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Introduction
[bookmark: _Hlk525462591]Under the Rel-17 RedCap WI, the following issues were discussed but remain unresolved –
· Clarification of UE behavior when separate initial DL BWP is not configured
· Presence of SSB transmission in separate initial DL BWP in connected mode for BWP#0 configuration option 1
· Collision handling between SSB and Msg3 or PUCCH in response to Msg4/MsgB for HD-FDD UE
In this contribution, we address the above remaining issues related to reduced UE complexity and others.
[bookmark: _Hlk4137067][bookmark: _Hlk520894743][bookmark: _Hlk7596973]Reduced Maximum UE Bandwidth
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, the UE can follow legacy procedure and use CORESET#0 for initial access and subsequently the initial DL BWP. However, the issue is when the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth. In RAN#108-e, after extensive discussion, the following proposal was made –
· For the case that the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth,
· 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.
· From RAN1 perspective, if generic parameters (location, bandwidth, SCS, and cyclic prefix) of this separate initial DL BWP are absent and the separate initial downlink BWP contains the entire CORESET#0, RedCap UE can continue to use the location, bandwidth, SCS, and cyclic prefix of the MIB-configured CORESET#0. Necessity and feasibility of signaling optimizations are up to RAN2. 
· Note: For TDD, the center frequencies of the separate initial DL BWP and the initial UL BWP are aligned (in accordance with earlier agreement).
The above proposal was put forward as a compromise between two options –
· 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 2: 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.
Note that a separate initial DL BWP can already be configured for RedCap UE and the question here is whether it should always be configured (i.e. via SIB1). Option 2 allows for some overhead saving in SIB1 configuration. From 38.331, the initial DL BWP uses the IE BWP-DownlinkCommon, which contains the following: BWP (locationAndBandwidth, subcarrierSpacing, cyclicPrefix), pdcch-ConfigCommon, and pdsch-ConfigCommon. The amount of SIB1 overhead for configuring a separate BWP does not seem large given that pdcch-ConfigCommon and pdsch-ConfigCommon may anyway be required and the saving would be restricted to the generic parameters locationAndBandwidth, subcarrierSpacing, cyclicPrefix.
In our view, both options work. Our preference is to support Option 2 as that is aligned with legacy behavior and can potentially save some overhead in SIB1 signaling. However, based on the discussion in RAN1#108-e, we are fine to support Option 1 since this has slight majority and doesn’t require further discussion on center frequency alignment options. Therefore, we propose –
Proposal 1: For the case that the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth,
· 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.
· Note: For TDD, the center frequencies of the separate initial DL BWP and the initial UL BWP are aligned (in accordance with earlier agreement).
In RAN1#108-e, further compromise was suggested to reduce SIB1 overhead. In this case, it was further clarified that the IE BWP containing locationAndBandwidth, subcarrierSpacing, and cyclicPrefix may be ommited if the initial DL BWP contain the entire CORESET#0 and the UE can continue to use the information from the MIB-configured CORESET#0. We have no strong view in this case as this optimization seems to provide small benefit.
Presence of SSB transmission in separate initial DL BWP in connected mode for BWP#0 configuration option 1
In past meetings, 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 does 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 RAN1#108-e, the following options were put forward for down selection –
· 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.
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 2: For BWP#0 configuration option 1, we support the following –
· 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.

Next we discuss corrections to the text in TS 38.213 based on the following considerations. Some of the RedCap parameter names used in TS 38.213 [4] are not aligned with how the RedCap-specific configurations are defined in TS 38.331 [5]. Specifically, a separate initial DL BWP (initialDownlinkBWP) and initial UL BWP (initialUplinkBWP) are not configured, for RedCap UEs in new DownlinkConfigCommonRedCapSIB and UplinkConfigCommonRedCapSIB IEs, respectively. Rather, a new initial DL BWP IE (initialDownlinkBWP-RedCap) and a new initial UL BWP IE (initialUplinkBWP-RedCap) are defined in the legacy downlink and uplink common configuration IEs DownlinkConfigCommonSIB and UplinkConfigCommonSIB, respectively.

The name and use of the parameter for enabling/disabling frequency hopping for PUCCH transmission in TS 38.213 [4] is not aligned with the definition and description in TS 38.331 [5]. Specifically, frequency hopping is disabled not by providing disable-FH-PUCCH (which is not defined) but rather by omitting the parameter intra-SlotFH.

Another parameter name misalignment issue is related to how the configuration for 4-step or 2-step RACH is provided to the RedCap UE. According to the current specification text in [4], the RedCap UE is provided RACH-ConfigCommon-RedCap or RACH-ConfigCommonTwoStepRA-RedCap. This suggests that separate RACH configurations are provided for RedCap UEs and non-RedCap UEs in BWP-UplinkCommon configured with the legacy initialUplinkBWP IE. This may cause some confusion, however, since according to the specification in TS 38.331 [5], the RACH configurations for a RedCap UE are provided in rach-ConfigCommon or msgA-ConfigCommon in BWP-UplinkCommon configured for the separate UL BWP by initialUplinkBWP-RedCap.

To following text proposal can be considered for correcting the above issues.
---- start text proposal for TS 38.213 ----
[bookmark: _Toc99993880]17.1	RedCap UE procedures
…
[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-RedCap in DownlinkConfigCommonRedCapSIB, and an UL BWP by initialUplinkBWP-RedCap 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-RedCap in UplinkConfigCommonRedCapSIB.
A UE can be provided by BWP-DownlinkDedicated a DL BWP, other than the initial DL BWP. A UE can be provided by BWP-UplinkDedicated an UL BWP, other than the initial UL BWP, that is smaller than or equal to the maximum UL bandwidth that the UE supports. 
If a UE is provided RACH-ConfigCommon-RedCap or RACH-ConfigCommonTwoStepRA-RedCap, the UE uses corresponding parameters to perform the procedures in clauses 8.1, 8.1A, and 8.3; otherwise, the UE uses corresponding parameters from RACH-ConfigCommon or RACH-ConfigCommonTwoStepRA.If a UE is provided an UL BWP by initialUplinkBWP-RedCap in UplinkConfigCommonSIB and is provided rach-ConfigCommon or msgA-ConfigCommon in BWP-UplinkCommon for this UL BWP, the UE uses corresponding parameters to perform the procedures in clauses 8.1, 8.1A, and 8.3; otherwise, the UE uses corresponding parameters from rach-ConfigCommon or msgA-ConfigCommon in BWP-UplinkCommon for the UL BWP provided by initialUplinkBWP.
If a UE is provided initialUplinkBWP-RedCap in UplinkConfigCommonRedCapSIB and does not have dedicated PUCCH resource configuration, the UE transmits PUCCH with HARQ-ACK information as described in clause 9.2.1 using a PUCCH resource set provided by pucch-ResourceCommonRedCap, except that frequency hopping for the PUCCH transmission is disabled if the field intra-SlotFH is not present disable-FH-PUCCH is provided in PUCCH-ConfigCommonRedCap. If frequency hopping of the PUCCH transmission is disabled then, for the PUCCH transmission, the UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as  and determines the PRB index as
-	, if BWP-part = 'FromLowerEdge'
-	, otherwise
where  is provided by additional-RB-Offset, if provided; otherwise, 
---- end text proposal ----

Proposal 3: Adopt the above text proposal for TS 38.213 to align the definition of parameter names and IEs with TS 38.331.

Another issue is that the current specification text in TS 38.213 [4] does not clarify that the UE expects the initial UL BWP and active UL BWP after the UE (re)establishes dedicated RRC connection to be smaller than or equal to the maximum bandwidth that the UE supports, although the text provides this clarification for the initial DL BWP and the active DL BWP. Specifically, the portion of the following agreement from RAN1 #106-e that is highlighted in yellow is not incorporated in the specification.
Agreement:
· 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

In addition, there should be no differentiation between the maximum DL bandwidth and the maximum UL bandwidth that the UE supports. Therefore, it is proposed to add a sentence to clarify the restriction on the initial UL BWP and the active UL BWP as in the following text proposal and remove the reference to DL when referring to the UE bandwidth.

---- start text proposal for TS 38.213 ----
17.1	RedCap UE procedures
…
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 expects the initial UL BWP and the active UL BWP after the UE (re)establishes dedicated RRC connection to be smaller than or equal to the maximum bandwidth that the UE supports.
…
A UE can be provided by BWP-DownlinkDedicated a DL BWP, other than the initial DL BWP. A UE can be provided by BWP-UplinkDedicated an UL BWP, other than the initial UL BWP, that is smaller than or equal to the maximum UL bandwidth that the UE supports. 
---- end text proposal ----
Proposal 4: Adopt the above text proposal for TS 38.213 to clarify that the UE expects the initial UL BWP and the active UL BWP to be smaller than or equal to the maximum UL bandwidth that the UE supports.
HD-FDD
Collision handling between SSB and Msg3 or PUCCH in response to Msg4/MsgB for HD-FDD UE
In RAN1#108-e, this working assumption was made –
· For Case 5 of SSB overlapping with Msg3 (re)transmission or PUCCH for Msg4/MsgB, reuse the same handling as for other dynamically scheduled UL transmission and prioritize the SSB
· Note: Whether the above collision rule is reused for Msg3 PUSCH repetition is up to the agreement in the CE WI
In the case of collision handling between SSB and Msg3 or PUCCH in response to Msg4/MsgB, our preference is to use the same behavior defined for other UL transmissions and prioritize the SSB. It is true that the gNB does not yet know during random access whether the UE is a HDD RedCap UE. Therefore, for cells that support HDD RedCap UE, the gNB would have to try to avoid Msg3/PUCCH transmission during SSB. While this introduces scheduling restriction, our view is that this can be managed in a straightforward manner by the gNB (i.e. similar to avoiding other UL transmissions overlapping with SSB for HDD UE). Alternately, the gNB can still schedule Msg3/PUCCH without regard to SSB (i.e. no scheduling restriction). This may result in some missing Msg3/PUCCH transmissions from HDD RedCap UE. While this is not preferred, the gNB is already equiped to handle these potential missing UL transmissions (i.e. due to UE not being able to decode the PDCCH or PUCCH mis-detection). Therefore, we propose to confirm the working assumption.
Proposal 5: Confirm the following working assumption –
· For Case 5 of SSB overlapping with Msg3 (re)transmission or PUCCH for Msg4/MsgB, reuse the same handling as for other dynamically scheduled UL transmission and prioritize the SSB.
Available slots for PUCCH repetition
In RAN1#108-e, the issue of determining available slots for PUCCH repetition was discussed. In our view, we prefer to have a unified solution for both PUSCH and PUCCH determination. Therefore, in this case, the UE determines a slot as an available slot for PUCCH repetitions when a PUCCH repetition starts or ends at least  or , respectively, from the last or first symbol in the set of symbols with synchronization signal block (SSB) transmission.
Proposal 6: HD-FDD UE determines a slot as an available slot for PUCCH repetitions when a PUCCH repetition starts or ends at least  or , respectively, from the last or first symbol in the set of symbols with synchronization signal block (SSB) transmission.
Conclusions
In this contribution, we consider issues related to reduced UE complexity and make the following proposals –
Proposal 1: For the case that the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth,
· 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.
· Note: For TDD, the center frequencies of the separate initial DL BWP and the initial UL BWP are aligned (in accordance with earlier agreement).
Proposal 2: For BWP#0 configuration option 1, we support the following –
· 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.
Proposal 3: Adopt the above text proposal for TS 38.213 to align the definition of parameter names and IEs with TS 38.331.
Proposal 4: Adopt the above text proposal for TS 38.213 to clarify that the UE expects the initial UL BWP and the active UL BWP to be smaller than or equal to the maximum UL bandwidth that the UE supports. 
Proposal 5: Confirm the following working assumption –
· For Case 5 of SSB overlapping with Msg3 (re)transmission or PUCCH for Msg4/MsgB, reuse the same handling as for other dynamically scheduled UL transmission and prioritize the SSB.
Proposal 6: HD-FDD UE determines a slot as an available slot for PUCCH repetitions when a PUCCH repetition starts or ends at least  or , respectively, from the last or first symbol in the set of symbols with synchronization signal block (SSB) transmission.
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