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Introduction
[bookmark: _Hlk525462591]In Rel-17 WI for reduced capability devices [1], UE complexity reduction features are to be specified. One component of complexity reduction is the reduced maximum UE bandwidth –
· 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
In RAN1#107-e, the following agreements were made with respect to this issue –
Agreement
· In Rel-17, up to 1 separate initial UL BWP for RedCap can be configured.

Agreement 
· For both FR1 and FR2, for a cell that allows a RedCap UE to access, network can configure a separate initial DL BWP for RedCap UEs in SIB. At least the case when the separate initial DL BWP includes CD-SSB and the entire CORESET#0 is supported
· It can be used in idle/inactive mode (including paging) and during and after initial access, when applicable
· It is no wider than the maximum RedCap UE bandwidth.
· This applies to both TDD and FDD (including FD FDD and HD FDD) cases.

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 (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

Agreement
· For FR2,
· 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 for CSI-RS (working assumption) and/or FG 6-1a by reporting optional capabilities.
· Note: For SSB and CORESET#0 multiplexing pattern 1, 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

Agreement
· Send an LS to RAN2 and RAN4 to inform them about relevant RAN1 agreement on FR1 and corresponding agreement on FR2, as well as the working assumption, and ask them whether the working assumption reasonable or not:
· [bookmark: _Hlk94966815][bookmark: _Hlk94965880]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
· Indicate in the LS that RAN1 does not expect any further RAN1 specification impact from the above working assumption.
· Also include the following RAN1 agreement in the LS as background information:
· For both FR1 and FR2, for a cell that allows a RedCap UE to access, network can configure a separate initial DL BWP for RedCap UEs in SIB. At least the case when the separate initial DL BWP includes CD-SSB and the entire CORESET#0 is supported
· It can be used in idle/inactive mode (including paging) and during and after initial access, when applicable
· It is no wider than the maximum RedCap UE bandwidth.
· This applies to both TDD and FDD (including FD FDD and HD FDD) cases.

Agreement
· When the frequency hopping for the RedCap PUCCH resources (for HARQ feedback for Msg4/MsgB) is deactivated,
· Each PUCCH resource is mapped to a single PRB.
· What side[(s)] of the RedCap UL BWP center frequency to which PUCCH resources are mapped is[/are] configurable by the network, including SIB-configurable [additional] offset (with no more than [4] candidate values) from edge using the existing equations for determining the PRB index of the PUCCH transmission as a starting point.
· RedCap and non-RedCap can be configured with the same or different PUCCH resource set indices (see TS 38.213 Table 9.2.1-1).

Agreement
· For a separate initial DL BWP for RedCap UEs,
· The supported bandwidths for the separate initial DL BWP for RedCap UEs can have any values up to the maximum UE bandwidth (as in legacy operation).

In addition, in RAN#94-e, it was agreed –

· 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.
In this contribution, we address remaining issues related to reduced maximum UE bandwidth.
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Separate DL BWP
Working assumption on supporting relevant operation based on for CSI-RS
In RAN1#107-e, RAN1 made the following working assumption –
· 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) and/or FG 6-1a by reporting optional capabilities.
RAN1 then sent an LS to RAN4 asking for feedback regarding the use of CSI-RS for relevant operation. RAN4 has replied –
· 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.
Therefore, the working assumption can be considered to be confirmed based on the feedback from RAN4.
Working assumption on NCD-SSB for initial DL BWP configured for paging
In RAN1#107-e, RAN1 made the following working assumptions –
· 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
In RAN#94-e, it was agreed that UE in idle/inactive state will only monitor paging in an initial BWP associated with CD-SSB. The other scheme where UE in idle/inactive state monitors paging in an initial BWP associated with NCD-SSB will not be considered further in Rel-17. Therefore, the RAN1 working assumption is no longer valid based on the decision from RAN plenary.
Clarification of UE behavior when separate initial DL BWP is not configured
One remaining issue is the UE behavior when separate initial DL BWP is not configured. In case the initial DL BWP for non-RedCap UEs is not wider than the maximum RedCap UE bandwidth, then the UE can use CORESET#0 for initial access and then this initial DL BWP subsequently. However, the issue is when the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth. In RAN#107-e, the following proposal was made –
· If a separate SIB-configured initial DL BWP for RedCap UEs is not configured when the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth, then the RedCap UE continues to use at least the location, bandwidth, SCS, and cyclic prefix of the MIB-configured CORESET#0.
· For TDD, RedCap UE expects CORESET#0 and (separate) initial UL BWP to not span a larger bandwidth together than the maximum RedCap UE bandwidth.
· This does not mandate center frequency alignment between CORESET#0 and initial UL BWP for RedCap UE.
· Signaling details are up to RAN2.
In our view, the use of MIB-configured CORESET#0 for initial access is based on legacy procedure and therefore this part is straightforward. We therefore support the proposal. 
Proposal 1: If a separate SIB-configured initial DL BWP for RedCap UEs is not configured when the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth, then the RedCap UE continues to use at least the location, bandwidth, SCS, and cyclic prefix of the MIB-configured CORESET#0.
The contentious part is with respect to the alignment for DL and UL that may or may not needed for TDD UE. On the one hand, it seems that there should be no issue for UE to perform RF retuning during initial access. But some companies are concerned that this may present an issue if further considered for UE in CONNECTED mode. On the other hand, as long as CORESET#0 and the initial UL BWP are within the maximum UE BW, there is no need to align the center frequency between the two. In addition, RF retuning by the UE is not needed as the UE can determine the appropriate center frequency containing both CORESET#0 and the initial UL BWP. The options are highlighted below –
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Although our preference is to allow UE RF retuning (and therefore no need to contain CORESET#0 and initial UL BWP within the UE bandwidth), for the sake of progress we feel the proposal to contain CORESET#0 and initial UL BWP within the UE bandwidth but their center frequency do not need to be aligned is a good compromise. Therefore, we also support the compromised proposal.
Proposal 2: For TDD, RedCap UE expects CORESET#0 and (separate) initial UL BWP to not span a larger bandwidth together than the maximum RedCap UE bandwidth. This does not mandate center frequency alignment between CORESET#0 and initial UL BWP for RedCap UE.
Presence of SSB transmission in separate initial DL BWP in connected mode for BWP#0 configuration option 1
In RAN1#107-e, the issue of whether SSB transmission is needed in a separate initial DL BWP in connected mode for BWP#0 configuration option 1 was discussed. In BWP#0 configuration option 1, the network configures BWP#0 with cell-specific parameters only (i.e. configure BWP-DownlinkCommon and BWP-UplinkCommon in ServingCellConfigCommon), but do not configure dedicated configurations in BWP-DownlinkDedicated or BWP-UplinkDedicated in ServingCellConfig. In this case, BWP#0 is not considered to be an RRC-configured BWP, i.e. UE only supporting one BWP can still be configured with BWP#1 in addition to BWP#0 when using this configuration. The BWP#0 can still be used even if it does not have the dedicated configuration, albeit in a more limited manner since only the SIB1-defined configurations are available. For example, only DCI format 1_0 can be used with BWP#0 without dedicated configuration, so changing to another BWP requires RRCReconfiguration since DCI format 1_0 doesn't support DCI-based switching.
In practice, the use of BWP#0 in connected mode seems quite limited as there is no UE-specific configuration (e.g. no USS). Likely UE will be switched to RRC-configured BWP later so. So this BWP#0 would mostly likely not be used in connected mode, and therefore it seems like SSB is not needed. Note that we’ve agreed that in connected mode UE should expect SSB, so this would present an exception. However, the use case for BWP#0 configuration option 1 in connected mode is very limited. Therefore, we proposed not to support SSB in this case. Furthermore, since it was agreed that UE in idle/inactive state will only monitor paging in an initial BWP associated with CD-SSB, this would only apply for separate initial DL BWP that is only configured for random access only.
Proposal 3: For BWP#0 configuration option 1, the UE does not expect SSB in the separate initial DL BWP that is configured for random access only when it is used in connected mode.
SI update mechanism
In RAN1#107-e, there were discussions related to SI update for RedCap UE both in idle/inactive and connected states. Our understanding is that no specification changes are needed. The following mechanism will be used –
· RedCap UE in idle/inactive state – SI update is to be conveyed through paging. RedCap UE will monitor paging either on CORESET#0 or separate initial DL BWP (according to configured Type2-CSS). When SI update notification is received, the UE will acquire SIB1 and other necessary SI messages.
· RedCap UE in connected state – SI update is to be conveyed through paging or dedicated RRC signaling.
Separate UL BWP
PUCCH Resource Determination
In RAN1#107-e, the following agreements were made with respect to PUCCH resources used for HARQ feedback for Msg4/MsgB –

· When the frequency hopping for the RedCap PUCCH resources (for HARQ feedback for Msg4/MsgB) is deactivated,
· Each PUCCH resource is mapped to a single PRB.
· What side[(s)] of the RedCap UL BWP center frequency to which PUCCH resources are mapped is[/are] configurable by the network, including SIB-configurable [additional] offset (with no more than [4] candidate values) from edge using the existing equations for determining the PRB index of the PUCCH transmission as a starting point.
· RedCap and non-RedCap can be configured with the same or different PUCCH resource set indices (see TS 38.213 Table 9.2.1-1).

There are two remaining issues – (1) whether to allow PUCCH resources to be mapped to one or both sides of the UL BWP, and (2) the number of candidate offset values.
On the first issue, the benefit of allowing PUCCH resources to be mapped to both sides (8 at the lower edge and 8 at the upper edge) is not clear to us since there is no frequency hopping. This mapping will still fragment the PUSCH resources which is the key reason to disable frequency hopping in the first place. Thus, our preference is to map PUCCH resources to only one side of the UL BWP. Otherwise, if two sides are used then there is no need to disable frequency hopping.
Proposal 4: PUCCH resources are mapped to only one side of the UL BWP. 
With respect to the number of candidate values, we don’t have a strong view on the number of candidates. However, having 4 candidate values for additional offset value seems to be sufficient.
Proposal 5: Four SIB-configurable offset values for PUCCH resource mapping are sufficient. 
Note that one further related issue is the multiplexing of non-FH and FH transmission in PUCCH resources. In case multiplexing is to be supported, specification changes such as having two base sequences may be needed. However, in our view, it is possible to avoid multiplexing of such transmissions via network configuration (e.g. via proper configuration of RedCap PUCCH PRB index and offset to avoid non-RedCap PUCCH). Therefore, there is no need to introduce specification support for mixing the two types of PUCCH transmissions.
RACH occasions
In RAN1#106-e, the following working assumption was confirmed –

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.
The ROs are contained within the RedCap UE bandwidth and therefore no re-tuning is needed by the UE with respect to the ROs. However, note that the ROs in the separate initial UL BWP for RedCap UEs can be dedicated for RedCap UEs or shared with non-RedCap UEs. When they are shared, a separate mapping between RO and SSB for RedCap UE may be needed. That is because only a subset of the non-RedCap ROs may be present within the RedCap UL BWP.
An example of SSB to RO mapping with shared ROs is shown in Figure 1. In this case, the RedCap UE first determines the SSB mapping for the non-RedCap ROs. The overlapping RedCap ROs will use this mapping. Since all ROs are not available to RedCap UE, however, some SSBs will not be mapped to the RedCap ROs. These unmapped SSBs are then mapped to the RedCap ROs according to a predefined rule (which can be similar to the existing approach). For RO with more than one SSBs mapped to it, different preamble subsets can be used to indicate different preferred SSBs. If, however, preamble partitioning is not used, different beamforming weights can be applied to process the received preambles (i.e. using beams associated with the SSBs). In this case, the gNB would need to transmit two RARs, one associated with each SSB beam.
[image: ]
[bookmark: _Ref83881418]Figure 1. Example of SSB to RO mapping with shared ROs.
SDT on Separate BWP
In [4], RAN2 informed RAN1 that –
· RAN2 confirms that SDT will be configured only on initial BWP and there is no L1 ACK feedback for CG-SDT.  
Furthermore, RAN2 asks RAN1 to confirm that the separate RedCap BWP can be considered as the initial BWP and SDT resources can hence be configured on this RedCap BWP. In RAN1, it has been agreed that separate initial DL and UL BWPs can be configured. In addition, in RAN2#116bis-e, it was agreed 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.
· RedCap-specific two-step RACH, if configured, and four-step RACH are always configured in the same BWP.
These RAN2 agreements resolve the random access configuration when RedCap-specific initial UL BWP is configured. Therefore, from RAN1 perspective, separate initial BWPs can be configured and they can be used for SDT. 
Proposal 6: RAN1 confirms that separate RedCap BWP can be considered as the initial BWP and SDT resources can hence be configured on this RedCap BWP. 
Conclusions
In this contribution, we consider reduced maximum UE bandwidth and make the following proposals –
Proposal 1: If a separate SIB-configured initial DL BWP for RedCap UEs is not configured when the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth, then the RedCap UE continues to use at least the location, bandwidth, SCS, and cyclic prefix of the MIB-configured CORESET#0.
Proposal 2: For TDD, RedCap UE expects CORESET#0 and (separate) initial UL BWP to not span a larger bandwidth together than the maximum RedCap UE bandwidth. This does not mandate center frequency alignment between CORESET#0 and initial UL BWP for RedCap UE.
Proposal 3: For BWP#0 configuration option 1, the UE does not expect SSB in the separate initial DL BWP that is configured for random access only when it is used in connected mode.
Proposal 4: PUCCH resources are mapped to only one side of the UL BWP. 
Proposal 5: Four SIB-configurable offset values for PUCCH resource mapping are sufficient. 
Proposal 6: RAN1 confirms that separate RedCap BWP can be considered as the initial BWP and SDT resources can hence be configured on this RedCap BWP. 
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