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Introduction
In RAN#90e meeting, a Rel-17 work item for support of reduced capability NR devices was approved and the WID was further updated in RAN#92e [1]. Two key objectives of the work-item are to provide support for 1 Rx UEs and UE bandwidth reduction.
RAN4 has been discussing multiple issues related to RRM procedures for RedCap UEs during the past few meetings. In this paper, we discuss few more issues related to complexity reduction of RedCap UEs.
SSB consolidation threshold (absThreshSS-BlocksConsolidation)
For cell reselection in multi-beam operations, the network may configure a UE with the threshold - absThreshSS-BlocksConsolidation, based on which the UE may derive the measurement quantity to evaluate cell reselection criterion. All or some of the beams that meet this threshold may be considered for the cell re-selection procedure. For example,
· If rangeToBestCell is configured, then the UE shall perform cell reselection to the cell with the highest number of beams above the threshold (i.e. absThreshSS-BlocksConsolidation) among the cells whose R value is within rangeToBestCell of the R value of the highest ranked cell.
· nrofSS-BlocksToAverage number of beams can be used (averaged) for derivation of cell measurement quantity.

Currently, the network configures this threshold assuming 2Rx branches for the UE. However, for 1Rx RedCap UEs, relaxations to accuracy requirements for measurement quantities such as SS-RSRP, SS-RSRQ etc are being considered. These relaxations would cause higher uncertainty in the measurements, and the measurement quantities for 1Rx UEs may erroneously cross the threshold leading to degradations in cell-reselections.
During the last RAN4 meeting, a need to define separate RSRP thresholds (e.g., for random access procedures) for 1 Rx UEs was discussed and it was decided that a specified offset to the configured threshold for 2Rx UEs may be applied for 1Rx UEs. [RAN4 Agreement] Network configures one RSRP/RSRQ threshold for 2 Rx RedCap UE (same as for legacy 2 Rx UE), and 1 Rx RedCap UE applies an offset to that threshold.  The offset is predefined in the specification.[2]


We think a similar approach could be used to configure absThreshSS-BlocksConsolidation for 1Rx UEs well.
Observation 1: For cell re-selection in multi-beam operations, the network may configure a UE with the threshold - absThreshSS-BlocksConsolidation under the assumption of 2 Rx chains. 
Observation 2: Measurement accuracy relaxations of cell measurement quantities such as SS-RSRP, SS-RSRQ etc may lead to low-quality beams being used for cell reselection procedures for 1Rx UEs. 
Proposal 1a: RAN4 to consider defining a separate absThreshSS-BlocksConsolidation for 1Rx UEs.
Proposal 1b: 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.

Operation with and without SSB for RedCap UEs
RAN1 has sent an LS to RAN4 [3] on operation with and without SSBs for RedCap UEs with the following text:RAN1#108-e agreement
Agreement:
Replace the working assumption from RAN1#107e “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” with the following agreement:
· For FR1,
· 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 CSI-RS (working assumption) and/or FG 6-1a by reporting optional capabilities [FG 6-1a] with supporting CSI-RS, or [FG 6-1a] without supporting CSI-RS.
· For FR2,
· 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 CSI-RS (working assumption) and/or FG 6-1a by reporting optional capabilities [FG 6-1a] with supporting CSI-RS, or [FG 6-1a] without supporting CSI-RS.
Note: The cases that CSI-RS in this agreement can support are left to RAN4.

Agreement:
· A RedCap UE supports existing applicable mandatory feature(s) that are based on SSB using NCD-SSB (including NCD-SSB based measurements) as mandatory feature(s) in an RRC-configured DL BWP that does not include CD-SSB.
· NCD-SSB is ‘QCL’-ed with CD-SSB when the NCD-SSB and CD-SSB share the same SSB index.
· Note: RAN1 assumes that NCD-SSB is configured by higher layer

Conclusion:
· [bookmark: _Hlk97049530]From RAN1 perspective, whether and under what conditions a RedCap UE requires to be configured with existing measurement gaps to support operation without SSB in an RRC-configured active BWP, and its related UE feature discussion (including measurement gaps) is up to RAN4.
· Send an LS to RAN4 to inform them about the conclusion.



According to the LS, a RedCap UE supporting mandatory FG 6-1 in RRC connected mode is required to have either CD-SSB or NCD-SSB in the active BWP. Such a UE can perform the serving cell measurements for various L1 procedures such as RLM/BFD/CBD/L1-RSRP etc. based on either CD-SSB or NCD-SSB. However, RAN1 mentions that a RedCap UE may, in addition, optionally support “Not need for NCD-SSB”, where all relevant operations can be performed based on optional FG 6-1a with/without supporting CSI-RS without the need for NCD-SSB. 
The LS also mentions that a RedCap UE supports the existing applicable mandatory feature(s) that are based on SSB using NCD-SSB (including NCD-SSB based measurements) as mandatory feature(s) in an RRC-configured DL BWP that does not include CD-SSB. This means that the UE must support SSB based mandatory operations, while CSI-RS based operations are optional.
Current RAN4 requirements for various L1 procedures such as RLM/BFD/CBD/L1-RSRP etc are defined for RS resource (e.g., SSB) that lie within the active BWP of the UE. A UE is not required to monitor any SSBs that lie outside the active BWP. Redcap UEs supporting the optional capability “Not need NCD-SSB” may not receive an SSB within the active BWP. Since support of CSI-RS based operations is optional, RAN4 must define methods to enable SSB based L1 procedures for RedCap UEs supporting “Not need NCD-SSB” that do not contain CD/NCD-SSB within the active BWP
Observation 3: RAN1 has agreed that a Redcap UE may optionally indicate “Not need NCD-SSB” capability for an RRC configured active DL BWP in RRC connected mode
Observation 4: Redcap UEs that indicate the optional “Not need NCD-SSB” capability still need to perform certain mandatory procedures that involve L1 measurements, such as RLM, BFD, CBD, L1-RSRP etc., on SSBs available outside the active BWP.
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Description automatically generated]
One simple way to enable this would be to use measurement gaps. Since CD-SSB/NCD-SSBs will be available in the initial BWP (Redcap specific or non-Redcap specific), a Redcap UE may retune to receive the SSBs during a configured measurement gap. Current MGs are defined only for L3 measurements and may not be suitable for L1 measurements as L1 measurements are typically done more frequently than L3 measurements and the gap duration may also be less for L1 measurement (SSB index is already known). We think that L1 measurement gaps may be defined as an optional feature, in addition to the mandatory L3 MGs, for Redcap UEs that indicate the optional “not need for NCD-SSB” capability. These L1 gaps can also be used for other purposes such as time/frequency tracking and to obtain reference cell timing for initial timing accuracy requirements.
Proposal 2: RAN4 to define L1 measurement gaps, in addition to the legacy MGs (L3), to perform RLM/BFD/CBD/L1-RSRP etc. based on SSB outside the RRC configured active BWP, as an optional capability for Redcap UEs supporting FG 6-1a, that indicate the optional ‘Not need NCD-SSB’ capability.
· RAN4 discusses UE's behavior in case of insufficient separation between L1 and L3 MGs.

Since these L1 gaps will co-exist with the legacy L3 gaps for intra-frequency, inter-frequency and inter-RAT measurements, and there is an associated preparation time (HW/HW/SW procedures) to perform the measurements with gaps, a sufficient separation in time with respect to L3 gaps must be ensured. In case of insufficient separation between L1 and L3 MGs, the UE, depending on the implementation, can choose to prioritize one MG over the other.
[image: Timeline

Description automatically generated with medium confidence]
Observation 5: A UE typically needs a preparation time (for HW/FW/SF procedures) before performing a gap-based measurement.
Proposal 3: The L1 and L3 measurement gaps must have sufficient separation in time to allow UE preparation time for gap-based measurements.
· In case of insufficient separation between L1 and L3 MGs, the UE, depending on the implementation, can choose to prioritize one MG over the other.

The best way to handle this scenario would be to place the MG with longer periodicity (e.g., L3 MG) exactly in between the MG with shorter periodicity (e.g., L1 MG). The worst-case scenario to derive the separation between L1 and l3 gaps in this manner would be when both L1 and L3 are scheduled with smallest MGRP combinations. For example, for FR1, L3 MGRP=40ms, L3 MGL = 6ms. Assuming SSB periodicity of 20ms, and L1 MGRP=20ms, L1 MGL = 6ms, we may derive the separation time as: 
min(L1 MGRP, L3 MGRP)/2 – max(L1 MGL, L3 MGL)
This gives a minimum separation of 4ms.
Proposal 4: RAN4 to define the minimum separation between L1 and L3 measurement gaps as:
min(L1 MGRP, L3 MGRP)/2 – max(L1 MGL, L3 MGL)
Conclusion
Observation 1: For cell re-selection in multi-beam operations, the network may configure a UE with the threshold - absThreshSS-BlocksConsolidation under the assumption of 2 Rx chains. 
Observation 2: Measurement accuracy relaxations of cell measurement quantities such as SS-RSRP, SS-RSRQ etc may lead to low-quality beams being used for cell reselection procedures for 1Rx UEs. 
Proposal 1a: RAN4 to consider defining a separate absThreshSS-BlocksConsolidation for 1Rx UEs.
Proposal 1b: 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.

Observation 3: RAN1 has agreed that a Redcap UE may optionally indicate “Not need NCD-SSB” capability for an RRC configured active DL BWP in RRC connected mode
Observation 4: Redcap UEs that indicate the optional “Not need NCD-SSB” capability still need to perform certain mandatory procedures that involve L1 measurements, such as RLM, BFD, CBD, L1-RSRP etc., on SSBs available outside the active BWP.
Proposal 2: RAN4 to define L1 measurement gaps, in addition to the legacy MGs (L3), to perform RLM/BFD/CBD/L1-RSRP etc. based on SSB outside the RRC configured active BWP, as an optional capability for Redcap UEs supporting FG 6-1a, that indicate the optional ‘Not need NCD-SSB’ capability.
· These L1 gaps can also be used for other purposes such as time/frequency tracking and to obtain reference cell timing for initial timing accuracy requirements.

Observation 5: A UE typically needs a preparation time (for HW/FW/SF procedures) before performing a gap-based measurement.
Proposal 3: The L1 and L3 measurement gaps must have sufficient separation in time to allow UE preparation time for gap-based measurements.
· RAN4 discusses UE's behavior in case of insufficient separation between L1 and L3 MGs.

Proposal 4: RAN4 to define the minimum separation between L1 and L3 measurement gaps as:
min(L1 MGRP, L3 MGRP)/2 – max(L1 MGL, L3 MGL)
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