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1. [bookmark: _Toc120549591]Introduction
In RAN1#107-e meeting, the following agreements were made regarding the maximum UE bandwidth reduction of RedCap UEs [1]. 
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 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 relevent 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:
· 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 futher 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) 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 this contribution, some remaining issues and specification corrections of UE complexity reduction features will be discussed.
2. Separate initial UL BWP
1. 
Last meeting agreed that when network disables intra-slot PUCCH frequency hopping within the separate initial UL BWP, each PUCCH resource is mapped to a single PRB. A remaining issue is whether 16 PUCCH resources are mapped to one side or two sides of the UL BWP. 
This issue is configurable by gNB. When bandwidth of initial UL BWP is larger than maximum RedCap UE bandwidth and separate initial UL BWP locates at the edge of initial UL BWP, to prevent PUSCH resource fragmentation, all 16 PUCCH resources can be mapped to one side of separate initial UL BWP. It is SIB-configurable which side and the mapping equation at corresponding side becomes effective. For example, in Fig. 1(a), when separate initial UL BWP locates at higher side of initial UL BWP, 16 PUCCH resources are mapped to higher side via SIB and the mapping equation at higher side applies. In Fig. 1(b), when separate initial UL BWP locates at lower side of initial UL BWP, 16 PUCCH resources are mapped to lower side via SIB and the mapping equation at lower side applies.
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Fig. 1(a) higher side mapping of PUCCH resources   Fig. 1(b) lower side mapping of PUCCH resources
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Fig. 2 two side mapping of PUCCH resources
It is also possible gNB configures PUCCH resources to be mapped to two side of UL BWP via SIB, first 8 PUCCH resources are mapped to higher side and latter 8 PUCCH resources to lower side. gNB can schedule PUCCH resource based on requirement. For example, in Fig. 2, when there exists continuous resource allocation of non-RedCap UEs, to alleviate PUSCH resource fragmentation, gNB can schedule PUCCH resources at higher side for RedCap UEs. When there is no need of continuous resource allocation of non-RedCap UEs, scheduling PUCCH at lower side of separate initial UL BWP is also allowed, Two side mapping of PUCCH resources sacrifices PUSCH fragment performance, frequency selective scheduling gain may be achieved since channel condition at lower side of separate initial UL BWP may be better or worse than that at higher side of separate initial UL BWP. 
Mapping PUCCH resources to two side is an optimization of PUCCH resource configuration instead of the basic function. In this version, we prefer to satisfy the basic function of coexistence and prioritize to standardize mapping PUCCH resources to one side. 
There are two methods to avoid collision of PUCCH resource for RedCap and non-RedCap UEs. One method is, when the number of RedCap UEs is small, RedCap and non-RedCap can be configured with the same PUCCH resource set indice, PUCCH resource can be distinguished by configuring different PUCCH resource indexes for two types of UEs. Besides, additional PRB offset can be introduced and applied to mapping equations to avoid PRB overlapping between PUCCH resources with FH for non-RedCap and PUCCH resources without FH for RedCap in a cell. Existing PRB offset is used to reduce inter-cell interference of PUCCH transmission of non-RedCap UEs. With additional PRB offset, PUCCH transmission for RedCap UE may experience inter-cell interference from non-RedCap UEs in neighbour cell. For gNB, the configuration of candidate values of additional PRB offset should take inter-cell interference impact into account. 
The other method is, when the number of RedCap UEs is large, RedCap and non-RedCap can be configured with different PUCCH resource set indices. Additional PRB offset can also be applied to avoid collision of PUCCH resource.
Proposal 1: When the frequency hopping for the RedCap PUCCH resources (for HARQ feedback for Msg4/MsgB) is deactivated,
· All 16 PUCCH resources are mapped to one side of the RedCap UE BWP and it is SIB-configurable which side.
· The PRB index of the PUCCH transmission is determined using the existing equations as a starting point, with an SIB-configured additional PRB offset.
The TP suggestion for TS 38.213 section 17.1 is as the following:
<Unchanged text is omitted>
If a UE is provided initialUplinkBWP 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 disable-FH-PUCCH is provided in PUCCH-ConfigCommonRedCap.
If a UE is provided disable-FH-PUCCH and is configured to transmit PUCCH on lower side of the initial UL BWP by [PUCCHMappingSide] in PUCCH-ConfigCommonRedCap, 
· the UE determines the lowest PRB index of the PUCCH transmission as , where  is the total number of initial cyclic shift indexes in the set of initial cyclic shift indexes,  is a PRB offset if provided by PRBoffsetRedCap in PUCCH-ConfigCommonRedCap, otherwise  is 0.
· the UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as 
If a UE is provided disable-FH-PUCCH and is configured to transmit PUCCH on higher side of the initial UL BWP by [PUCCHMappingSide] in PUCCH-ConfigCommonRedCap, 
· the UE determines the lowest PRB index of the PUCCH transmission as .
· the UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as 
<Unchanged text is omitted>
3. Initial/non-initial DL BWP
In this section, the related issues of motivation of separate initial DL BWP not including CORESET#0, additional SSB in initial/non-initial DL BWP, and TDD center frequency alignment are discussed. 
2 
3 
Separate Initial DL BWP
1 
Motivation of separate initial DL BWP
In RAN1#107-e, the case when the separate initial DL BWP includes CD-SSB and the entire CORESET#0 has been agreed. Whether to support separate initial DL BWP not including CORESET#0 has no conclusion.
There has been full discussion about the motivation and operation of separate initial DL BWP not including CORESET#0. At least for TDD center frequency alignment and avoiding RF retuning during/after intial access purpose, and for simplifying BWP behaviour when RRC configured initial DL BWP is larger than 20MHz, a separate initial DL BWP for RedCap UEs (which does not contain CORESET0 and is not expected to exceed the maximum RedCap UE bandwidth) can be optionally configured. In last few meetings, there have been many agreements, proposals and LS about the operation of separate initial DL BWP not including CORESET#0, such as configuration of RACH/paging CORESET/CSS, operation of BWP with/without SSB, DCI format size, etc. 
Since the motivation of separate initial DL BWP not including CORESET#0 is sufficient and the operation of separate initial DL BWP can be guaranteed by existing agreement on BWP operation with/without SSB, it is natural to support that separate initial DL BWP not including CORESET#0 is configurable by gNB.
Proposal 2: 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, when the separate initial DL BWP does not include CD-SSB and the entire CORESET#0 is supported
· It can be used during and after initial access.
· It is no wider than the maximum RedCap UE bandwidth.
· This applies to both TDD and FDD (including FD FDD and HD FDD) cases.
Another issue is whether separate initial DL BWP is always configured if the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth. If a separate initial DL BWP for RedCap UEs is not configured, CORESET#0 can be defined as separate initial DL BWP or RedCap UEs continue to use at least the location, bandwidth, SCS, and cyclic prefix of the MIB-configured CORESET#0. With both methods, RedCap UEs can work normally and the behaviour of RedCap UEs is the same. 
Whether MIB-configured CORESET#0 is applicable during and after initial access is related to the center frequency alignment issue between CORESET#0 and initial UL BWP. Existing spec allows the misalignment of CORESET#0 and initial UL BWP. Some companies have concern on the usage of CORESET#0 in connected state if the center frequency of CORESET#0 is not aligned with initial UL BWP. Based on the discussion in section 3.3.1, CORESET#0 misaligns with initial UL BWP is supported but they should within maximum UE bandwidth, so that RF retuning is avoided between UL/DL BWPs, so that CORESET#0 can be used during and after initial access.
Proposal 3: 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 CORESET#0 is defined as separate initial DL BWP. 
· CORESET#0 can be used during and after initial access.
The TP suggestion for TS 38.213 section 17.1 is as the following:
<Unchanged text is omitted>
[bookmark: _Hlk86909075]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 not provided a DL BWP by initialDownlinkBWP in DownlinkConfigCommonRedCapSIB, and initialDownlinkBWP in DownlinkConfigCommonSIB indicates an DL BWP that is larger than a maximum DL BWP that a UE supports, an initial DL BWP is defined by a location and number of contiguous PRBs, starting from a PRB with the lowest index and ending at a PRB with the highest index among PRBs of a CORESET for Type0-PDCCH CSS set, and a SCS and a cyclic prefix for PDCCH reception in the CORESET for Type0-PDCCH CSS set.
<Unchanged text is omitted>
DCI format size for DCI 1_0 in CSS
Regarding the bandwidth for separate initial DL BWP, it can have any values up to the maximum UE bandwidth. There has been no consensus on whether to determine DCI size for DCI 1_0 in CSS by CORESET#0, separate initial DL BWP or additional CORESET.
The determination of DCI size for DCI 1_0 in CSS is tightly related to DCI size alignment. Since RedCap UEs receive paging in initial DL BWP, RedCap and non-RedCap have the same fallback DCI size determined based on CORESET0. Besides, RedCap may receive RAR/msg4 in separate initial DL BWP. If fallback DCI size is determined based on additional common CORESET or separate initial DL BWP, there are two sizes for the same fallback DCI 1_0, the total number of DCI size for RedCap may exceeds 4. Therefore, a simple method to have no impact on DCI size alignment procedure is to determine size for DCI 1_0 in CSS based on CORESET#0.
Proposal 4: For a separate initial DL BWP for RedCap UEs,
· Reception of DCI 1_0 in CSS follows legacy behavior.
· DCI size depends on size of CORESET#0.
· Resource allocation starts at first PRB of CORESET where DCI format has been received.
Additional SSB transmission
Last meeting agreed that RedCap UE does not expect separate initial DL BWP configured only for RACH to contain SSB. Whether RedCap UE can be configured with paging in separate initial DL BWP containing NCD-SSB is still WA. RedCap UEs with baseline capability expect NCD-SSB within the active BWP, whether to support operation with optional capability based on CSI-RS is WA. In the following, the remaining WA will be discussed.
paging reception with NCD-SSB
Last RAN plenary has achieved following conclusion about paging reception in an initial BWP [2]: 
· 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
So that a RedCap UE monitors paging in separate initial DL BWP only when separate initial DL BWP includes CD-SSB. The WA about paging reception with NCD-SSB is not confirmed.
The TP suggestion for TS 38.213 section 17.1 is as the following:
<Unchanged text is omitted>
For an initial DL BWP provided by initialDownlinkBWP in DownlinkConfigCommonRedCapSIB, if a UE 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 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
<Unchanged text is omitted>
optional capability based on CSI-RS
Based on the discussion in RAN4 [3], for an RRC-configured active DL BWP (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 1RX Redcap UE in Rel-17 
· For serving cell timing related requirements, RAN4 agreed to not define requirements based on CSI-RS in Rel-17.
When RedCap UE supports FG 6-1a and optional capability based on CSI-RS is reported, CSI-RS can be an alternative of NCD-SSB in active DL BWP for RLM/BFD/L1 RSRP measurement. For RRM measurement, it is feasible that UE measures SSB associated with CSI-RS within measurement gap, and then retune back to measure  CSI-RS in RRC-configured active DL BWP. As our analysis in [4], CSI-RS can also be an alternative of NCD-SSB in active DL BWP for RO mapping and QCL source/spatial relation purpose. Thus, the WA about CSI-RS is confirmed. Supporting optional capability based on CSI-RS enables RedCap UEs with higher capability to achieve more precise measurement result, and has benefit in reducing network overhead since the CSI-RS resource can always be configured by network, no additional overhead of NCD-SSB is needed in active DL BWP.
Proposal 5: Confirm the following WA.
For FR1,
· 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 can indicate the following as optional capability:
· Not need NCD-SSB: A RedCap UE can in addition optionally support relevant operation based on CSI-RS and/or FG 6-1a by reporting optional capabilities.
The TP suggestion for TS 38.213 section 17.1 is as the following:
<Unchanged text is omitted>
For an active DL BWP 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, in this case, UE can perform RLM, BFD, CBD, L1 RSRP measurement, and L3 measurement based on SSB and/or CSI-RS if UE reports corresponding capabilities.
<Unchanged text is omitted>
additional SSB with BWP#0 configuration option 1
The agreement in last RAN1 meeting is about SSB in separate initial DL BWP in idle/inactive mode and SSB in RRC-configured active DL BWP. For BWP#0 configuration option 1, whether a RedCap UE in connected mode can expect SSB transmission in a separate initial DL BWP still has no conclusion.
Firstly, the definition of BWP#0 needs to be clarified. For RedCap, when separate initial DL BWP is not configured, the definition of BWP#0 is the same as existing spec. When separate initial DL BWP is provided by initialDownlinkBWP in DownlinkConfigCommonRedCapSIB, separate initial DL BWP is defined as BWP#0. 
With BWP#0 configuration option 1, separate initial DL BWP can be used in connected mode when the number of non-initial RRC-configured DL BWP is less than 4. Since separate initial DL BWP does not have dedicated configurations, network can schedule RedCap based on SIB1-defined configuration. If more flexible scheduling is desired, RedCap UEs can switch to a non-initial RRC-configured DL BWP after initial access. 
On the other hand, initial DL BWP with comparatively small bandwidth can act as a default BWP for the purpose of power saving after initial access. However, for RedCap, active BWP and separate initial DL BWP have similar bandwidth as maximum UE BW, the power saving gain by switching to separate initial DL BWP is small. Besides, active BWP can be configured as default BWP, separate initial DL BWP may not always act as the default BWP. The motivation for using separate initial DL BWP as default BWP is not strong.
Therefore, a separate initial DL BWP (i.e. BWP#0) with configuration option 1 for RedCap can be applied after initial access, but the functionality and power saving gain is limited. It is not necessary to mandate transmission of additional SSB in separate initial DL BWP in connected mode, otherwise the overhead of SSB is too large.
Some companies argue that SSB transmission in connected mode is related to UE capability. Actually, FG6-1 and FG6-1a is about RRC configured BWP. With configuration option 2, the SSB transmission in separate initial DL BWP in idle/inactive mode and connected mode is different, since separate initial DL BWP in connected mode is RRC reconfigured and depends on UE capability. With configuration option 1, separate initial DL BWP in connected mode is not RRC configured BWP, so that it is not constrained by the baseline capability. In this case, the SSB transmission in separate initial DL BWP can have a unified design, i.e., SSB is not expected in separate initial DL BWP in idle/inactive/connected modes.
For the reception of SSB, gNB has flexibility to configure separate initial DL BWP to include existing SSB. If SSB is not present in separate initial DL BWP, the UE can rely on the RF-retuning to CD-SSB for sync. Since the operation time in separate initial DL BWP is limited and UE is in connected mode, retuning for sync is not frequent. 
Proposal 6: For BWP#0 configuration option 1, a RedCap UE in connected mode does not expect SSB transmission in separate initial DL BWP.
Center frequency in TDD
106b-e meeting has agreed center frequencies are assumed to be the same for initial DL/UL BWPs (when initial DL BWP contains CD-SSB/CORESET#0) and non-initial DL/UL BWPs for RedCap UEs in FR1 TDD. A remaining issue is whether the center frequencies of CORESET#0 and initial UL BWP are aligned, and whether the case that the center frequencies of initial UL/DL BWPs are different is supported. 
Center frequency alignment between CORESET#0 and initial UL BWP
There are at least two cases that RedCap UEs use CORESET#0 during and after initial access. When initial DL BWP for non-RedCap is larger than maximum UE bandwidth and separate initial DL BWP is not configured, CORESET#0 is used during and after initial access. When separate initial DL BWP is configured and includes CORESET#0, CORESET#0 is used during initial access. To ensure the application of CORESET#0, the center frequency alignment issue between CORESET#0 and separate initial UL BWP needs to be tackled. There are three options of the center frequency alignment issue.
· option 1: the center frequencies of CORESET#0 and separate initial UL BWP are the same
· option 2: the center frequencies of CORESET#0 and separate initial UL BWP can be different but within UE bandwidth
· option 3: the center frequencies of CORESET#0 and separate initial UL BWP may exceed UE bandwidth
With option 1, if CORESET#0 and separate initial UL BWP are always aligned, there is much restriction on network configuration. With option 2, RF retuning between UL/DL BWPs during and after initial access is avoided, timeline requirements for RACH is met. Separate initial UL BWP can locate at edge of carrier to reduce UL fragment and CORESET#0 can locate near the edge of carrier, there remains some flexibility of configuration. Option 3 has maximum flexibility of configuration but requires retuning between UL/DL BWPs. With data transmission, the retuning will be frequent after initial access. Therefore, to reach a compromise between flexible configuration and power saving, we prefer option 2.
Proposal 7: 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.
Proposal 8: For TDD, if there is separate initial DL BWP configured for RedCap UEs and it contains the entire CORESET#0, RedCap UE expects CORESET#0 and (separate) initial UL BWP to not span a larger bandwidth together than the maximum RedCap UE bandwidth.
Center frequency alignment between initial DL BWP and initial UL BWP
When separate initial DL BWP does not include CD-SSB and CORESET#0, it should be aligned with separate initial UL BWP. In this case, misalignment of center frequencies does not bring any gain.
Regarding whether separate initial DL BWP including CD-SSB and CORESET#0 can be unaligned with separate initial UL BWP, there has been no conclusion. In this case, CORESET#0 is used during initial access, and based on the analysis in section 3.3.1, CORESET#0 and separate initial UL BWP are limited within maximum UE bandwidth to remain flexibility of configuration. Separate initial DL BWP applies after initial access. Comparing Fig. 3 with Fig. 4, if initial UL/DL BWPs are not aligned, increased flexibility of configuration of separate initial DL BWP is limited since the location of CORESET#0 has restriction, there is no benefit in alleviating resource congestion of DL scheduling，total bandwidth of initial UL/DL BWPs exceeds maximum UE bandwidth resulting in frequent retuning in connected mode, no overhead reduction gain is achieved since separate initial DL BWP already includes CORESET#0. Thus, as shown in Fig. 4, we prefer separate initial DL BWP including CORESET#0 is aligned with separate initial UL BWP. 
[image: ]             [image: ]
             Fig. 3 misalignment of initial BWPs               Fig. 4 alignment of initial BWPs
Proposal 9: For FR1, and FR2 at least for SSB and CORESET#0 multiplexing pattern 1,
· For TDD, center frequencies are assumed to be the same for the initial DL (if it does not include CD-SSB and the entire CORESET#0) and UL BWPs used during random access for RedCap UEs.
· For TDD, center frequencies are assumed to be the same for the initial DL BWP (if it is not CORESET#0) and initial UL BWP used after initial access for RedCap UEs.
The TP suggestion for TS 38.213 section 17.1 is as the following:
<Unchanged text is omitted>
For unpaired spectrum operation, a UE does not expect to receive a configuration where the center frequency for a DL BWP is different than the center frequency for an UL BWP when the BWP-Id of the DL BWP is same as the BWP-Id of the UL BWP.
For unpaired spectrum operation, if a UE is not provided a DL BWP by initialDownlinkBWP in DownlinkConfigCommonRedCapSIB, and initialDownlinkBWP in DownlinkConfigCommonSIB indicates an DL BWP that is larger than a maximum DL BWP that a UE supports, or if a UE is provided a DL BWP by initialDownlinkBWP in DownlinkConfigCommonRedCapSIB and the DL BWP includes CORESET with index 0, the center frequency for CORESET with index 0 can be different than the center frequency for initial UL BWP. A UE does not expect to receive a configuration where the bandwidth for CORESET with index 0 and initial UL BWP is larger than the maximum bandwidth that the UE supports. 
<Unchanged text is omitted>
4. Conclusions
In this contribution, remaining issues on maximum UE bandwidth reduction features are discussed, and the following proposals are made.
Proposal 1: When the frequency hopping for the RedCap PUCCH resources (for HARQ feedback for Msg4/MsgB) is deactivated,
· All 16 PUCCH resources are mapped to one side of the RedCap UE BWP and it is SIB-configurable which side.
· The PRB index of the PUCCH transmission is determined using the existing equations as a starting point, with an SIB-configured additional PRB offset.
The TP suggestion for TS 38.213 section 17.1 is as the following:
<Unchanged text is omitted>
If a UE is provided initialUplinkBWP 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 disable-FH-PUCCH is provided in PUCCH-ConfigCommonRedCap.
If a UE is provided disable-FH-PUCCH and is configured to transmit PUCCH on lower side of the initial UL BWP by [PUCCHMappingSide] in PUCCH-ConfigCommonRedCap, 
· the UE determines the lowest PRB index of the PUCCH transmission as , where  is the total number of initial cyclic shift indexes in the set of initial cyclic shift indexes,  is a PRB offset if provided by PRBoffsetRedCap in PUCCH-ConfigCommonRedCap, otherwise  is 0.
· the UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as 
If a UE is provided disable-FH-PUCCH and is configured to transmit PUCCH on higher side of the initial UL BWP by [PUCCHMappingSide] in PUCCH-ConfigCommonRedCap, 
· the UE determines the lowest PRB index of the PUCCH transmission as .
· the UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as 
<Unchanged text is omitted>
Proposal 2: 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, when the separate initial DL BWP does not include CD-SSB and the entire CORESET#0 is supported
· It can be used during and after initial access.
· It is no wider than the maximum RedCap UE bandwidth.
· This applies to both TDD and FDD (including FD FDD and HD FDD) cases.
Proposal 3: 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 CORESET#0 is defined as separate initial DL BWP. 
· CORESET#0 can be used during and after initial access.
The TP suggestion for TS 38.213 section 17.1 is as the following:
<Unchanged text is omitted>
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 not provided a DL BWP by initialDownlinkBWP in DownlinkConfigCommonRedCapSIB, and initialDownlinkBWP in DownlinkConfigCommonSIB indicates an DL BWP that is larger than a maximum DL BWP that a UE supports, an initial DL BWP is defined by a location and number of contiguous PRBs, starting from a PRB with the lowest index and ending at a PRB with the highest index among PRBs of a CORESET for Type0-PDCCH CSS set, and a SCS and a cyclic prefix for PDCCH reception in the CORESET for Type0-PDCCH CSS set.
<Unchanged text is omitted>
Proposal 4: For a separate initial DL BWP for RedCap UEs,
· Reception of DCI 1_0 in CSS follows legacy behavior.
· DCI size depends on size of CORESET#0.
· Resource allocation starts at first PRB of CORESET where DCI format has been received.
The TP suggestion for TS 38.213 section 17.1 is as the following:
<Unchanged text is omitted>
For an initial DL BWP provided by initialDownlinkBWP in DownlinkConfigCommonRedCapSIB, if a UE 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 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
<Unchanged text is omitted>
Proposal 5: Confirm the following WA.
For FR1,
· 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 can indicate the following as optional capability:
· Not need NCD-SSB: A RedCap UE can in addition optionally support relevant operation based on CSI-RS and/or FG 6-1a by reporting optional capabilities.
The TP suggestion for TS 38.213 section 17.1 is as the following:
<Unchanged text is omitted>
For an active DL BWP 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, in this case, UE can perform RLM, BFD, CBD, L1 RSRP measurement, and L3 measurement based on SSB and/or CSI-RS if UE reports corresponding capabilities.
<Unchanged text is omitted>
Proposal 6: For BWP#0 configuration option 1, a RedCap UE in connected mode does not expect SSB transmission in separate initial DL BWP.
Proposal 7: 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.
Proposal 8: For TDD, if there is separate initial DL BWP configured for RedCap UEs and it contains the entire CORESET#0, RedCap UE expects CORESET#0 and (separate) initial UL BWP to not span a larger bandwidth together than the maximum RedCap UE bandwidth.
Proposal 9: For FR1, and FR2 at least for SSB and CORESET#0 multiplexing pattern 1,
· For TDD, center frequencies are assumed to be the same for the initial DL (if it does not include CD-SSB and the entire CORESET#0) and UL BWPs used during random access for RedCap UEs.
· For TDD, center frequencies are assumed to be the same for the initial DL BWP (if it is not CORESET#0) and initial UL BWP used after initial access for RedCap UEs.
The TP suggestion for TS 38.213 section 17.1 is as the following:
<Unchanged text is omitted>
For unpaired spectrum operation, a UE does not expect to receive a configuration where the center frequency for a DL BWP is different than the center frequency for an UL BWP when the BWP-Id of the DL BWP is same as the BWP-Id of the UL BWP.
For unpaired spectrum operation, if a UE is not provided a DL BWP by initialDownlinkBWP in DownlinkConfigCommonRedCapSIB, and initialDownlinkBWP in DownlinkConfigCommonSIB indicates an DL BWP that is larger than a maximum DL BWP that a UE supports, or if a UE is provided a DL BWP by initialDownlinkBWP in DownlinkConfigCommonRedCapSIB and the DL BWP includes CORESET with index 0, the center frequency for CORESET with index 0 can be different than the center frequency for initial UL BWP. A UE does not expect to receive a configuration where the bandwidth for CORESET with index 0 and initial UL BWP is larger than the maximum bandwidth that the UE supports. 
<Unchanged text is omitted>
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