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Introduction
In this contribution, we address some remaining issues on reduced UE bandwidth for NR RedCap UEs. 
Separate initial BWP
[bookmark: _Ref95761770]At RAN1 #106-e meeting, the following agreements were made with an FFP point. 
	· For a cell that allows a RedCap UE to access, network can configure a separate initial DL BWP for RedCap UEs in SIB.
· FFS: It is always configured if the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth.



At RAN1 #108-e meeting, the following three proposals were exhaustively discussed but no agreement was reached [1]. 
	High Priority Proposal 2-1b: For the case that the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth, down-select between the following options during RAN1#108-e:
· Option 1: A separate initial DL BWP is always configured for RedCap if the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth.
· Option 2a: If a separate initial DL BWP is not configured for RedCap, the RedCap UE continues to use at least the location, bandwidth, SCS, and cyclic prefix of the MIB-configured CORESET#0.
· For TDD, the total frequency span of MIB-configured CORESET#0 and the initial UL BWP does not exceed the RedCap UE maximum bandwidth.
· Option 2b: If a separate initial DL BWP is not configured for RedCap, the RedCap UE continues to use at least the location, bandwidth, SCS, and cyclic prefix of the MIB-configured CORESET#0.
· For TDD, the center frequencies of the MIB-configured CORESET#0 and the initial UL BWP are aligned.



At RAN2 #117e meeting, the following agreements were made.
	1.	For RedCap-specific BWP, both common and dedicated configurations are provided using full configuration, i.e., delta configuration is not supported.
2.	In case RedCap-specific initial DL BWP contains CD-SSB and CORESET#0, PDCCH-ConfigCommon is included in the configuration of RedCap-specific initial DL BWP. RedCap UEs don't need to read the PDCCH-ConfigCommon configuration from legacy initial BWP if RedCap-specific initial BWP is signalled



Though Option 1 mandates the network to always configure an initial DL BWP in SIB1 for the case under discussion, the specification impact with Option 1 is not as significant as that with the other two options. In the current specification, common search space sets such as pagingSearchSpace and ra-SearchSpace are configured under pdcch-ConfigCommon which can only be configured under BWP-DownlinkCommon. If Option 2a or 2b is agreed, it is not clear how these CCS sets are configured to UE. Proponents for Option 2a and 2b may propose that RedCap UEs can apply the pdcch-ConfigCommon in the initialDownlinkBWP for non-RedCap UEs.  
[bookmark: _Ref101788930]Observation 1: Common search space (CSS) sets such as Type1-PDCCH (ra-SearchSpace) and Type2-PDCCH (i.e. pagingSearchSpace) are configured by pdcch-ConfigCommon which is a child IE of BWP-DownlinkCommon.
 
[bookmark: _Ref101788963]Proposal 1: When the initial DL BWP for non-RedCap UEs is wider than RedCap UE’s maximum bandwidth, RedCap UEs don't need to read the PDCCH-ConfigCommon configuration from the initial DL BWP configured for non-RedCap UEs. 
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Similarly, when the initial DL BWP for non-RedCap UEs is wider than RedCap UE’s maximum bandwidth and the RedCap-specific initial DL BWP does not contain CD-SSB and CORESET#0, it is not clear how pagingSearchSpace set is configured to RedCap UEs. Therefore, to minimize specification impact, we propose the following: 
[bookmark: _Ref101788969]Proposal 2: For the case that the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth, a SIB1-configured RedCap-specific initial DL BWP (i.e. initialDownlinkBWP-RedCap-r17) is always provided to RedCap UEs. 
· In addition, pdcch-ConfigCommon and pagingSearchSpace are always configured in the SIB1-configured RedCap-specific initial DL BWP in this case. 
· Note: For TDD, the center frequencies of the separate initial DL BWP and the initial UL BWP are aligned per an earlier agreement.

SSB Presence in initial DL BWP in connected mode
At RAN1 #108-e meeting, the following proposal was discussed about whether UE can expect SSB in an initial DL BWP DLＢ Error! Reference source not found.. 
	[bookmark: _Hlk99627255]High Priority Proposal 3-1h: Down select between the following options during RAN1#108-e:
· Option 1:
· For FR1, for BWP#0 configuration option 1,
· A RedCap UE in connected mode does not expect to operate in a separate initial DL BWP that does not include CD-SSB and the entire CORESET#0.
· For FR2, for BWP#0 configuration option 1,
· A RedCap UE in connected mode does not expect to operate in a separate initial DL BWP that does not include CD-SSB.
· Option 2:
· For FR1, for BWP#0 configuration option 1,
· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· During a random access procedure in connected mode, RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.
· For FR2, for BWP#0 configuration option 1,
· For a separate initial DL BWP (if it does not include CD-SSB) from RAN1 perspective,
· During a random access procedure in connected mode, RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.
· For BWP#0 configuration option 1, upon successful completion of the random access procedure, a RedCap UE supporting FG 6-1 only (but not FG 6-1a) in connected mode is not required to operate on a separate initial DL BWP that does not contain SSB.
· Note: The network may choose to configure SSB or MIB-configured CORESET#0 or SIB1 to be within the respective DL BWP.



As we had commented during RAN1#108-e meeting, the performance loss it may suffer in initial access/idle/inactive mode is different from that in connected mode for a UE to support an initial DL BWP w/o SSB. 
Without SSB and TRS, the UE is not able to maintain DL time/frequency synchronization. The longer UE stays in a DL BWP w/o SSB and TRS, the less synchronized it is. When it is switched (if it can successfully receive DCI 1_0 for RRC reconfiguration) back to an active DL BWP that has SSB or TRS, it takes UE longer time to reach the same level of synchronization as it was which consequently implies throughput loss in connected mode. TRS is an alternative to SSB UE can use for synchronization. We can support the proposal if TRS transmission is guaranteed instead. However, this is an initial DL BWP by BWP#0 configuration option 1 and does not contain UE-specific configuration for TRS transmission.
[bookmark: _Ref101788938]Observation 2: TRS is not available to a connected UE in an initial DL BWP by BWP#0 configuration option 1. 
[bookmark: _Ref101788945]Observation 3: When UE is operating in an initial DL BWP by BWP#0 configuration option 1 and if the BWP does not contain SSB, UE cannot perform DL synchronization due to the lack of SSB and TRS. 
[bookmark: _Ref101788952]Observation 4: When operating in an initial DL BWP w/o SSB, UE in connected mode suffers more performance and throughput loss than in initial access/idle/inactive mode.
Therefore, we still have concerns with the uncertainty about how long UE has to stay in the separate initial DL BWP after it finishes RACH. As proponents for Option 2 clarified during RAN1#108-e, they cared more about UEs that could support FG 6-1a. Hence, as a compromise, we think the following proposal can serve as a way forward. 
[bookmark: _Ref101788981]Proposal 3: Option 1 in Proposal 3-1h is supported by UE that supports only FG 6-1 but not FG 6-1a while Option 2 can be supported by UE that supports FG 6-1a. 

Time offset between CD-SSB and NCD-SSB
At RAN1#108-e meeting, the following proposal was discussed. The first bullet was concluded by the agreements made at RAN2 #117-e meeting while the second bullet about configurable time offsets requires more discussion in this meeting. 
	FL10 High Priority Proposal 4-1-2:
· A RedCap UE is not required to perform measurements on more than one SSB at a time in a same BWP.
· A RedCap UE mandatorily supports configurable time offsets (including zero) between CD-SSB and NCD-SSB.



	Agreements: (RAN2 #117-e meeting)
1. [bookmark: _Hlk101695772]A RedCap UE may be configured with multiple NCD-SSBs provided that each BWP is configured with at most one SSB
2. The working assumption “The periodicity of NCD-SSB shall be not less than the periodicity of serving cell’s CD-SSB.” is confirmed.
3. Send a LS to RAN4/RAN1 saying that from RAN2 signaling standpoint CD-SSB and NCD-SSB(s) may be transmitted at different times by configuring an offset and asking if this is feasible/needed
4. In RRC connected mode NCD-SSB may be configured for a RedCap UE in dedicated DL BWP. [R2 #116bis-e]
5. For connected mode operation NCD-SSB has the same properties (e.g., ssb-PositionsInBurst, PCI, ssb-periodicity, ssb-PBCH-BlockPower) as the corresponding CD-SSB. FFS if an additional property needs to be specified.
6. For connected mode operation if NCD-SSB is configured in a dedicated DL BWP, RedCap UE assumes that “SSB” in QCL-Info IE and “ssb-Index” in RadioLinkMonitoringRS IE refer to the beam with the same index in the NCD-SSB configured in that BWP.
7. For connected mode operation if NCD-SSB is configured in a dedicated DL BWP whose paired UL BWP is configured with RACH-ConfigDedicated, RACH-ConfigCommon or BeamFailureRecovery Config, 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.



If a non-zero time offset is supported between NCD-SSB and CD-SSB, at least the following aspects should be considered. 
1. RACH occasion validation and SSB-RO association
· Should NCD-SSB be taken into consideration for valid RO determination in TDD?
2. PDSCH rate matching around SSB

Since RAN2 has agreed a BWP is configured with at most one SSB, as long as a set of RACH occasions is not associated with NCD-SSB and CD-SSB from the network perspective, it is feasible to take NCD-SSB into consideration when determining valid RACH occasions in TDD though this implies UE may have to maintain more than one mapping between SSBs and ROs. 
[bookmark: _Ref101788988][bookmark: _Ref101789165]Proposal 4: If a UL BWP configured with RACH occasions and it is paired with an RRC-configured DL BWP that is configured with NCD-SSB or includes CD-SSB, UE uses the configured NCD-SSB or CD-SSB for determining valid RACH occasions in TDD. Additionally, UE does not expect the RRC-configured DL BWP includes both CD-SSB and NCD-SSB. 

[bookmark: _Ref101788995]Proposal 5: If a UL BWP configured with RACH occasions and it is paired with an RRC-configured DL BWP that includes no SSB, UE uses CD-SSB for determining valid RACH occasions in TDD.
[bookmark: _Ref101789003]Proposal 6: If a UL BWP configured with RACH occasions and it is paired with a non-RRC-configured DL BWP, UE uses CD-SSB for determining valid RACH occasions in TDD.

Regarding PDSCH rate matching to SSB, since there is at most one SSB known/configured to the UE on a BWP, we think it is reasonable to rate match around NCD-SSB when receiving PDSCH. Though RAN2 has agreed at most one SSB is configured to UE for a BWP, it is not clear whether a DL BWP can include more than one SSB from the network perspective. For example, NCD-SSB may be configured to a UE on a dedicated DL BWP while there is another NCD-SSB or CD-SSB on the frequency range of the DL BWP that is unknown to the UE. In this case, UE should not be expected to detect the unknown SSB from the serving and rate match around it. Instead, the network should provide the UE rateMatchPattern to rate match around an unknown SSB. We hence have the following proposal. 
[bookmark: _Ref101789010][bookmark: _Ref101789086]Proposal 7: PDSCH can be rate matched to NCD-SSB configured to the BWP for the UE. Additionally, RedCap UE is not expected to rate match unknown SSB from the serving cell in the BWP without being given the corresponding rate match pattern. 
Conclusions
In this contribution, we have made the following observations and proposals. 
Observation 1: Common search space (CSS) sets such as Type1-PDCCH (ra-SearchSpace) and Type2-PDCCH (i.e. pagingSearchSpace) are configured by pdcch-ConfigCommon which is a child IE of BWP-DownlinkCommon.
Observation 2: TRS is not available to a connected UE in an initial DL BWP by BWP#0 configuration option 1.
Observation 3: When UE is operating in an initial DL BWP by BWP#0 configuration option 1 and if the BWP does not contain SSB, UE cannot perform DL synchronization due to the lack of SSB and TRS.
Observation 4: When operating in an initial DL BWP w/o SSB, UE in connected mode suffers more performance and throughput loss than in initial access/idle/inactive mode.

Proposal 1: When the initial DL BWP for non-RedCap UEs is wider than RedCap UE’s maximum bandwidth, RedCap UEs don't need to read the PDCCH-ConfigCommon configuration from the initial DL BWP configured for non-RedCap UEs.
Proposal 2: For the case that the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth, a SIB1-configured RedCap-specific initial DL BWP (i.e. initialDownlinkBWP-RedCap-r17) is always provided to RedCap UEs.
· In addition, pdcch-ConfigCommon and pagingSearchSpace are always configured in the SIB1-configured RedCap-specific initial DL BWP in this case. 
· Note: For TDD, the center frequencies of the separate initial DL BWP and the initial UL BWP are aligned per an earlier agreement.

Proposal 3: Option 1 in Proposal 3-1h is supported by UE that supports only FG 6-1 but not FG 6-1a while Option 2 can be supported by UE that supports FG 6-1a.
Proposal 4: If a UL BWP configured with RACH occasions and it is paired with an RRC-configured DL BWP that is configured with NCD-SSB or includes CD-SSB, UE uses the configured NCD-SSB or CD-SSB for determining valid RACH occasions in TDD. Additionally, UE does not expect the RRC-configured DL BWP includes both CD-SSB and NCD-SSB.
Proposal 5: If a UL BWP configured with RACH occasions and it is paired with an RRC-configured DL BWP that includes no SSB, UE uses CD-SSB for determining valid RACH occasions in TDD.
Proposal 6: If a UL BWP configured with RACH occasions and it is paired with a non-RRC-configured DL BWP, UE uses CD-SSB for determining valid RACH occasions in TDD.
Proposal 7: PDSCH can be rate matched to NCD-SSB configured to the BWP for the UE. Additionally, RedCap UE is not expected to rate match unknown SSB from the serving cell in the BWP without being given the corresponding rate match pattern.
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