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Introduction
In this contribution, we address some remaining issues on reduced UE bandwidth. 
SSB transmission and CSI-RS measurement 
At RAN1 #107-e meeting, the following agreement was made [1]. 
	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
· [bookmark: _Hlk95464932]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 (except for standalone use for RRM measurement) based on for 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



At RAN #94-e meeting, the first working assumption about configuring a separate initial DL BWP for paging was revoked. 
	· Scheme 1 (i.e. UE in IDLE and INACTIVE monitors paging in an initial BWP associated with CD-SSB) is adopted for further work in Rel-17. Scheme 2 (i.e. UE in IDLE and INACTIVE monitors paging in an initial BWP associated with NCD-SSB) is not considered further in Rel-17
· RAN2 should work on the assumption that the cell reselection measurements and cell ranking are performed based on measurements on the CD-SSB. This applies for intra- and inter-frequency measurements, and for IDLE and INACTIVE states.



At the following RAN2 #116bis-e meeting, the following was provided in RAN2’s reply LS to RAN1 [2]. 
	· RAN2 agreed that “A RedCap UE in idle/inactive mode monitors paging only in an initial BWP (default or RedCap specific) associated with CD-SSB and performs cell (re-)selection and measurements on the CD-SSB.” Therefore, using an NCD-SSB for such purposes is not considered further.



Hence, two remaining issues are addressed in this section.  
· Issue 1: What specific relevant operation based on CSI-RS as optional capabilities can UE report to indicate its capabilities for no need for SSB on an active DL BWP? And which UE feature groups are applicable to RedCap UEs? Do we need new UE feature groups for RedCap UE to report the related capabilities? 
· Issue 2: Should the UE be able to expect SSB transmission in a non-RRC-configured active DL BWP when it is used in connected mode?

Regarding Issue 1, the following is provided by RAN4 about NCD-SSB and CSI-RS measurements [3].
	RAN4 reached conclusion that it is feasible as described below.
For an RRC-configured active DL BWP in connected mode (if it does not include CD-SSB and the entire CORESET#0): 
· A RedCap UE that supports FG 6-1a but NOT support CSI-RS based L3 measurement operates in the BWP
· the UE can support RLM, BFD, CBD and L1 RSRP measurement based on CSI-RS if UE reports the corresponding capabilities.
· the UE can support SSB based L3 measurement, but cannot support CSI-RS based L3 measurement.
· A RedCap UE that supports FG 6-1a and CSI-RS based L3 measurement operates in the BWP
· the UE can support RLM, BFD, CBD and L1 RSRP measurement based on CSI-RS if UE reports the corresponding capabilities.
· the UE can support both SSB based L3 measurement and CSI-RS based L3 measurement with associated SSB.
· RAN4 will not define CSI-RS L3 based measurement requirements for Redcap 1RX UE in Rel-17.
For serving cell timing related requirements, RAN4 will not define requirements based on CSI-RS in Rel-17.



Taking RAN4’s response into account, we hence propose CSI-RS based RRM without associated SSB (i.e. FG 1-5) should not be applicable to RedCap UE. 
Regarding CSI-RS based RRM measurement with associated SSB, we think the existing FG 1-4 from Rel-15 cannot be applicable to RedCap UE. For Rel-15 UE, RF retuning is not required for supporting FG 1-4. However, for RedCap UE whose maximum bandwidth is reduced compared with R15 UE, RF retuning is required for supporting CSI-RS measurements with associated SSB when the bandwidth span of the CSI-RS resource and its associated SSB is larger than the RedCap UE’s maximum bandwidth. Therefore, we propose the existing FG 1-4 is not applicable to RedCap. Instead, we propose to add new UE feature groups for RedCap UE to indicate its capability on the support for CSI-RS based RRM measurement with associated SSB. See our companion contribution [4] for detail. 
[bookmark: _Ref95761590]Proposal 1: Confirm the following working assumption with changes in red for both FR1 and 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 for CSI-RS (working assumption) except for CSI-RS based RRM measurement without associated SSB and/or FG 6-1a by reporting optional capabilities.
· FG 1-5 (“CSI-RS based RRM measurement without associated SS-block”) is not applicable to RedCap UE.
· FG 1-4 (“CSI-RS based RRM measurement with associated SS-block”) is not applicable to RedCap UE and add a new UE feature group(s) for RedCap UE to report its support for CSI-RS based RRM measurement with associated SSB. 
· The new UE feature group(s) is to be discussed in AI 8.16.6.
· FG 6-1a is a prerequisite for the new UE feature group(s). 

For Issue 2, in our opinion, the same handling should be used in connected mode for all DL BWPs. Therefore, a UE, at least for that does not support FG6-1a, should be able to expect SSB transmission in an active DL BWP in connected mode. 
[bookmark: _Ref95473101][bookmark: _Ref95761610][bookmark: _Ref95761753]Proposal 2: In both FR1 and FR2, for a non-RRC-configured active DL BWP in connected mode (if it does not include CD-SSB and the entire CORESET#0), 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.
[bookmark: _Ref95761709]Proposal 3: Adopt Text Proposal 1 to TS38.213. 
Text Proposal 1
The following text proposal is provided to capture our Proposal 2 in this section and the agreement made at RAN #94-e. In addition, “in idle/inactive mode” from the previous agreement is not captured in the current specification. Hence, we propose to fix it in the provided Text Proposal 1. 
· 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.
============== Start of Text Proposal 1 for Clause 17.1 of TS 38.213 ==============
*** Unchanged text omitted ***
For an initial DL BWP provided by initialDownlinkBWP in DownlinkConfigCommonRedCapSIB, if a UE in idle/inactive mode monitors PDCCH according to a Type1-PDCCH CSS set and does not monitor PDCCH according to Type2-PDCCH CSS set, the UE assumes that the initial DL BWP does not include SS/PBCH blocks or the CORESET with index 0. If the UE monitors PDCCH according to Type2-PDCCH CSS set, the UE assumes that the initial DL BWP 
-	includes a SS/PBCH block and the CORESET with index 0 if where the UE used the SS/PBCH block to obtain SIB1
-	includes a SS/PBCH block and does not include the CORESET with index 0 if the initial DL BWP does not include the SS/PBCH block the UE used to obtain SIB1
For an active DL BWP in connected mode provided by BWP-DownlinkDedicated, a UE assumes that the active DL BWP includes a SS/PBCH block, unless the UE indicates a capability to operate in the DL BWP without receiving an SS/PBCH block, and does not include the CORESET with index 0.
*** Unchanged text omitted ***
============== End of Text Proposal 1 for Clause 17.1 of TS 38.213 ==============   

Separate initial BWP
In the current specification, it is not clearly defined how a RedCap UE should determine its initial UL and DL BWPs. More specifically, it does not clearly specify which IE, initialUplinkBWP in UplinkConfigCommonRedCapSIB or initialUplinkBWP in UplinkConfigCommonSIB, that UE should apply to determine its initial UL BWP when they are both provided and both smaller than or equal to a RedCap UE’s maximum bandwidth. In our opinion, initialUplinkBWP in UplinkConfigCommonRedCapSIB should be prioritized when it is provided. Similarly for initial DL BWP, a RedCap UE should apply initialDownlinkBWP in DownlinkConfigCommonRedCapSIB when provided. Otherwise, it uses the MIB-defined initial DL BWP. We hence provide the following for clarification. 
[bookmark: _Ref95761770]Proposal 4: If a RedCap UE is provided a separate initial DL BWP from DownlinkConfigCommonRedCapSIB, it uses it as its initial DL BWP. Otherwise, it uses the MIB-defined DL BWP as its initial DL BWP. 
[bookmark: _Ref95761777]Proposal 5: Adopt Text Proposal 2 to TS 38.213. 

When a separate initial DL BWP is configured for random access which does not include the entire CORESET#0, what is the behavior of an idle/inactive UE in terms of BWP switching for monitoring paging and performing random access when paged? 
[bookmark: _Hlk95758582]To our understanding, a legacy (i.e. non-RedCap) UE in idle/inactive mode stays in the initial DL BWP for monitoring paging and performing RACH when paged. The initial DL BWP is determined by initialDownlinkBWP in SIB if provided. If initialDownlinkBWP is not provided, the initial DL BWP is determined according CORESEST#0 as described in Clause 12 of TS38.213. 
If we follow legacy UE behavior, a RedCap UE should also switch from its active DL BWP to the SIB-configured initial DL BWP when it switches from connected mode to idle/inactive mode when a SIB-configured initial DL BWP is provided to RedCap. However, for RedCap UE, based on the above agreement, it is possible the SIB-configured initial DL BWP is only configured for random access and does not include the entire CORESET#0 and SSB. Hence this separate initial DL BWP cannot be used for paging and system information reception. We hence propose the following to clarify UE behavior under this configuration. 
[bookmark: _Ref95761786]Proposal 6: For both FR1 and FR2, if a cell configures a SIB-configured initial DL BWP for RedCap UE that does not include the entire CORESET#0, a RedCap UE in idle/inactive mode applies the MIB-defined CORESET#0 DL BWP for monitoring Type0, Type0A, and Type2-PDCCH CSS set and applies the SIB-configured DL BWP for monitoring Type1 PDCCH CSS set.
Text Proposal 2
============== Start of Text Proposal 2 for Clause 17.1 of TS 38.213 ==============
*** Unchanged text omitted ***
[bookmark: _Hlk95543569][bookmark: _Hlk95542596][bookmark: _Hlk86909075]A UE expects the initial DL BWP and the active DL BWP after the UE (re)establishes dedicated RRC connection to be smaller than or equal to the maximum DL bandwidth that the UE supports. A UE can be provided a DL BWP by initialDownlinkBWP in DownlinkConfigCommonRedCapSIB, and an UL BWP by initialUplinkBWP in UplinkConfigCommonRedCapSIB. If initialUplinkBWP in UplinkConfigCommonSIB indicates an UL BWP that is larger than a maximum UL BWP that a UE supports, the UE expects to be provided an UL BWP by initialUplinkBWP in UplinkConfigCommonRedCapSIB. If a UE is provided initialUplinkBWP in UplinkConfigCommonRedCapSIB, the UE uses corresponding parameters to determine the initial UL BWP. If a UE is not provided initialUplinkBWP in UplinkConfigCommonRedCapSIB, the UE uses the corresponding parameters in initialUplinkBWP in UplinkConfigCommonSIB to determine the initial UL BWP. If a UE is provided initialDownlinkBWP in DownlinkConfigCommonRedCapSIB, the UE uses corresponding parameters to determine the initial DL BWP; otherwise, the UE determines its initial DL BWP using the CORESET for Type0-PDCCH CSS set as described in Clause 12. 
*** Unchanged text omitted ***
============== End of Text Proposal 2 for Clause 17.1 of TS 38.213 ==============  
BWP center frequency
At RAN1 #106bis-e meeting, the following agreement was made [5]. 
	Agreement
For FR1,
· For TDD, center frequencies are assumed to be the same for the initial DL (FFS: if it does not include CD-SSB and the entire CORESET#0) and UL BWPs used during random access for RedCap UEs.
· FFS: For Option 1 and Option 2, whether the case that the center frequencies are different is also supported, and whether RedCap UE can expect CD-SSB and CORESET#0 in this case
· For TDD, center frequencies are assumed to be the same for non-initial DL and UL BWPs with the same BWP id for a RedCap UE.



Based on the above agreement, we know that the center frequencies are aligned for the initial DL BWP and the initial UL BWP at least for the case where the initial DL BWP includes the entire CORESET#0 and CD-SSB. The remaining issue is that whether or not they can be different for the case when the initial DL BWP does not include CD-SSB or the entire CORESET#0. In this case, the benefit is not clear while a RedCap UE needs to retune back and forth in between UL and DL BWPs for uplink transmissions and downlink receptions if the center frequencies are different. Meanwhile, we need to redefine at least RACH timeline to take retuning time into consideration. With the above, we don’t support different center frequencies for an initial DL BWP and an initial UL BWP. 
[bookmark: _Ref95761795]Proposal 7: For TDD, center frequencies are the same for the initial DL and UL BWPs for RedCap UEs, regardless of whether the initial DL BWP contains CD-SSB and the entire CORESET#0.

Regarding the center frequency alignment between CORESET#0 and initial UL BWP, we can agree on having different center frequencies between CORESET#0 and initial UL BWP for RedCap if the total BW is not larger than the RedCap maximum UE BW. This illustrated in the figure below.
[image: ]
However, we don’t agree on having different center frequencies between CORESET#0 and the initial UL BWP if the total BW is larger than the RedCap maximum UE bandwidth. This will require RF re-tuning between CORESET#0 and the initial UL BWP.
[bookmark: _Ref95761802]Proposal 8: For TDD, the center frequencies between CORESET#0 and the initial UL BWP for RedCap can be different as long as the total bandwidth of the two is not larger than the RedCap maximum UE bandwidth. Otherwise, they are the same. 

Conclusions
In this contribution, we have the following proposals.
Proposal 1: Confirm the following working assumption with changes in red for both FR1 and 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 for CSI-RS (working assumption) except for CSI-RS based RRM measurement without associated SSB and/or FG 6-1a by reporting optional capabilities.
· FG 1-5 (“CSI-RS based RRM measurement without associated SS-block”) is not applicable to RedCap UE.
· FG 1-4 (“CSI-RS based RRM measurement with associated SS-block”) is not applicable to RedCap UE and add a new UE feature group(s) for RedCap UE to report its support for CSI-RS based RRM measurement with associated SSB. 
· The new UE feature group(s) is to be discussed in AI 8.16.6.
· FG 6-1a is a prerequisite for the new UE feature group(s). 

Proposal 2: In both FR1 and FR2, for a non-RRC-configured active DL BWP in connected mode (if it does not include CD-SSB and the entire CORESET#0), 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.
Proposal 3: Adopt Text Proposal 1 to TS38.213.
Proposal 4: If a RedCap UE is provided a separate initial DL BWP from DownlinkConfigCommonRedCapSIB, it uses it as its initial DL BWP. Otherwise, it uses the MIB-defined DL BWP as its initial DL BWP.
Proposal 5: Adopt Text Proposal 2 to TS 38.213.
Proposal 6: For both FR1 and FR2, if a cell configures a SIB-configured initial DL BWP for RedCap UE that does not include the entire CORESET#0, a RedCap UE in idle/inactive mode applies the MIB-defined CORESET#0 DL BWP for monitoring Type0, Type0A, and Type2-PDCCH CSS set and applies the SIB-configured DL BWP for monitoring Type1 PDCCH CSS set.
Proposal 7: For TDD, center frequencies are the same for the initial DL and UL BWPs for RedCap UEs, regardless of whether the initial DL BWP contains CD-SSB and the entire CORESET#0.
Proposal 8: For TDD, the center frequencies between CORESET#0 and the initial UL BWP for RedCap can be different as long as the total bandwidth of the two is not larger than the RedCap maximum UE bandwidth. Otherwise, they are the same.
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