSB-based inter-frequency measurement object without measurement gap for UE capable of interFrequencyMeas-NoGap in clause 9.3.9, when

-
all of the SMTC occasions of this inter-frequency measurement object are overlapped by the measurement gap, or
-
part of the SMTC occasions of this inter-frequency measurement object are overlapped by the measurement gap,  and the flag interFrequencyConfig-NoGap-r16 is configured by the Network but it is not a CA capable UE, or
-
part of the SMTC occasions of this inter-frequency measurement object are overlapped by the measurement gap, but the flag interFrequencyConfig-NoGap-r16 is not configured by the Network.
-
Intra-frequency RSSI/CO measurement with measurement gap in clause 9.2A.7.

-
Intra-frequency RSSI/CO measurement with no measurement gap in clause 9.2A.7 when all of the RMTC          occasions of this intra-frequency RSSI/CO measurement are overlapped by the measurement gap

-
Inter-frequency RSSI/CO measurement in clause 9.3A.8 and 9.3A.9.
-
E-UTRA Inter-RAT measurement object in clauses 9.4.2 and 9.4.3.

-
NR PRS-based measurements for positioning in clause 9.9.

-
E-UTRA Inter-RAT RSTD and E-CID measurements in clauses 9.4.4 and 9.4.5.

-
For a UE in E-UTRA-NR dual connectivity operation, NR SSB-based Inter-RAT measurement object configured by the E-UTRAN PCell (TS 36.133 [15] clause 8.17.4) on an NR serving carrier 

-
the SSB is not completely contained in the active BWP of the UE, or 

-
all of the SMTC occasions of this inter-RAT measurement object are overlapped by the measurement gap;
-
NR SSB-based Inter-RAT measurement object configured by the E-UTRAN PCell (TS 36.133 [15] clause 8.17.4) on an NR non-serving carrier.

-
E-UTRAN Inter-frequency measurement object configured by the E-UTRAN PCell (TS 36.133 [15] clause 8.17.3) and by the E-UTRAN PSCell (TS 36.133 [15] clause 8.19.3).

-
E-UTRAN Inter-frequency RSTD measurement configured by the E-UTRAN PCell (TS 36.133 [15] clause 8.17.15).

-
UTRA Inter-RAT measurement object configured by the E-UTRAN PCell (TS 36.133 [15] clauses 8.17.5 to 8.17.12).

-
GSM Inter-RAT measurements configured by the E-UTRAN PCell (TS 36.133 [15] clauses 8.17.13 and 8.17.14).

Among the above cases, the cases highlighted in yellow should be considered in order to support inter-frequency without gap for RedCap UE, the cases in gray does not need to be considered for RedCap since CA, ENDC or unlicensed, positioning, mobility to GSM and UTRA are not supported for Rel-17 RedCap.

CSSFwithin_gap,I  is related to the measGapSharingScheme factor. Existing measGapSharingScheme factor for SA is defined as follows. According to RAN LS [2], UE can optionally support BWP without NCD-SSB. If no SSB is within the active BWP, then UE needs to use measurement gap to perform intra-frequency measurement. In [4], it was discussed that the measurement gap sharing factor of “equal splitting” or “25%” may not be configured for RedCap UE, thus these two values are wasted. In our view, “equal splitting” and “25%” can be kept to leave the flexibility to RedCap UE since if UE does not support FG 6-1a (active BWP without SSB and CORSET#0), then this issue will not exist and legacy values can still be configured to RedCap UE. One solution to promote the intra-frequency measurement is to add additional 1 bit and values for the measGapSharingScheme factor for RedCap UE, e.g. 85%, 95%. The exact valued to be added can be further discussed. However, if companies think new values are not necessary for RedCap UE, we are also open to reuse the existing values for RedCap UE.
Proposal 3: The current design for CSSF within gap is reused for RedCap UE. Consider to add additional two values of measGapSharingScheme factor for RedCap UE, e.g. 85%, 95%.

Table 9.1.2.1a-1: Value of parameter X for NR standalone measurement gap sharing

	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.


2.2 Measurement conditions for HD-FDD UE
	Priority between UL and DL during cell identification for HD-FDD
· Option 1 (Xiaomi, Apple, vivo, HW, MTK, OPPO): RRM DL measurement is prioritized over the UL transmission of HD-FDD for RedCap UE in cell identification and measurement requirement.
· Option 2 (CMCC, E///, Nokia): No measurement period relaxation or prioritization between measurement and dynamically scheduled UL transmission are needed. Clarification on available samples can be considered:
· “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.”


In general we agree the DL measurement is prioritized over the dynamically scheduled UL transmission of HD-FDD for RedCap. However, the main issue here is how to reflect this in the spec. In our view, option 2 is better to clarify the availability of the reference signals to be measured. Unless the signals are available, how to prioritize can be left to UE implementation, which provides more flexibility at the UE side.

Proposal 5: For HD-FDD RedCap UE, no measurement period relaxation or prioritization between measurement and dynamically scheduled UL transmission are needed. Clarification on available samples can be considered:

· “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.”
3. Conclusions
In this contribution, we discuss the remaining open issues of mobility procedure for RedCap UE and the proposals are:

Proposal 1: RAN4 needs to consider ‘inter-frequency without MG’ capability when define RedCap RRM requirements.
Proposal 2: The searcher is shared by intra-frequency without gap and inter-frequency without gap measurement for RedCap UE:

CSSFoutside_gap,I  for 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; otherwise, CSSFoutside_gap,I  for PCC=1

CSSFoutside_gap,i for inter-frequency MO with no measurement gap=2*Y, 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; otherwise, it is 0.
Proposal 3: The current design for CSSF within gap is reused for RedCap UE. Consider to add additional two values of measGapSharingScheme factor for RedCap UE, e.g. 85%, 95%.

Proposal 4: For HD-FDD RedCap UE, no measurement period relaxation or prioritization between measurement and dynamically scheduled UL transmission are needed. Clarification on available samples can be considered:

· “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.”
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For non-CA capable UE:
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Option 2 (MTK): Define requirements based on the assumption that UE perform measurement outside gaps (same as intra-frequency measurement without MG) 
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