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1. [bookmark: _Ref87036880]Introduction
	As of RAN#90-e meeting, the WI titled “Support of reduced capability NR devices” was approved [1]. The WI objectives are copied below from latest version of the WID [2] for convenience. Related to the reduced UE bandwidth of RedCap, it is noted that as of RAN#91-e meeting, the maximum bandwidth of an FR1 RedCap UE during and after initial access is 20 MHz. That is, no wider bandwidth such as 40MHz is further considered for RedCap UEs.
	4	Objective
4.1	Objective of Core part WI
This WI has the following objectives: 
· Specify support for the following UE complexity reduction features [RAN1, RAN2, RAN4]:
· Reduced maximum UE bandwidth:
· Maximum bandwidth of an FR1 RedCap UE during and after initial access is 20 MHz. 
· Maximum bandwidth of an FR2 RedCap UE during and after initial access is 100 MHz
· …


2. Discussion
	In this contribution, we present our views on the aspects related to the reduced maximum UE bandwidth of RedCap.

2.1. [bookmark: _Ref71676337]Separate initial DL BWP for RedCap
	Whether to transmit NCD-SSB in the separate initial DL BWP configured for RedCap UEs for random access and/or paging has been controversial since RAN1#106-e meeting. It is basically considered as a trade-off b/w SSB overhead and UE power consumption/complexity. As a whole, UE venders prefer the solution that a RedCap UE may assume the transmission of SSBs for both random access and paging on the separate initial DL BWP for RedCap due to the concerns on the device power consumption, complexity, and the potential performance degradation. The SSB if available is used for selection of the PRACH resources and the monitoring occasions for paging. If a RedCap UE has to receive the SSBs by frequent RF retuning, then the RedCap device has to be very carefully designed. Otherwise, there would be performance loss compared to the non-RedCap devices. 
	Even if it was not our preferred solution from the beginning, as a compromise and for the sake of progress, we can live with the Option 2 which is summarized in the FL summary [3] and also in the LS to RAN2/RAN4 [4].
Proposal 1: For random access in idle/inactive mode in separate initial DL BWP for RedCap UEs in FR1,
· CORESET/CSS for random access can be configured in the separate initial DL BWP for RedCap UEs.
Proposal 2: For paging in idle/inactive mode in separate initial DL BWP for RedCap UEs in FR1,
· CORESET/CSS for paging can be configured in the separate initial DL BWP for RedCap UEs.
Proposal 3: For random access in idle/inactive mode in separate initial DL BWP for RedCap UEs in FR1,
· if the CORESET/CSS for random access is configured in the separate initial DL BWP for RedCap UEs but the CORESET/CSS for paging is not, then RedCap UE may not expect SSB transmission in the separate initial DL BWP.
· if the CORESET/CSS for paging is configured in the separate initial DL BWP for RedCap UEs, then RedCap UE may expect SSB transmission in the separate initial DL BWP.
Proposal 4: For paging in idle/inactive mode in separate initial DL BWP for RedCap UEs in FR1,
· if the CORESET/CSS for paging is configured in the separate initial DL BWP for RedCap UEs, then RedCap UE may expect SSB transmission in the separate initial DL BWP.

	Regarding the separate initial DL BWP for RedCap UEs, a working assumption was made in RAN1#106b-e meeting. 
	Working Assumption: (106b-e)
· For a cell that allows a RedCap UE to access, network can configure a separate initial DL BWP for RedCap UEs in SIB.
· Working assumption: It can be used during initial access
· It can be used after initial access.
· It is no wider than the maximum RedCap UE bandwidth.
· FFS: It is always configured if the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth.
· This applies to both TDD and FDD (including FD FDD and HD FDD) cases.
· Working assumption: It applies at least after initial access for FR1 when MIB configured CORESET#0 is included


The separate initial DL BWP for RedCap can be configured for offloading when the traffic load becomes high in the initial DL BWP for non-RedCap. The separate initial DL BWP can also be configured to align the center frequencies of the initial DL and UL BWPs in unpaired spectrum. Furthermore, it can also be used to address the concern on the potential increase in PDCCH blocking rate due to the higher AL that may be needed for the RedCap UEs especially with 1 Rx branches. Lastly, the amount of information in SIB needed to support RedCap UEs may be considerable causing some congestion problem in the initial DL BWP if shared with non-RedCap UEs. Taking into account those motivations above, we support the separate initial DL BWP for RedCap UEs during and after initial access. Moreover, as the motivations are relevant to FDD as well as TDD, we support the separate initial DL BWP for RedCap UEs for both TDD and FDD.
Proposal 5: The SIB1-configured initial DL BWP for RedCap UEs can be configured separately from the SIB1-configured initial DL BWP for non-RedCap UEs for both TDD and FDD.
Proposal 6: The SIB1-configured initial DL BWP for RedCap UEs can be used during and after initial access.

	The separate initial DL BWP for RedCap can be configured in SIB1 e.g., by adding a new IE BWP-DownlinkCommon-R for RedCap or by adding separate parameter(s) for RedCap under the existing IE BWP-DownlinkCommon. Details of signaling design should be left for RAN2 discussion.
	In idle/inactive mode, the separate initial DL BWP for RedCap can be used for random access and paging for RedCap UEs. The SI messages for RedCap can also be transmitted on the separate initial DL BWP of RedCap UEs. 
	For random access in idle/inactive mode, CORESET/CSS for random access can be configured in the separate initial DL BWP for RedCap UEs. If it is not configured, then a RedCap UE may need to switch the separate initial DL BWP for RedCap to the initial DL BWP for non-RedCap, and use the MIB-configured CORESET#0 and SS MOs in that initial DL BWP for non-RedCap during the random access. Similarly, for paging in idle/inactive mode, CORESET/CSS for paging can be configured in the separate initial DL BWP for RedCap UEs. If it is not configured, then a RedCap UE may need to switch the separate initial DL BWP for RedCap to the initial DL BWP for non-RedCap, and use the MIB-configured CORESET#0 and SS MOs in that initial DL BWP for non-RedCap for paging reception. The CORESET/CSS for random access or paging can be configured in the PDCCH-ConfigCommon IE in BWP-DownlinkCommon (or in BWP-DownlinkCommon-R).
Proposal 7: If CORESET/CSS for random access is configured in the separate initial DL BWP for RedCap UEs, RedCap UEs use the CORESET/CSS for random access configured in the separate initial DL BWP for RedCap UEs.
· If it is not configured, RedCap UEs use the MIB-configured CORESET#0 and SS MO for random access.
Proposal 8: If CORESET/CSS for paging is configured in the separate initial DL BWP for RedCap UEs, RedCap UEs use the CORESET/CSS for paging configured in the separate initial DL BWP for RedCap UEs.
· If it is not configured, RedCap UEs use the MIB-configured CORESET#0 and SS MO for paging

	The separate initial DL BWP for RedCap doesn’t always have to contain the MIB-configured CORESET#0 or SIB1. Same for the RRC-configured DL BWP. However, in both cases, the network can still configure the initial DL BWP to include the MIB-configured CORESET#0 or SIB1. It shall not be mandatory for a RedCap UE to always monitor the CORESET#0 to acquire SI update notification in connected mode if it requires the RF retuning. The SI update notification in connected mode can still be acquired if CORESETs/CSSs for paging and system information acquisition are configured in the separate initial DL BWP for RedCap UEs. And the updated system information can also be provided to a RedCap UE through dedicated signaling using the RRCReconfiguration message as in Rel-15.
Proposal 9: Regarding CORESET#0 and SIB1 in idle/inactive/connected mode for RedCap UEs in FR1,
· If a separate initial DL BWP for RedCap UEs is configured, then the UE shall not expect it to contain MIB-configured CORESET#0 or SIB1.
· Note: The network may configure MIB-configured CORESET#0 or SIB1 to be within the separate initial DL BWP.
· If an RRC-configured DL BWP is configured, then the UE shall not expect it to contain MIB-configured CORESET#0 or SIB1.
· Note: The network may configure MIB-configured CORESET#0 or SIB1 to be within the RRC-configured DL BWP.
· In connected mode, a RedCap UE is not required to monitor CORESET#0 for SI update notification.
· Notes: SI update notification can be supported if CORESETs/CSSs for paging and system information acquisition are configured in the separate initial DL BWP for RedCap UEs. The updated system information can also be provided to a RedCap UE through dedicated signaling using the RRCReconfiguration message as in Rel-15.

2.2. Separate initial UL BWP for RedCap
	For the separate initial UL BWP for RedCap, the following agreement was made in RAN1#106b-e meeting.
	Agreement: (106b-e)
· For a cell that allows a RedCap UE to access, network can configure a separate initial UL BWP for RedCap UEs in SIB
· It can be used both during and after initial access.
· It is no wider than the maximum RedCap UE bandwidth.
· It is always configured if the initial UL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth
· This applies to both TDD and FDD (including FD FDD and HD FDD) cases


So, for the separate initial UL BWP itself, we don’t see much remaining issues other than the configuration details. The separate initial UL BWP for RedCap can be configured in SIB1 e.g., by adding a new IE BWP-UplinkCommon-R for RedCap or by adding separate parameter(s) for RedCap under the existing IE BWP-UplinkCommon. Details of signaling design should be left for RAN2 discussion.
	It was agreed to align the center frequencies of the initial DL and UL BWPs for RedCap UEs in TDD in FR1 during random access as well as those of the non-initial DL and UL BWPs. 
	Agreement: (106b-e)
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.


For the FFS in the main bullet, if the initial DL BWP for RedCap UEs includes CD-SSB and the entire CORESET#0, but the center frequency of it is not aligned with that of the initial UL BWP, then the network should configure a separate initial UL BWP for RedCap UEs for center frequency alignment. If this is mandated for the network, then the FFS is not needed. As all these discussions some depend on the decision on the separate initial DL BWP, we can leave this FFS until we make a decision on the initial DL BWP for RedCap UEs.
	Taking into account the payload size limit of SIB1 (The maximum SIB1 or SI message size is 2976 bits), it would be useful to define the UE behavior when the separate initial DL BWP is not configured while the separate initial UL BWP is configured. If the separate initial DL BWP for RedCap UEs is not configured, then the RedCap UEs may assume the MIB-configured CORESET#0 bandwidth as the initial DL BWP. In this case, center frequencies b/w the separate initial UL BWP and the initial DL BWP may not be aligned. To minimize RF frequency retuning for RedCap UEs, applying some restrictions on the possible configuration of the separate initial UL BWP can be considered. That is, a RedCap UE may expect the center frequency of the (separate) initial UL BWP to be aligned with that of the separate initial DL BWP if configured, or the MIB-configured CORESET#0 otherwise.

2.3. [bookmark: _Ref68630174]RACH occasions
	As one of the aspects related to the reduced maximum UE bandwidth of RedCap, the case where the total frequency span of the FDMed ROs for PRACH transmission does not fit in the maximum RedCap UE bandwidth has been discussed. This case can happen, for example, if the RedCap UEs with 20 MHz maximum UE bandwidth in FR1 is configured with 8-FDMed ROs for the preamble formats with 30 kHz subcarrier spacing or for the preamble format 3 with 5 kHz subcarrier spacing. 
	Agreement (106-e)
Confirm the following working assumption from RAN1#105-e regarding RACH occasions.
· For enabling/supporting that the RACH occasion (RO) associated with the best SSB falls within the RedCap UE bandwidth, support separate initial UL BWP for RedCap UEs (which is not expected to exceed the maximum RedCap UE bandwidth), and this separate initial UL BWP for RedCap includes ROs for RedCap UEs.
· Note: these ROs can be dedicated for RedCap UEs or shared with non-RedCap UEs.


In the separate initial UL BWP for RedCap UEs, RedCap UEs can be configured with the PRACH configurations (e.g., ROs) either dedicated to RedCap UEs or shared with non-RedCap UEs. And the PRACH configurations in the separate initial UL BWP for RedCap UEs shall guarantee the RACH occasion associated with the best SSB will fall within the maximum RedCap UE bandwidth by gNB configuration. 
	If ROs are configured for the separate initial UL BWP for RedCap, RedCap UEs perform the random access procedure on the separate initial UL BWP for RedCap. If a separate initial DL BWP is configured with the CORESET/CSS for random access, then the RedCap UEs also need to switch to the separate initial DL BWP for Msg2/4 reception. If ROs are not configured for the separate initial UL BWP for RedCap, the RedCap UEs switch the separate initial UL BWP for RedCap to the initial UL BWP for non-RedCap to perform the random access procedure. If a separate initial DL BWP is configured with the CORESET/CSS for random access, then the UE may also need to switch the separate initial DL BWP for RedCap to the initial DL BWP for non-RedCap e.g., to align the center frequencies b/w the initial UL and DL BWPs.

2.4. [bookmark: _Ref68630189]PUSCH/PUCCH transmissions during initial access
	As another aspect related to the reduced maximum UE bandwidth of RedCap, a potential issue related to the frequency hopping for Msg3 PUSCH and PUCCH for Msg4 HARQ feedback during initial access procedure has been discussed and the following agreements were made.
	Agreement (#106b-e)
· In case a separate initial UL BWP is configured for RedCap UEs, it is supported that the network can enable/disable intra-slot PUCCH frequency hopping within the separate initial UL BWP in the PUCCH resource for HARQ feedback for Msg4/MsgB for RedCap UEs.
· The frequency hopping is enabled/disabled at least via SIB.

Agreement (#106b-e)
· FFS: What specification changes (if any) are needed to support that the network can enable/disable intra-slot PUCCH frequency hopping (FH) within the separate initial UL BWP in the PUCCH resource for HARQ feedback for Msg4/MsgB for RedCap
· FFS: Whether any specification changes are needed and desired in order to support multiplexing of non-FH and FH PUCCH transmissions in PUCCH resources.


According to the agreement above, a separate initial UL BWP can be configured for RedCap and the intra-slot PUCCH frequency hopping can be disabled within the separate initial UL BWP during random access. Disabling the intra-slot PUCCH frequency hopping within the separate initial UL BWP for RedCap can be signaled implicitly or explicitly via SIB1. For instance, if the bandwidth of initial UL BWP for non-RedCap is wider than RedCap UE bandwidth, then the RedCap UE may assume that the frequency hopping is OFF/disabled for the PUCCH (for Msg4/[MsgB] HARQ feedback) in the separate initial UL BWP without explicit signaling. And if the frequency hopping is OFF/disabled for the PUCCH during random access in the separate initial UL BWP, then the frequency resource of the PUCCH is determined by the frequency resource of the first frequency hop of the PUCCH which is determined as specified in TS 38.213.
Proposal 10: If the intra-slot PUCCH frequency hopping within the separate initial UL BWP in the PUCCH resource for HARQ feedback for Msg4/MsgB for RedCap UEs is OFF/disabled, then the frequency resource of the PUCCH is determined by the first frequency hop of the PUCCH which is determined as specified in TS 38.213.

To support that the network can enable/disable intra-slot PUCCH frequency hopping (FH) within the separate initial UL BWP in the PUCCH resource for HARQ feedback for Msg4/MsgB for RedCap, separate PUCCH configuration at least including the intra-slot PUCCH frequency hopping enable/disable should be configured in the separate initial UL BWP for RedCap UEs via SIB1. To minimize the spec impact, the Table 9.2.1-1 in TS 38.213 for PUCCH resource sets before dedicated PUCCH resource configuration can be reused as baseline potentially with some modifications or some additional parameters (e.g., additional PRB offsets for RedCap) to be jointly used with the Table.
Proposal 11: Separate PUCCH configuration (either PUCCH-Config or PUCCH-ConfigCommon) at least including intra-slot PUCCH frequency hopping enable/disable should be configured in the separate initial UL BWP.

	Potential remaining issues on the PUCCH transmission during initial access would be whether to support the time-domain OCC for user multiplexing in the separate initial UL BWP for RedCap UEs. Given the limited time for discussion on this relatively new issue, this topic can be left for PUCCH enhancement in general or deferred to a later release. Another issue is to enable the per-hop sequence (group) hopping for PUCCH for interference randomization even when the intra-slot PUCCH frequency hopping is disabled in the separate initial UL BWP for RedCap UEs. We tend to think this is kind of an optimization issue and therefore should be okay to be addressed later if there is a consensus on the enhancement in that direction. The simplest solution would be separately enable/disable via SIB1 the intra-slot frequency hopping and the PUCCH sequence (group) if supported. The same solution can apply to the time-domain OCC if supported.
Proposal 12: Multiplexing of non-FH and FH PUCCH transmissions in PUCCH resources are already supported. Specification works for further optimization are not essential, hence not desired.

2.5. [bookmark: _Ref71715759]Others
	Regarding the non-initial DL/UL BWP (i.e., a BWP with a non-zero index), the following working assumption was made in RAN1#104b-e meeting.
	Agreement: Take the following as an agreement, revised from the RAN1#104bis-e working assumption:
· A RedCap UE cannot be configured with a non-initial (DL or UL) BWP (i.e., a BWP with a non-zero index) wider than the maximum bandwidth of the RedCap UE.
· At least for FR1, FG 6-1 (“Basic BWP operation with restriction” as described in TR 38.822) is used as a starting point for the mandatory RedCap UE type capability.
· This does not preclude support of FG 6-1a (“BWP operation without restriction on BW of BWP(s)” as described in TR 38.822) as a UE capability for RedCap UEs.


Related to the sub-bullet, for FR2, we have to first discuss whether RedCap UEs may assume the bandwidth of the CORESET#0 and SSB does not exceed the maximum RedCap UE bandwidth. If RedCap UEs can assume the bandwidth of the CORESET#0 and SSB does not exceed the maximum RedCap UE bandwidth, then the feature groups other than the FG 6-1 can be optional for RedCap UEs. Otherwise, the RedCap UEs may be mandated to support the FG 6-1a (“BWP operation without restriction on BW of BWP(s)” as described in TR 38.822) at least for FR2. We prefer to put some restrictions on the possible CORESET#0 SSB multiplexing pattern in FR2 so that the RedCap UEs can assume the bandwidth of the CORESET#0 and SSB does not exceed the maximum RedCap UE bandwidth in FR1 and FR2, if it is not a serious restriction to the network.
Proposal 13: Support of FG 6-1a (“BWP operation without restriction on BW of BWP(s)” as described in TR 38.822) is an optional UE capability for RedCap UEs.
	For the BWP related issues summarized in the FL summary, our preference is not to introduce any new mechanisms for fast BWP switching in RedCap WI. Mostly, the motivations that are mentioned in the contributions are not limited to RedCap UEs, so the enhancements related to the BWP switching can be promoted in other work items.
Proposal 14: Mechanisms for faster BWP switching and/or hopping are not introduced for RedCap UEs.

1. Conclusion
In this contribution, we presented our views on the aspects related to the reduced maximum UE bandwidth of RedCap.
Proposal 1: For random access in idle/inactive mode in separate initial DL BWP for RedCap UEs in FR1,
· CORESET/CSS for random access can be configured in the separate initial DL BWP for RedCap UEs.
Proposal 2: For paging in idle/inactive mode in separate initial DL BWP for RedCap UEs in FR1,
· CORESET/CSS for paging can be configured in the separate initial DL BWP for RedCap UEs.
Proposal 3: For random access in idle/inactive mode in separate initial DL BWP for RedCap UEs in FR1,
· if the CORESET/CSS for random access is configured in the separate initial DL BWP for RedCap UEs but the CORESET/CSS for paging is not, then RedCap UE may not expect SSB transmission in the separate initial DL BWP.
· if the CORESET/CSS for paging is configured in the separate initial DL BWP for RedCap UEs, then RedCap UE may expect SSB transmission in the separate initial DL BWP.
Proposal 4: For paging in idle/inactive mode in separate initial DL BWP for RedCap UEs in FR1,
· if the CORESET/CSS for paging is configured in the separate initial DL BWP for RedCap UEs, then RedCap UE may expect SSB transmission in the separate initial DL BWP.
Proposal 5: The SIB1-configured initial DL BWP for RedCap UEs can be configured separately from the SIB1-configured initial DL BWP for non-RedCap UEs for both TDD and FDD.
Proposal 6: The SIB1-configured initial DL BWP for RedCap UEs can be used during and after initial access.
Proposal 7: If CORESET/CSS for random access is configured in the separate initial DL BWP for RedCap UEs, RedCap UEs use the CORESET/CSS for random access configured in the separate initial DL BWP for RedCap UEs.
· If it is not configured, RedCap UEs use the MIB-configured CORESET#0 and SS MO for random access.
Proposal 8: If CORESET/CSS for paging is configured in the separate initial DL BWP for RedCap UEs, RedCap UEs use the CORESET/CSS for paging configured in the separate initial DL BWP for RedCap UEs.
· If it is not configured, RedCap UEs use the MIB-configured CORESET#0 and SS MO for paging
Proposal 9: Regarding CORESET#0 and SIB1 in idle/inactive/connected mode for RedCap UEs in FR1,
· If a separate initial DL BWP for RedCap UEs is configured, then the UE shall not expect it to contain MIB-configured CORESET#0 or SIB1.
· Note: The network may configure MIB-configured CORESET#0 or SIB1 to be within the separate initial DL BWP.
· If an RRC-configured DL BWP is configured, then the UE shall not expect it to contain MIB-configured CORESET#0 or SIB1.
· Note: The network may configure MIB-configured CORESET#0 or SIB1 to be within the RRC-configured DL BWP.
· In connected mode, a RedCap UE is not required to monitor CORESET#0 for SI update notification.
· Notes: SI update notification can be supported if CORESETs/CSSs for paging and system information acquisition are configured in the separate initial DL BWP for RedCap UEs. The updated system information can also be provided to a RedCap UE through dedicated signaling using the RRCReconfiguration message as in Rel-15.
Proposal 10: If the intra-slot PUCCH frequency hopping within the separate initial UL BWP in the PUCCH resource for HARQ feedback for Msg4/MsgB for RedCap UEs is OFF/disabled, then the frequency resource of the PUCCH is determined by the first frequency hop of the PUCCH which is determined as specified in TS 38.213.
Proposal 11: Separate PUCCH configuration (either PUCCH-Config or PUCCH-ConfigCommon) including intra-slot PUCCH frequency hopping enable/disable should be configured in the separate initial UL BWP.
Proposal 12: Multiplexing of non-FH and FH PUCCH transmissions in PUCCH resources are already supported. Specification works for further optimization is not essential, hence not desired.
Proposal 13: Support of FG 6-1a (“BWP operation without restriction on BW of BWP(s)” as described in TR 38.822) is an optional UE capability for RedCap UEs.
Proposal 14: Mechanisms for faster BWP switching and/or hopping are not introduced for RedCap UEs.
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