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1. Introduction
This way forward contains all agreements from RAN4#103-e in email thread: [103-e][214] NR_redcap_RRM_1
Agreements from discussions on ‘General’
0. Frequency band grouping
NR frequency band grouping for FR1 RedCap:
No new frequency band grouping table is introduced for FR1 RedCap.
NR frequency band grouping for FR2 RedCap:
For FR2, the existing tables are updated to support UE power class 7 (PC7) for n257, n258 and n261 as per RF agreement.

0. Paging reception
Impact on paging reception requirements for FD-FFD/TDD UEs for 1 Rx
For 1 Rx, there is no impact on the requirement for maximum interruption in paging reception, i.e. Rel-15 requirements shall apply to RedCap.
0. Small data transmission for RedCap
SDT for RedCap with 1 Rx – time window for FR1 and FR2
Time windows defining the valid measurements used for TA validation are reused from Rel-17 SDT.
· If NR SDT requirements (defined in other Rel-17 SDT WI) include references to 2 Rx measurement accuracy requirements, they shall be updated to point to corresponding 1 Rx measurement accuracy requirements.
Requirements on UE synchronization for SDT
The requirements on UE synchronization towards the serving cell defined for 2 Rx SDT requirements are reused for 1 Rx RedCap UE.

Separate IDLE/INACTIVE mode thresholds for 1 Rx RedCap
RAN4 to consider defining an offset to absThreshSS-BlocksConsolidation for 1Rx UEs.
· FFS: A separate offset is defined for different measurement quantities such as SS-RSRP, SS-RSRQ etc.

Agreements from discussions on ‘Mobility requirements’
0. Sub-topic 2-1 Handover
Impact on Tsearch (in HO) for 1Rx for FR1
RAN4 to relax the Tsearch for RedCap HO delay requirement as followings when SINR=-2dB and 1Rx is used:
· For HO to FR1, 
· Tsearch = 2*Trs for intra-frequency HO
· Tsearch = 5* Trs for inter-frequency HO

Potential Scenarios for HO
The following scenarios are precluded based on RAN2’s agreements.
· Scenario 2:   HO to an initial BWP with CD-SSB but RACH on RedCap specific BWP associated with NCD-SSB
· Scenario 2a: HO to an initial BWP with CD-SSB but RACH on RedCap specific BWP associated with CD-SSB 
· Scenario 3: HO to an initial BWP with CD-SSB but RACH on RedCap specific BWP with no SSB

Requirements for directly HO to a RedCap specific BWP with NCD-SSB or CD-SSB (Scenario 1)
· Reuse legacy HO requirements for handover to RedCap [first active] BWP with NCD-SSB except Tsearch relaxation from 1 Rx reception.
· RAN4 assume that the RACH occasion is configured with the [first active] BWP

Requirements for HO to an initial BWP with CD-SSB but RACH on RedCap specific BWP associated with NCD-SSB (Scenario 2)
The scenario is precluded.

Requirements for HO to an initial BWP with CD-SSB but RACH on RedCap specific BWP associated with CD-SSB (Scenario 2a)
The scenario is precluded.

Requirements for HO to an initial BWP with CD-SSB but RACH on RedCap specific BWP with no SSB (Scenario 3)
The scenario is precluded.

Additional BWP switching delay (TBWP-switching-delay) in requirements
The scenario is precluded. No need to further discussion.

T/F tracking delay(T∆) in requirements
The scenario is precluded. No need to further discussion.

Requirements for HO to a BWP which has different SSB with the one used for measurement (Scenario 4)
Do not introduce HO requirements depending on the separation between initial BWP and RedCap BWPs or power difference between NCD-SSB and CD-SSB.

0. Sub-topic 2-2 RRC re-establishment 
RRC reestablishment on a BWP with NCD-SSB 
No need to further discussion the scenario.

0. Sub-topic 2-3 RRC Connection release with redirection 
RRC connection release with redirection on a BWP with NCD-SSB
No need to further discussion the scenario.
Agreements from discussions on ‘Timing requirements’ 
Whether SSB has to be in UE active BWP for meeting the UE transmit timing requirements
For core requirement, 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 on the following conditions that
· The SSB should be within active BWP, or
· The SSB is not within active BWP, and the gap is configured
· Capture the condition in the section for RedCap timing of the specification

Updated definition of reference point for UE transmit timing requirements
Use the following reference point definition as in 38.133 v17.5.0 for Redcap UE timing: 
· The downlink timing is defined as the time when the first path (in time) of the corresponding downlink frame used by the UE to determine downlink timing is received from the reference cell at the UE antenna.
Agreements from discussions on ‘Signaling characteristics’ 

5. Sub-topic 4-2 BFD
SSB-based based BFD: evaluation period for FR1
BFD evaluation period is extended by a factor of 2 for 1 Rx UE compared to 2 Rx UE.

5. Sub-topic 4-3 CBD including L1-RSRP measurements
Whether relaxed L1-RSRP requirements applies to both intra- and inter-frequency
No further discussions needed as relaxed L1-RSRP applies only to intra-frequency measurements.

SSB-based L1-RSRP measurements: absolute accuracy with measurement restriction in FR1
Relax the current absolute L1-RSRP accuracy by 3 dB when 1Rx is used compared with the legacy UE.  
SSB-based L1-RSRP measurements: relative accuracy with measurement restriction in FR1
Relax the relative L1-RSRP accuracy by 3dB
CSI-RS based L1-RSRP measurements: absolute accuracy with measurement restriction in FR1
Relax by 3 dB when 1Rx is used compared with the legacy UE.
CSI-RS based L1-RSRP measurements: relative accuracy with measurement restriction in FR1
Relax the relative L1-RSRP accuracy by 3dB

Note: For the agreements related to CSI-RS/SSB based L1-RSRP measurements, test cases will be defined with AWGN channel following the same principle as in Rel15/16 requirements.

5. Sub-topic BWP switching
Whether to introduce new UE capability to indicate support of new BWP switching delay when only center-frequency is changed 
No consensus to introduce new UE capability to indicate the support of new BWP switching delay when only center-frequency is changed. 
Whether to define BWP switching delay when only center-frequency is changed in Rel-17 
No consensus to define BWP switching delay when only center-frequency is changed in Rel-17 for RedCap. 
If new BWP switching delay when only center-frequency is changed is introduced, how to express those: 
No consensus to define BWP switching delay when only center-frequency is changed in Rel-17 for RedCap.
5.  Sub-topic UL spatial relation switch
UL spatial relation switch delay 
For UL spatial relation switching requirements, the legacy UL spatial relation switch requirements are reused with following updates:
· TL1-RSRP_Measurement_Period_SSB replaced to TL1-RSRP_Measurement_Period_SSB_RedCap
· TL1-RSRP_Measurement_Period_CSI-RS replaced to TL1-RSRP_Measurement_Period_CSI-RS_RedCap
UL spatial relation switch for HD-FDD UE 
· For RedCap UE in HD-FDD mode, if a downlink reception overlaps with uplink transmission associated with the target spatial relation of the serving cell then the UE is allowed to postpone the uplink transmission.

Agreements from discussions on ‘Measurement procedure’ 
5. Use of NCD-SSB for CONNECTED mode measurements
Whether to support scenario: neighbour cells include NCD-SSB on the same frequency location as serving cell CD-SSB
RAN4 to preclude following scenario in Rel-17 RedCap: neighbour cells include NCD-SSB on the same frequency location as serving cell CD-SSB.
Whether to define requirements for scenario B-2
Case B-2 is supported if no additional requirements or minimum changes shall be introduced compared with other scenario.

Reference SSB to decide measurement type (intra- or inter-frequency)
The issue can be closed based on the following RAN2’s latest agreements.
From RAN2 signalling point of view, 
· a BWP-specific servingCellMO is defined under BWP-DownlinkDedicated, the SSB defined in this servingCellMO is the reference SSB to be used for serving cell measurements when the UE is in this active BWP; 
· if the field is absent, SSB defined in servingCellMO under ServingCellConfig is the reference SSB to be used for serving cell measurements. 
· This reference SSB is used to define intra-frequency measurements.

Definition of SSB based intra-frequency measurement
The centre frequency of the reference SSB of the serving cell 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. The reference SSB is the SSB defined in BWP-specific servingCellMO under BWP-DownlinkDedicated of active DL BWP. If the field is absent, the reference SSB is the SSB defined in servingCellMO under ServingCellConfig.

When both CD-SSB and NCD-SSB are configured for serving cell measurements
The issue can be closed based on the following RAN2’s latest agreements.
· It is possible to configure CD-SSB and/or multiple NCD-SSB for serving cell measurements, but the UE shall perform the measurements using the configured serving cell measurement object of the active BWP which can either be associated with CD-SSB or NCD-SSB.

When both CD-SSB and NCD-SSB are configured for serving cell measurements and both require MG (if scenario is supported)
This scenario is invalid based on the following RAN2’s latest agreements.
· It is possible to configure CD-SSB and/or multiple NCD-SSB for serving cell measurements, but the UE shall perform the measurements using the configured serving cell measurement object of the active BWP which can either be associated with CD-SSB or NCD-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:
· UE should follow NW’s configuration to perform measurements on both SSBs.

Neighbour cell’s NCD-SSB information
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. 

Delay requirements for NCD-SSB based measurement 
Measurement delay requirements are introduced for RedCap UE when:
Current requirements apply, no addition requirements are introduced.
· Note:  Requirements may be revisited once RAN4 has a clear definition and applicable scenarios for NCD-SSB.

Periodicity of NCD-SSB 
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 
No consensus on whether to support Reporting of RS type (NCD-SSB or CD-SSB) as part of RRM measurement reporting. 

Serving cell threshold associated SSB
No consensus on whether whether the serving cell thresholds of SIntraSearchP/SIntraSearchQ/SnonIntraSearchP/SnonIntraSearchQ for IDLE/Inactive mode and s-MeasureConfig for Connected mode should be checked based on reference SSB measurement.


5. CSSF, gap related issues
Inter-frequency without gap with capability
Reuse the existing ‘inter-frequency without MG’ capability signaling for redcap UE, and further discuss how to specify the requirements for UE supporting redcap and signaling of inter-frequency without MG in the future.

Inter-frequency without gap without capability
The MO#2 is the intra-frequency measurement without gap without capability based on latest RAN2’s agreements.
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CSSF outside gap
Define the requirement based on the following update. 
· CSSFoutside_gap,i =1, if only one MO is configured to be measured outside of MG for RedCap. The MO can be either intra-frequency MO without gap or inter-frequency MO without gap,
· Otherwise, CSSFoutside_gap,i =2 for intra-frequency measurement, and CSSFoutside_gap,i = 2*Y for inter-frequency MO with no measurement gap, Y is the number of configured inter-frequency MOs without MG.
· Note: Only inter-frequency MOs without MG when none of the SMTC occasions of this inter-frequency measurement object are overlapped by the measurement gap are measured outside of MG

Assumption on searcher 
For RedCap UE, one searcher shall be shared with all frequency layers which are measured without gap.

PSS/SSS detection with 1 Rx
It was agreed to increase the number of attempts for PSS/SSS detection for 1 Rx RedCap UE in FR1, see R4-2202670. Under this issue it is discussed how much (nr of attempts) to relax.
· By 2 SMTC window as follows:
· non-DRX delay requirement: max( 600ms, ceil( 7 x Kp) x SMTC period ) x CSSFintra

Whether to extend the lower bound in PSS/SSS detection delay in FR1 and FR2 
No consensus to extend the lower bound in PSS/SSS detection delay in FR1 and FR2.
5. Time index detection with 1 Rx
Extension of lower bound in time index detection delay with DRX 
Following agreement was reached at previous meeting:
	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


RAN4 shall clarify if the lower bound extension (as agreed at last meeting see the background) applies to the cases with DRX too.

How much to extend time index delay in FR1 (PBCH-DMRS detection)
The time index delay in FR1 is extended by 3 samples/SMTC, i.e. total 6 samples.


5. SSB based L3 measurement with 1 Rx
Whether lower bound in measurement period for 1 Rx requirements is extended in FR1
No consensus to extend the lower bound in measurement period for 1 Rx requirements is extended in FR1. 

Relaxation of accuracy levels for FR1
· Absolute accuracy level for 1 Rx RedCap is relaxed by 1 dB compared to legacy requirements.
· Relative accuracy level for 1 Rx RedCap is relaxed by 1 dB compared to legacy requirements.
Note: Test cases will be defined with AWGN channel following the same principle as in Rel15/16 requirements.

5. Sub-topic 5-6 CGI reading
SIB1 decoding delay for CGI reading
12 samples are needed for 1Rx RedCap UE to achieve the SIB1 90% successful rate.
Assistance information for CGI reading
It is up to RAN2 whether:
· 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.


Agreements from discussions on RRM performance part
Sub-topic 6-2 Test configurations and type of tests
Applicability requirements for RedCap
Applicability requirements for RedCap test cases are introduced in A.3x.
Duplex modes
All RRM test cases are introduced for FDD, TDD and HD-FDD UEs.
Accuracy of SS-RSRQ 
RedCap SS-RSRQ accuracy level is derived by relaxing the legacy SS-RSRQ accuracy level by the same level as agreed for RedCap SS-RSRP measurement compared to legacy SS-RSRP measurement.
Accuracy of SS-SINR 
RedCap SS-SINR accuracy level is derived by relaxing the legacy SS-SINR accuracy level by the same level as agreed for RedCap SS-RSRP measurement compared to legacy SS-RSRP measurement.
Other notes from ‘General’ discussions

SDT+ eDRX
TA validation requirements when UE is configured with eDRX was discussed but no conclusions were reached. Interested companies may provide their view at next meeting. 
5. Neighbour cell relaxation when UE has failed to meet cell suitability criterion
Following highlighted text to capture in the IDLE mode CR was discussed but not agreed. Interested companies may provide their view at next meeting:
“If the UE is not configured with eDRX_IDLE cycle and the UE has evaluated according to Table 4.2B.2.2-1 for 1 Rx RedCap or Table 4.2.2.2-1 for 2 Rx RedCap in Nserv_RedCap consecutive DRX cycles that the serving cell does not fulfil the cell selection criterion S, the UE shall initiate the measurements of all neighbour cells indicated by the serving cell, regardless of the measurement rules currently limiting UE measurement activities. In this case the UE shall not relax measurements on any of the neighbour cells even if the UE is configured with any relaxed measurement criterion and has fulfilled that criterion.”
RSRP margin for SDT absolute RSRP thresholds
· Option 1 (Intel, E///, Apple, Nokia): 
For FR1, RedCap UE determines the above RSRP related thresholds for SDT procedure as follows:
 • UE using 2 Rx branches determines any of the above threshold (H1) based on existing signaling and RSRP range defined in TS 38.133. 
 • For absolute RSRP threshold, UE using 1 Rx branch determines any of the above threshold (H2) as H2 = H1 + offsetabsolute 
· Absolute RSRP threshold for SDT procedure includes sdt-RSRP-Threshold and cg-SDT-RSRP-ThresholdSSB 
· Option 1b (MTK, Nokia): 
· Option  1 is agreed provided offset (offsetabsolute) is a constant number.

· Option 2 (vivo): 
1 Rx UE does not need to apply RSRP offset based on the 2 Rx threshold for CG-SDT. 

RSRP margin for SDT RSRP change threshold
· Option 1 (Intel): 
 For RSRP change threshold,  UE using 1 Rx branch determines any of the above threshold (H2) by
· Option 1a (Intel, Nokia, Apple, E///): H2 = H1 + offsetRSRPChange 
· Option 1b: separate threshold H2 used
RSRP change threshold for SDT procedure includes cg-SDT-RSRP-ChangeThreshold.
· Option 1b (MTK, Nokia): 
· Option  1 is agreed provided offset (offsetRSRPChange) is a constant number.

· Option 2 (vivo): 
1 Rx UE does not need to apply RSRP offset based on the 2 Rx threshold for CG-SDT. 

Other notes from ‘Mobility requirements’ discussions
Note: The following issues are not key issues related with the WI closing, and they could be further discussed in maintenance part.
Requirements for HO directly to a RedCap specific BWP with NCD-SSB only without measurement (Scenario 1a)
Candidate options:
· Option 1 (vivo, Ericsson, OPPO): When NW configures UE handover to the target unknown cell, and configures multiple SSBs’ information for multiple BWPs, 
· UE shall choose the SSB within the target active BWP.
· Otherwise, additional handover delay (Trs) is expected.
· Option 2 (CMCC, HW, Apple, QC, MTK, Nokia, Intel, Xiaomi, Nokia): No additional Trs is expected.
· Option 2a (QC) Additional clarification of Trs-Redcap = max (Trs, TSSB-firstActiveBWP)
Where, TSSB-firstActiveBWP is the periodicity of the SSB within the first Active BWP of the target cell.
· Option 3 (CMCC): No restriction on frequency separation is needed.

Mismatch between SMTC configurations in scenario 1, 2, 3 and 4
Candidate options:
· Option 1 (E///, vivo): RAN4 to further discuss the possible additional delay due to SMTC configuration mismatch, such as between CD-SSB measurement and NCD-SSB HO without default SMTC configuration.
· Option 1a (CMCC, HW): Clarification needed in spec.
· Option 2 (Apple, Xiaomi): FFS, some clarification may be needed.
· Option 3 (MTK): No need to discuss the issue.


Other notes from ‘Timing requirements’ discussions

Other notes from ‘Signaling characteristics’ discussions
5. Relaxed RLM/BFD
Following was discussed without any agreement:
Whether to define further relaxation (relaxed RLM/BFD) based on Rel-17 UE power saving WI for RedCap in Rel-17
Candidate options:
· Option 1 (QC): RAN4 to define further relaxations (e.g., larger K values) to RLM/BFD measurements for a Rel-17 RedCap UE that is configured with and satisfies the stationary criterion.
· Option 2 (HW, Apple, CMCC, vivo, OPPO): Relaxed RLM/BFD based on Rel-17 UE power saving WI is out of RedCap WI scope.
· Option 3 (E///, MTK, Xiaomi, MTK): FFS under maintenance
If further relaxation (relaxed RLM/BFD) based on Rel-17 UE power saving WI is defined for RedCap in Rel-17
Candidate options:
· Option 1 (QC): RAN4 to consider defining the applicability of power-saving enhancements to longer DRX cycles (up-to 160ms) to allow stationary UEs save significant power.



Other notes from ‘Measurement procedure’ discussions


Whether to support for per-FR/per-UE gap
Candidate options:
· Option 1 (OPPO, Ericsson, CMCC, Nokia): If a RedCap UE support both FR1 and FR2, whether RedCap UE can support per-FR gap(e.g., independentGapConfigdf) depends on UE capability.
· Option 2 (MTK, vivo, Apple): If MG is needed, both per-UE gap and per-FR gap can be supported, but UE behavior is same as per-UE gap. 
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