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Introduction 
In RAN1#107-e, RAN1 made several agreements on RedCap-specific BWPs [1]. More specifically, 
· In RRC Connected, network may configure RedCap UEs with dedicated DL BWPs that do not contain CD-SSB. In that case, RedCap UE may use NCD-SSB, if configured, for procedures such as TCI state, BFD, RO selection, etc. 
· In RRC Idle/Inactive, network may configure RedCap-specific initial DL/UL BWP for RACH only, which does not contain CD-SSB or CORESET#0. 
In this paper, we discuss a few issues in supporting RedCap-specific BWPs.  
	Agreement:
· For FR1,
· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· If it is configured for random access while not for paging in idle/inactive mode, RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.
· Note: RAN1 assumes REDCAP UE performing Random access in the separate DL BWP does not need to monitor paging in a BWP containing CORESET#0
· 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 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.
· Note: if a separate initial/RRC configured DL BWP is configured to contain the entire CORESET#0, CD-SSB is expected by RedCap UE.
· Note: The network may choose to configure SSB or MIB-configured CORESET#0 or SIB1 to be within the respective DL BWP.
· Note: If a separate SIB-configured initial DL BWP for RedCap UEs contains the entire CORESET#0, the RedCap UE shall use the bandwidth and location of the CORESET#0 in DL during initial access.
· Note: NCD-SSB periodicity is not required to be configured the same as that of CD-SSB
· Note: Periodicity of NCD-SSB shall be not less than periodicity of CD-SSB


Discussion
For dedicated BWPs in RRC Connected
Currently in RRC Connected, RRC signalling does not support configuration of NCD-SSB for RLM, BFD, RO selection, mobility, QCT source for TCI-states or for any other procedures where SSB is used as DL reference signal. However, we do not think it is difficult to enable that. Since NCS-SSB is configured for a specific dedicated DL BWP, we think a natural choice to add its configuration is under the BWP-DownlinkDedicated IE. 
Proposal 1. 	Network can configure NCD-SSB for RedCap UE to use in a dedicated DL BWP in a new field under the BWP-DownlinkDedicated IE associated with that BWP.
The presence of this new field implies that UE shall use the configured NCD-SSB instead of CD-SSB, which may or may not be located inside the corresponding dedicated DL BWP, in procedures where SSB is used as DL reference signal. In the following we discuss whether/what changes in the current RRC signaling are needed to enable that. 
SSB can be used as one type of QCL source for TCI states. In their reply LS to RAN1, RAN4 have confirmed that it is feasible to use NCD-SSB as QCL source if the NCD-SSB is fully QCL’ed with the CD-SSB of UE’s serving cell. In legacy, QCL source type is configured under the QCL-Info IE, i.e. “SSB” is present in the referenceSignal field in QCL-Info IE. Therefore, if NCD-SSB is configured in a dedicated DL BWP (i.e. it is present in the BWP-DownlinkDedicated IE), then the “SSB-Index” in the QCL-Info IE indicates the beam with the same index in the configured NCD-SSB is the QCL source for the corresponding TCI states.
SSB can be used as one type of DL reference signals for RLM and BFD. Therefore, if NCD-SSB is configured in a dedicated DL BWP, then the “SSB-Index” in the RadioLinkMonitoringRS IE indicates that the beam with the same index in the configured NCD-SSB is the DL reference signal for RLM/BFD procedure.
Proposal 2. 	If NCD-SSB is configured in a dedicated DL BWP, RedCap UE should assume that the “SSB” in QCL-Info IE and “ssb-Index” in RadioLinkMonitoringRS IE refers to the beam with the same index in the NCD-SSB configured in that BWP.
For RO selection, the current spec states that SSB used in SSB-based RACH can only be the one associated with initial DL BWP, as highlighted in the field description for rach-ConfigCommon in BWP-UplinkCommon IE: 
	rach-ConfigCommon
Configuration of cell specific random access parameters which the UE uses for contention based and contention free random access as well as for contention based beam failure recovery in this BWP. The NW configures SSB-based RA (and hence RACH-ConfigCommon) only for UL BWPs if the linked DL BWPs (same bwp-Idas UL-BWP) are the initial DL BWPs or DL BWPs containing the SSB associated to the initial DL BWP. The network configures rach-ConfigCommon, whenever it configures contention free random access (for reconfiguration with sync or for beam failure recovery). 


With the latest agreement that NCD-SSB, if configured in a dedicated DL BWP, can be used for RO selection, the above restriction hence no longer applies to RedCap UEs.
In addition, network can configure SSB as resources for CFRA or candidate beams for CFRA-based BFR. In those cases, if NCD-SSB is configured in the DL BWP whose paired UL BWP has CFRA configuration, then the SSB field in those RACH configurations shall refer to the configured NCD-SSB.
Proposal 3.	If NCD-SSB is configured in a dedicated DL BWP whose paired UL BWP is configured with RACH-ConfigDedicated, RACH-ConfigCommon or BeamFailureRecoveryConfig, then the SSB in that RACH configuration (e.g. in CFRA-SSB-Resource IE or in PRACH-ResourceDedicatedBFR IE) refers to the NCD-SSB configured in that DL BWP.
In their LS RAN1 have indicated that a RedCap UE may indicate “Not need NCD-SSB” as an optional UE capability and reply on CSI-RS for their relevant operations (e.g. RLM/BFD). We think it is usual to allow a RedCap UE which does not support CSI-RS to report “Not need NCD-SSB” too. For UE’s perspective, if UE does not support CSI-RS and network is not willing to configure NCD-SSB, then potential configuration for its dedicated BWPs are limited to those that contain CD-SSB (those associated with the initial DL BWP). That may not be desirable for either UE or network as those UEs’ dedicated BWPs have to be located in the same frequency locations containing initial DL BWP. 
Proposal 4. 	RedCap UEs which do not support CSI-RS can also report “Not need NCD-SSB” as optional UE capability. 
If a RedCap UE does not support CSI-RS and is not configured with NCD-SSB by network, then the only option it has for performing procedures such as RLMBFD is to use CD-SSB outside its active BWP, via RF retuning. However, the existing RAN2/RAN4 specs do not allow RLM/BFD/BM based on SSB outside an active BWP. For example, it is specified in TS38.133 that 
	The UE shall monitor the downlink radio link quality based on the reference signal configured as RLM-RS resource(s) in order to detect the downlink radio link quality of the PCell and PSCell as specified in TS 38.213 [3]. The configured RLM-RS resources can be all SSBs, or all CSI-RSs, or a mix of SSBs and CSI-RSs. UE is not required to perform RLM outside the active DL BWP. 


In addition, it is also specified in TS38.300 that 
	SSB-based RLM is based on the SSB associated to the initial DL BWP and can only be configured for the initial DL BWP and for DL BWPs containing the SSB associated to the initial DL BWP. For other DL BWPs, RLM can only be performed based on CSI-RS. 


Therefore, the above RAN2/4 requirements need to be updated to better support RedCap UEs.   
Proposal 5. 	If a RedCap UE does not support CSI-RS but reports “Not Need NCD-SSB” as optional UE capability, network can configure measurement gaps for the UE to measure CD-SSB located outside its active BWP for RLM/BFD procedure.
For Initial BWPs in RRC Idle/Inactive
In cells whose initial UL BWP for non-RedCap UEs has bandwidth <=20 MHz, if network configures a RedCap-specific UL initial BWP for RACH, then at least in theory it is possible for a RedCap UE to use either one to perform random access. However, we think in this case RedCap UEs shall use only RedCap-specific initial UL BWP. Otherwise, it depletes the purpose of configuring a RedCap-specific initial BWP for RACH.  
Proposal 6.  	RAN2 confirm that if a RedCap-specific initial UL BWP for RACH is configured, RedCap UEs shall use only that UL BWP to perform RACH.
In the legacy SSB-based RACH procedure, UE performs RSRP measurements on SSBs before selecting RO. In case there is a retransmission of Msg1/MsgA, UE may reselect its RO for the retransmission. For example, UE may choose to take new measurements on SSB during RAR window or contention resolution, if there is one SSB occasion available. If UE needs to perform retransmission, it then can use the latest RSRP measurement to decide whether to use a new RO for the retransmission or not. But in either case, the current spec requires UE to perform Msg1/MsgA retransmission almost immediately after RAR window or contention resolution timer (For example, see clause 8.2 in TS38.213). 
With the latest RAN1 agreement, if RedCap-specific initial UL BWP is configured for RACH only, that initial UL BWP does not include any type of SSB. RedCap UE hence needs to perform RSRP measurements on the CD-SSB in the non-RedCap initial UL BWP, then switch to the RedCap-specific initial UL BWP to perform Msg1/A transmission. When monitoring Msg2 during RAR window or Msg4 during contention resolution, UE is not able to measure SSB as in legacy, because there is no SSB in the RedCap-specific initial DL BWP. If UE needs to perform retransmission and thinks it may be necessary to perform a new RSRP measurements on SSB (e.g. UE does receive RAR but it is too weak to decode, or UE has high mobility), UE has to switch to the non-RedCap initial UL BWP and then switch back to the RedCap-specific UL BWP after the measurement. Clearly, with this BWP switching and SSB measurement, UE would not be able to meet the timing requirement in the current specs. In other words, RedCap UEs would have to use the same SSB it selects for the initial transmission throughout a RACH procedure. This restriction has negative impact on RedCap UE’s RACH performance, which is already more challenging than non-RedCap UEs due to its reduced capabilities.
Observation.	If RedCap UEs are configured with a separate initial UL BWP for RACH, the current specs require RedCap UEs to keep using the same SSB it selects for the initial transmission of Msg1/A throughout a RACH procedure. 
We therefore think it is necessary to have a relaxed timeline for RedCap UE’s retransmission of Msg1/A, as argued above. This relaxation in timeline can be simply left to UE implementation.  
Proposal 7.  	If RedCap UEs are configured with a separate initial UL BWP for RACH, it is up to UE implementation whether to perform new RSRP measurement on CD-SSB in the non-RedCap initial DL BWP before a Msg1/A retransmission.
In the field description of rach-ConfigCommon (see the table above for the full description), it is specified that 
	The NW configures SSB-based RA (and hence RACH-ConfigCommon) only for UL BWPs if the linked DL BWPs (same bwp-Id as UL-BWP) are the initial DL BWPs or DL BWPs containing the SSB associated to the initial DL BWP.


This requirement now contradicts the RAN1 agreement that network can configure a RedCap-specific initial DL BWP for only RACH which does not contain any SSB. Therefore, it should be updated to reflect the RAN1 agreement accordingly.
Proposal 8. 	Update the field description of rach-ConfigCommon that network may configure SSB-based RA in a RedCap-specific UL BWP whose linked DL BWP may not contain any SSB. In that case, UE uses the CD-SSB transmitted by the serving cell for RO selection.
When UE performs two-step RACH, it is possible that it may fallback to 4-step RACH if its MsgA transmission is not successfully. Therefore, it is desirable for UE to stay in the same BWP to finish this fallback procedure.  
Proposal 9. 	RedCap-specific two-step RACH (if configured) and four-step RACH are always configured in the same BWP.
Conclusion
Based on the above analysis, we’d recommend RAN2 to discuss and adopt the following proposals:
For dedicated BWPs in RRC Connected
Proposal 1. 	Network can configure NCD-SSB for RedCap UE to use in a dedicated DL BWP in a new field under the BWP-DownlinkDedicated IE associated with that BWP.
Proposal 2. 	If NCD-SSB is configured in a dedicated DL BWP, RedCap UE should assume that the “SSB” in QCL-Info IE and “ssb-Index” in RadioLinkMonitoringRS IE refers to the beam with the same index in the NCD-SSB configured in that BWP.
Proposal 3.	If NCD-SSB is configured in a dedicated DL BWP whose paired UL BWP is configured with RACH-ConfigDedicated, RACH-ConfigCommon or BeamFailureRecoveryConfig, then the SSB in that RACH configuration (e.g. in CFRA-SSB-Resource IE or in PRACH-ResourceDedicatedBFR IE) refers to the NCD-SSB configured in that DL BWP.
Proposal 4. 	RedCap UEs which do not support CSI-RS can also report “Not need NCD-SSB” as optional UE capability. 
Proposal 5. 	If a RedCap UE does not support CSI-RS but reports “Not Need NCD-SSB” as optional UE capability, network can configure measurement gaps for the UE to measure CD-SSB located outside its active BWP for RLM/BFD procedure.
For initial BWPs in RRC Idle/Inactive
Proposal 6.  	RAN2 confirm that if a RedCap-specific initial UL BWP is configured for RACH, RedCap UEs shall use only the RedCap-specific initial UL BWP to perform RACH.
Observation.	If RedCap UEs are configured with a separate initial UL BWP for RACH, the current specs require RedCap UEs to use the same SSB it selects for the initial transmission of Msg1/A throughout a RACH procedure. 
Proposal 7.  	If RedCap UEs are configured with a separate initial UL BWP for RACH, it is up to UE implementation whether to perform new RSRP measurement on CD-SSB in the non-RedCap initial DL BWP before a Msg1/A retransmission.
Proposal 8. 	Update the field description of rach-ConfigCommon that network may configure SSB-based RA in a RedCap-specific UL BWP whose linked DL BWP may not contain any SSB. In that case, UE uses the CD-SSB transmitted by the serving cell for RO selection.
Proposal 9. 	RedCap-specific two-step RACH (if configured) and four-step RACH are always configured in the same BWP.
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