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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the RAN1 LS [1], following agreements were informed.
	Agreement:
· The following working assumptions from RAN1#107-e are NOT confirmed for idle/inactive mode and furthermore they are replaced by the agreements further down for connected mode.
· For FR1,
· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· Working assumption: If it is configured for paging, RedCap UE expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB from RAN1 perspective
· For FR2,
· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· Working assumption: If it is configured for paging, RedCap UE expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB from RAN1 perspective
· For BWP#0 configuration option 1, 
· For FR1,
· For a separate initial DL BWP, for a RedCap UE in connected mode, paging can only be configured if it contains CD-SSB and the entire CORESET#0.
· For FR2,
· For a separate initial DL BWP, for a RedCap UE in connected mode, paging can only be configured if it contains CD-SSB.
· Note: For BWP#0 configuration option 2,
· For FR1,
· For a separate initial DL BWP in connected mode (if it does not include CD-SSB and the entire CORESET#0), if it is configured for paging,
· 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 supporting FG 6-1a does not expect it to contain SSB/CORESET#0/SIB
· For FR2,
· For a separate initial DL BWP in connected mode (if it does not include CD-SSB and the entire CORESET#0), if it is configured for paging,
· 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 supporting FG 6-1a does not expect it to contain SSB/CORESET#0/SIB

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.



In this contribution, we provide our views on BWP operation without SSB in active BWP for RedCap UE.
2. Discussion
The mandatory feature for RedCap UE is BWP operation based on SSB using NCD-SSB (including NCD-SSB based measurements) in an RRC-configured DL BWP if it does not include CD-SSB. It is similar to mandatory feature FG 6-1 for BWP operation for legacy normal UE.
For an active DL BWP without SSB, it needs further discussion in RAN4.
	· 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.


In the last RAN4 meeting, RRM core requirements for RedCap UE were finalized. Intra-frequency measurement with gaps and without gaps are both supported for RedCap UE. However, all the L1 measurements, including RLM/BFD/CBD/L1-RSRP measurements, are performed with reference signals within active BWP. It is the same status as for legacy UE supporting FG 6-1a (bwp-WithoutRestriction). 
Considering it is under discussion how normal UE supporting FG 6-1a could work mainly from L1 measurements perspective, it would be better to leverage the outcome of normal UE discussion.
In [2] we provided our views on feasibility and spec impacts of UE supporting BWP operation without SSB. Three potential solutions and potential spec impact were provided. 
· Alt 1. UE works in a larger bandwidth than active BWP so that SSB can be included in the UE working channel bandwidth, which could be either the configured UE carrier channel bandwidth or a larger channel bandwidth that includes bandwidth of both active BWP and SSB.
· Minimum spec changes, which would be applicability of requirements mainly, are expected.
· Alt 2. UE is provided measurement gaps, including NCSG gap pattern, to perform BM/RLM/BFD when the active BWP does not contain SSB.
· Further study and evaluation are needed. Big impacts to spec, including requirements and signaling, are expected.
· Alt 3. UE uses redundant RF chain to perform BM/RLM/BFD when the active BWP does not contain SSB.
· Measurement requirements need to be studied and specified in RAN4.
For the three alternative implementations, Alt 1 may not be always feasible for RedCap UE due to limited bandwidth. It seems Alt 2 is suitable for RedCap UE. However, using measurement gaps for L1 measurements is kind of complicated. Besides, it has big impacts to spec. RAN4 needs further study and evaluation to finalize the requirements. The study and specification work should be done in a dedicated WI or in an existing WI by extending the scope. Alt 3 would also be feasible for RedCap UE. However, considering low cost of RedCap UE, Alt 3 may also need further discussion. 
Proposal 1: For RedCap UE, there are three potential alternatives as follows for the UE to support operation without SSB in an RRC-configured active BWP.
· Alt 1. UE works in a larger bandwidth than active BWP, which should be no larger than channel bandwidth of the RedCap UE, so that SSB can be included in the UE working channel bandwidth, which could be either the configured UE carrier channel bandwidth or a larger channel bandwidth that includes bandwidth of both active BWP and SSB.
· Minimum spec changes, which would be applicability of requirements mainly, are expected.
· Alt 2. UE is provided measurement gaps, including NCSG gap pattern, to perform BM/RLM/BFD when the active BWP does not contain SSB.
· Further study and evaluation are needed. Big impacts to spec, including requirements and signaling, are expected.
· Alt 3. UE uses redundant RF chain to perform BM/RLM/BFD when the active BWP does not contain SSB.
· Measurement requirements need to be studied and specified in RAN4.
· Cost should also be considered for RedCap UE.

Observation 1: For RedCap UE, Alt 1 may not be the typical implementations.
Observation 2: For RedCap UE, Alt 2 seems workable in all of the cases.
Observation 3: For RedCap UE, Alt 3 may bring extra cost.

3. Summary
[bookmark: _Hlk23953093]In this contribution, we further provided our views on BWP operation without SSB in active BWP for RedCap UE. Based on analysis following observations a are present.
Proposal 1: For RedCap UE, there are three potential alternatives as follows for the UE to support operation without SSB in an RRC-configured active BWP.
· Alt 1. UE works in a larger bandwidth than active BWP, which should be no larger than channel bandwidth of the RedCap UE, so that SSB can be included in the UE working channel bandwidth, which could be either the configured UE carrier channel bandwidth or a larger channel bandwidth that includes bandwidth of both active BWP and SSB.
· Minimum spec changes, which would be applicability of requirements mainly, are expected.
· Alt 2. UE is provided measurement gaps, including NCSG gap pattern, to perform BM/RLM/BFD when the active BWP does not contain SSB.
· Further study and evaluation are needed. Big impacts to spec, including requirements and signaling, are expected.
· Alt 3. UE uses redundant RF chain to perform BM/RLM/BFD when the active BWP does not contain SSB.
· Measurement requirements need to be studied and specified in RAN4.
· Cost should also be considered for RedCap UE.
Observation 1: For RedCap UE, Alt 1 may not be the typical implementations.
Observation 2: For RedCap UE, Alt 2 seems workable in all of the cases.
Observation 3: For RedCap UE, Alt 3 may bring extra cost.

A draft Reply LS is provided in Annex.
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1. Overall Description:
RAN4 thanks RAN1 for the LS on operation with and without SSB for RedCap UE. 
RAN4 has discussed operation without SSB within active BWP and reached following conclusion. 
For RedCap UE, there are two potential alternatives as follows for the UE to support operation without SSB in an RRC-configured active BWP.
· Alt 1. UE is working in a larger bandwidth than active BWP so that SSB can be included in the UE working channel bandwidth, which could be either the configured UE carrier channel bandwidth or a larger channel bandwidth that includes bandwidth of both active BWP and SSB.
· Alt 2. UE is provided measurement gaps to perform L1 measurements, including L1-RSRP/RLM/BFD/CBD, when the active BWP does not contain SSB.

· Alt 1. UE works in a larger bandwidth than active BWP, which should be no larger than channel bandwidth of the RedCap UE, so that SSB can be included in the UE working channel bandwidth, which could be either the configured UE carrier channel bandwidth or a larger channel bandwidth that includes bandwidth of both active BWP and SSB.
· Minimum spec changes, which would be applicability of requirements mainly, are expected.
· Alt 2. UE is provided measurement gaps, including NCSG gap pattern, to perform BM/RLM/BFD when the active BWP does not contain SSB.
· Further study and evaluation are needed. Big impacts to spec, including requirements and signaling, are expected.
· Alt 3. UE uses redundant RF chain to perform BM/RLM/BFD when the active BWP does not contain SSB.

Alt 1 has minimum spec impact. However, for RedCap UE, Alt 1 may not be the typical implementations due to limited channel bandwidth supported by the UE.
Alt 2 is feasible for RedCap UE. However, RAN4 needs further study and evaluations to finalize solutions and corresponding requirements. Signalling may also be needed.
Alt 3 is feasible for RedCap UE. However, cost would be increased.


2. Actions:
To: RAN WG1
ACTION: 	RAN4 kindly asks RAN1 to take the above RAN4 agreements into account in the future work.

3. Reference:
[1] R1-2202886, LS on operation with and without SSB for RedCap UE
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