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1 Introduction
In last RAN4#101-e meeting, discussion on RRM requirements for RedCap UE was conducted and a way forward was agreed in [1]. Based on the guidance in WF, we provide our further consideration on the RRM requirements for RedCap UE in this contribution.
2 Discussion
General
Measurement capability
	Measurement capability in IDLE/INACTIVE state
· Option 1 (E///, vivo, ZTE, HW, QC, Nokia, MTK): Measurement capability of RedCap UE in IDLE/INACTIVE states is reduced. 
· Option 1a (E///, Nokia): The RedCap UE shall be capable of monitoring at least: 
· Intra-frequency carrier, and
· Depending on UE capability, 5 NR inter-frequency carriers, and
· Depending on UE capability, 5 FDD E-UTRA inter-RAT carriers, and
· Depending on UE capability, 5 TDD E-UTRA inter-RAT carriers.
A total of 10 carrier frequency layers, which includes serving layer, comprising of any above defined combinations of E-UTRA FDD, E-UTRA TDD and NR layers. 
· Option 2 (CMCC, Apple, E///, Xiaomi, HW, Oppo): Reuse existing measurement capability for Rel-17 RedCap UE
· Option 3 (MTK): Reduction of number of cells/layers/frequencies/SSBs is based on System Level Simulations (SLS)
Whether to reuse NR measurement capability to LTE
· Option 1 (vivo, Nokia): Similar rule (reduction of inter-frequency carrier monitoring from NR) could be applied for LTE FDD/TDD.
Measurement capability in CONNECTED state
· Option 1 (E///, ZTE, HW, vivo, MTK): Measurement capability of RedCap UE in CONNECTED state is reduced. 
· Option 1a (E///, Nokia): The RedCap UE shall be capable of monitoring at least: 
· Depending on UE capability, 5 NR SSB inter-frequency carriers configured by PCell, and
· Depending on UE capability, 6 NR inter-frequency carriers including SSB and CSI-RS in total configured by PCell, and
· Depending on UE capability, 5 E-UTRA TDD inter-RAT carriers configured by PCell, and
· Depending on UE capability, 5 E-UTRA FDD inter-RAT carriers configured by PCell, and
In addition to the requirements defined above, the UE shall be capable of monitoring a total of at least [9] effective carrier frequency layers comprising of any above defined combination of NR, E-UTRA FDD, and E-UTRA TDD.
· Option 2 (CMCC, Apple, E///, Xiaomi, HW, QC, Oppo): The legacy NR requirements of number cells/layers/frequencies/SSBs to be monitored/measured is applied to RedCap UEs.
· Option 3 (MTK): Reduction of number of cells/layers/frequencies/SSBs is based on System Level Simulations (SLS)


As lower cost and reduced complexity are expected for RedCap UE, we think the reduced measurement capability could be defined. 
Proposal 1: Measurement capability of RedCap UE in IDLE/INACTIVE state and CONNECTED state could be reduced.
Impact on paging reception requirements
	Impact on paging reception requirements for FD-FFD/TDD UEs
· Option 1 (vivo, E///, Xiaomi, CMCC, HW, MTK, Apple, Oppo, Nokia): There is no impact on the requirement for maximum interruption in paging reception, i.e. Rel-15 requirements shall apply to RedCap.
· Option 2 (QC, MTK)


In last meeting, requirements for RedCap UE for maximum interruption in paging reception in NR idle mode was discussed. In current spec, the interruption time for NR to NR cell re-selection is specified as TSI-NR + 2*Ttarget_cell_SMTC_period ms, which consists of the time for UE to read SIB from the target cell and the time for UE to synchronize to the target cell. Companies raised concerns that additional time may be needed if the PO occasions of the target cell lie within the RedCap specific initial BWP. 
For the configuration of RedCap specific initial DL BWP, the latest RAN1 agreement is captured as below:
	Agreement 
· For both FR1 and FR2, for a cell that allows a RedCap UE to access, network can configure a separate initial DL BWP for RedCap UEs in SIB. At least the case when the separate initial DL BWP includes CD-SSB and the entire CORESET#0 is supported
· It can be used in idle/inactive mode (including paging) and during and after initial access, when applicable
· It is no wider than the maximum RedCap UE bandwidth.
· This applies to both TDD and FDD (including FD FDD and HD FDD) cases.


Furthermore, in the past RAN#94e meeting, further clarification is made as following:
	1. Scheme 1 (i.e. UE in IDLE and INACTIVE monitors paging in an initial BWP associated with CD-SSB) is adopted for further work in Rel-17. Scheme 2 (i.e. UE in IDLE and INACTIVE monitors paging in an initial BWP associated with NCD-SSB) is not considered further in Rel-17


In our understanding, based on the agreements above, when the PO occasions for RedCap are configured in the RedCap separate initial DL BWP, CD-SSB is always expected in the certain BWP. Then, we think the current specification is applicable for RedCap UE.
Proposal 2: There is no impact on the requirement for maximum interruption in paging reception, i.e. Rel-15 requirements shall apply to RedCap.
HD-FDD operation
	Issue 1-3-2: Paging reception for HD-FDD UE
· [bookmark: OLE_LINK2]Option 1 (E///, CMCC, QC, Nokia): The RedCap UE operating in HD-FDD mode shall receive paging (if transmitted) in a serving cell provided that at least one SSB is available at the UE in the serving cell during the last T1 duration, where
· Option A: T1=160 ms.
· Option B: T1=TBD 


In last RAN4 meeting, Issue 1-3-2 was proposed by company for idle/inactive mode. From our view, UE only perform DL reception, including paging reception and SSB-based measurements, in RRC IDLE/INACTIVE state. Then, there would be no collision between DL reception and UL transmission. Also, in our understanding, the reception of paging message is regarded as the highest priority during the requirements discussion. More clarification is needed for this issue.
Proposal 3: More clarification is needed for the issue of paging reception for HD-FDD UE in idle/inactive mode.
Considering the scheduling restriction for HD-FDD UE, we think it is more related to RRC connected mode. Other open issues about HD-FDD requirements for connected state mobility are captured below:
	Scheduling restriction for HD-FDD UE
· Option 1 (MTK, CMCC): Support introducing scheduling availability restriction on 5G NR RedCap UEs performing measurements in HD-FDD bands.
· Option 2 (E///, CMCC, HW, Nokia): No need to introduce scheduling availability restriction on 5G NR RedCap UEs performing measurements in HD-FDD bands.
· Option 3 (vivo, Apple, Xiaomi, CMCC, MTK): Needs further discussions/study.

Requirements for HD-FDD in HO
· Option 1: RRM DL measurement is prioritized over the UL transmission of HD-FDD for RedCap UE in HO requirement. 
· Option 2 The UE shall meet HO requirements provided the following is met: (Ericsson)
· SSB is available at the UE once every SMTC period during Tsearch.
· One SSB is available during T∆
· One SSB is available during Tiu
RA requirements for HD-FDD
· Option 1 (E///): 
· The RedCap UE operating in HD-FDD mode is not expected to perform PRACH transmission in a cell if UE has not received at least one SSB during the last Tp period in the cell, where
· Option 1: Tp=160 ms.
· The RedCap UE operating in HD-FDD mode shall meet the PRACH requirements when performing PRACH transmission in a cell provided that the UE has received at least one SSB during the last Tp period before the PRACH transmission, where
· Option 1: Tp=160 ms.


For requirements for HD-FDD in HO, we generally agreed Option 1 to prioritized RRM DL measurement over the UL transmission. We think the prioritization of DL should be performed during the entire HO delay.
Proposal 4: RRM DL measurement is prioritized over the UL transmission of HD-FDD for RedCap UE in HO requirement
For random access, the prioritization issue of between configured SSB and dynamically scheduled or configured UL transmission for HD-FDD has been discussed in RAN1. It was agreed to re-use the existing collision handling principles of Rel-15/16 for NR TDD that SSB is prioritized. The related description in TS 38.213 is captured below:
	[bookmark: OLE_LINK3][bookmark: OLE_LINK4]For operation on a single carrier in unpaired spectrum, for a set of symbols of a slot indicated to a UE by ssb-PositionsInBurst in SIB1 or ssb-PositionsInBurst in ServingCellConfigCommon, for reception of SS/PBCH blocks, the UE does not transmit PUSCH, PUCCH, PRACH in the slot if a transmission would overlap with any symbol from the set of symbols and the UE does not transmit SRS in the set of symbols of the slot.


[bookmark: _GoBack]Proposal 5: No need to define the limited condition for the RA requirements for HD-FDD RedCap UE.
Random access
	Impact on 1 Rx RSRP accuracy in RSRP threshold
· Option 1 (E///, CMCC): 
· Inform RAN2 about the need to introduce separate RSRP thresholds for RedCap UE with 1 Rx in procedures that depend on RSRP based thresholds such as RA. 
· Option 2 (Apple): No separate threshold needed for CONNECTED mode.
· Option 2 (HW, QC): No separate threshold needed.



For the impact on 1RX RSRP accuracy in RSRP threshold, we prefer that no separate threshold needed. For connected mode, as company pointed out that NW could configure the proper threshold for RedCap UE according to the capability parameter maxNumberMIMO-LayersPDSCH. For idle/inactive mode, as it was already agreed to relax the accuracy level for 1 Rx RedCap UE, we think it is straightforward to use single threshold.
Proposal 6: Prefer not to define separate threshold for 1RX RedCap UE.
Timing requirements

	Condition for meeting UE transmit timing requirements
· Option 1 (E///, CMCC) : Redcap UE should meet the existing Te and Tq requirements provided that the SSB is available at the UE at least once every 160 ms regardless of whether the SSB is within the active BWP of the reference cell, or not.
Use of CSI-RS/TRS when no SSB in active BWP 
· Option 1 (Xiaomi, HW, CMCC, QC, Apple): 	RAN4 would wait for RAN1’s final decision about using CSI-RS/TRS to acquire the reference cell timing.
· Option 2 (E///, MTK): CSI-RS/TRS is not needed/feasible. 
Interruption when no SSB in active BWP
Option 2 (E///, Xiaomi, CMCC): Interruption due to retuning to acquire CD-SSB for different purposes if the redcap specific BWP does not contain SSB should be addressed separately in general manner.



The timing requirements for RedCap UE are more related to the application of NCD-SSB. According to the LS [2] received from RAN1. For RRC-configured DL BWP case, SSB is always expected in the active BWP if UE support FG-6-1 which is a mandatory feature. While for initial DL BWP case, UE may need to switch to CD-SSB for synchronization for RA. For the issue of using CSI-RS/TRS to acquire the reference cell timing, we there is still no clear conclusion for this topic in RAN1. Considering the limited time for Rel-17, we prefer CSI-RS/TRS is not needed in current stage.
Proposal 7: CSI-RS/TRS is not needed to acquire the reference cell timing in Rel-17.
Signaling characteristics
Interruptions
	Issue 4-4-1: Applicability of existing interruption requirements 
· Option 1 (CMCC, E///, Apple, HW, vivo): The interruption requirements defined in TS 38.133 clause 8.2 are not applicable for Redcap.
· Option 2 (vivo, Xiaomi): For the interruption caused by active BWP switching, reuse the Rel-15 interruption requirements as the baseline. 
· Option 3 (ZTE): RRM requirements related to interruptions shall be modified for redCap UEs.
· Option 4 (Xiaomi): The following interruption requirements defined at 8.2 of TS38.133 are not applicable (no impact) for Redcap UE:
· Interruptions at SCell addition/release
· Interruptions at SCell activation/deactivation
· Interruptions during measurements on deactivated SCC
· Interruptions at SCell activation/deactivation with multiple downlink SCells
· Interruptions at direct SCell activation
· Interruptions due to SCell dormancy
· For the interruption caused by active BWP switching, reuse the Rel-15 interruption requirements as the baseline. 



Considering the applicability of all the existing interruption requirements in TS 38.133 clause 8.2, we agree that they are not applicable for RedCap which is not support CA/DC. Option 2 and Option 4 are related to the BWP switching where only center-frequency is changed, which could be discussed separately in BWP switching section.
Proposal 8: The interruption requirements defined in TS 38.133 clause 8.2 are not applicable for Redcap.
BWP switching
	Issue 4-4-5: Define new BWP switching delay when only center-frequency is changed 
BWP switching delay when only center-frequency is changed 
· [bookmark: OLE_LINK5][bookmark: OLE_LINK6]Option 1: Reuse legacy BWP switching delay
· Option 2: Define new BWP switching delay when only center-frequency is changed.
· Companies are encouraged to bring analysis on impact on RedCap UE complexity and feasible switching delays


The background to this BWP switching issue is that when SSBs are not transmitted in the RedCap configured initial DL BWP, the UE may have to perform RF retuning in order to switch to different BWP (e.g. initial BWP) to receive the SSBs. According to RAN1’s latest agreements, applicablility for RedCap UE to use NCD-SSB is identified. We think the BWP switching when only center-frequency is changed is not expected to perform frequently. Also, the BWP switching involves baseband parameters reconfiguration and RF reconfiguration. RedCap UE may take more time for baseband parameters reconfiguration due to inferior demodulation performance. Then, we prefer to reuse the current BWP switching requirements for RedCap UE. 
Proposal 9: RAN4 to reuse the legacy BWP switching delay for RedCap UE in Rel-17.
Measurement procedure
	Sub-topic 5-1 CSSF, gap related issues
Inter-frequency without gap
· Option 1 (Apple, Xiaomi, ZTE, vivo, MTK, Oppo): RedCap UE won’t support ‘Inter-frequency without gap’ measurement capability.
· Option 2 (CMCC, HW): RAN4 needs to consider ‘inter-frequency without MG’ capability when define RedCap RRM requirements.
CSSF outside gap
· Option 1 (Apple, Xiaomi, E///, MTK, vivo): CSSFoutside_gap,i = 1 for RedCap UE measurement outside gap based on Rel-15 requirement.
· Option 2 (CMCC, HW): 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 (Xiaomi, HW, vivo, Apple, MTK, Oppo): The current design for CSSF within gap could be reused for RedCap UE.
· Option 2 (E///, CMCC): RAN4 needs to revisit the design for CSSF within gap/gap sharing scheme to promote PCell’s measurement.
Sub-topic 5-5 Measurement conditions for HD-FDD UE
Issue 5-5-2: 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.”


The UE can perform inter-frequency SSB based measurements without measurement gaps if the SSB is completely contained in the active BWP of the UE. As agreed in last meeting to define requirements for 1RX and 2RX capable RedCap UEs based on single searcher assumption, we think it is reasonable for RedCap UE not supporting ‘inter-frequency without gap’ measurement capability.
Proposal 10: RedCap UE won’t support ‘Inter-frequency without gap’ measurement capability in Rel-17.
For CSSF outside gap, as we supported that RedCap UE won’t support ‘Inter-frequency without gap’ measurement capability, we prefer to define the CSSFoutside_gap,i = 1.
For CSSF within gap, the requirements were specified based on the assumption that UE conducts the measurement of one frequency layer at a time, no matter the layer is intra frequency or inter frequency. We think the existing MG sharing mechanism could be reused.
Proposal 11: CSSFoutside_gap,i = 1 for RedCap UE measurement outside gap based on Rel-15 requirement.
Proposal 12: The current design for CSSF within gap could be reused for RedCap UE.
For the issue of priority between UL and DL during cell identification for HD-FDD, both option 1 and option 1a listed here are to ensure the measurement performance. From our perspective, option1 is more preferable, which is following the same principles in Rel-15. 
Proposal 13: RRM DL measurement is prioritized over the UL transmission of HD-FDD for RedCap UE in cell identification and measurement requirement.
3 Conclusion
Proposal 1: Measurement capability of RedCap UE in IDLE/INACTIVE state and CONNECTED state could be reduced.
Proposal 2: There is no impact on the requirement for maximum interruption in paging reception, i.e. Rel-15 requirements shall apply to RedCap.
Proposal 3: More clarification is needed for the issue of paging reception for HD-FDD UE in idle/inactive mode.
Proposal 4: RRM DL measurement is prioritized over the UL transmission of HD-FDD for RedCap UE in HO requirement
Proposal 5: No need to define the limited condition for the RA requirements for HD-FDD RedCap UE.
Proposal 6: Prefer not to define separate threshold for 1RX RedCap UE.
Proposal 7: CSI-RS/TRS is not needed to acquire the reference cell timing in Rel-17.
Proposal 8: The interruption requirements defined in TS 38.133 clause 8.2 are not applicable for Redcap.
Proposal 9: RAN4 to reuse the legacy BWP switching delay for RedCap UE in Rel-17.
Proposal 10: RedCap UE won’t support ‘Inter-frequency without gap’ measurement capability in Rel-17.
Proposal 11: CSSFoutside_gap,i = 1 for RedCap UE measurement outside gap based on Rel-15 requirement.
Proposal 12: The current design for CSSF within gap could be reused for RedCap UE.
Proposal 13: RRM DL measurement is prioritized over the UL transmission of HD-FDD for RedCap UE in cell identification and measurement requirement.
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