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1. Introduction
At RAN1#105-e meeting, following agreements and working assumptions related to reduced maximum UE bandwidth were made [1]:
	Agreements: Replace the RAN1#104bis-e working assumption with the following working assumption (for option 1) and working assumption (for option 2):
· Working assumption: After initial access (i.e., after RRC Setup, RRC Resume, or RRC Reestablishment), for BWP#0 configuration option 1 (as in 38.331, Appendix B2), a RedCap UE is not expected to operate with an initial DL BWP wider than the maximum RedCap UE bandwidth.
· Working assumption: After initial access (i.e., after RRC Setup, RRC Resume, or RRC Reestablishment), for BWP#0 configuration option 2 (as in 38.331, Appendix B2), a RedCap UE is not expected to operate with an initial DL BWP wider than the maximum RedCap UE bandwidth.
Agreements:
· Both during and after initial access, the scenario where the initial UL BWP for non-RedCap UEs is configured to be wider than the maximum RedCap UE bandwidth is allowed.
· Working assumption: Both during and after initial access, for the scenario where the initial UL BWP for non-RedCap UEs is configured to be wider than the RedCap UE bandwidth, a separate initial UL BWP no wider than the RedCap UE maximum bandwidth is configured/defined for RedCap UEs.
· FFS: whether/how to avoid or minimize PUSCH resource fragmentation due to PUCCH transmission for the above case
· Support the case when the centre frequency is assumed to be the same for the initial DL and UL BWPs in TDD. 
· FFS whether or not to additionally support the case when the centre frequency is different; if so, how to minimize centre frequency retuning  
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.
Working assumption: Both during and after initial access, even for the scenario where the initial UL BWP for non-RedCap UEs is not configured to be wider than the RedCap UE bandwidth, a separate initial UL BWP can optionally be configured/defined for RedCap UEs.
· RO sharing between RedCap and non-RedCap is not precluded.
Working assumption: 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.
Working assumption: 
· For enabling/supporting that PUCCH (for Msg4/[MsgB] HARQ feedback) and/or PUSCH (for Msg3/[MsgA]) transmissions fall within the RedCap UE bandwidth during initial access, support separate initial UL BWP for RedCap UEs (which is not expected to exceed the maximum RedCap UE bandwidth).
· FFS: whether/how the specification also supports separate PUCCH/Msg3/[MsgA] PUSCH configuration/indication or a different interpretation of the same configuration/indication for RedCap (e.g., disabled frequency hopping or different frequency hopping)
Working assumption: At least for TDD, an initial DL BWP for RedCap UEs (which is not expected to exceed the maximum RedCap UE bandwidth) can be optionally configured/defined separately from the initial DL BWP for non-RedCap UEs at least after initial access
· FFS the details of the configuration/definition
· The configuration for a separately configured initial DL BWP for RedCap UEs is signaled in SIB.
· whether to support that separate initial DL BWP for RedCap UEs can include a configuration of CORESET and CSS(s) 
· whether part of the configuration can be defined instead of signaled
· If a separate initial DL BWP for RedCap UEs is configured/defined, this separate initial DL BWP for RedCap UEs can be used at least after initial access (i.e., at least after RRC Setup, RRC Resume, or RRC Reestablishment).
· FFS during the initial access
· FFS: whether a separately configured initial DL BWP for RedCap UEs needs to contain the entire CORESET #0, and, if not, the Redcap UE behaviour for CORESET #0 monitoring
· FFS: supported bandwidths in the separate initial DL BWP
· FFS: whether additional SSB is transmitted in the separately configured initial DL BWP for RedCap UEs
· FFS: FDD case



In the following sections, reduced maximum UE bandwidth for RedCap UEs and its specification impacts are discussed.


2. Reduced maximum UE Bandwidth
As captured in TR38.875, in general, UE bandwidth of 20 MHz for FR1 and 100 MHz for FR2 achieve good coexistence performance with legacy UEs while some specification work is needed to address the performance and coexistence impacts. Following aspects should be considered and were discussed in the last RAN1 meeting [2]:
· Initial DL BWP
· BW during initial access
· Separate initial DL BWP for RedCap UEs
· Initial UL BWP
· BW during and after initial access
· Separate initial UL BWP for RedCap UEs
· RACH occasions
· PUCCH (for Msg4/MsgB HARQ-ACK) / PUSCH (for Msg3/MsgA) frequency hopping

For the coexistence with non-RedCap UEs, following cases should be considered:
1) Initial DL/UL BWPs for non-RedCap UEs are not configured to be wider than the maximum RedCap UE BW
In this case, as shown in Fig. 1 for TDD as an example, both initial DL/UL BWPs can be shared by non-RedCap UEs and RedCap UEs using existing MIB/SIB configuration. Since the BW of initial UL BWP is within maximum RedCap UE BW, all ROs are configured to be within the RedCap UE BW. Similarly, PUSCH resource fragmentation issue [3] is avoided due to the same PUCCH/PUSCH configuration between non-RedCap UEs and RedCap UEs.
Observation 1: 
· When UL/DL BWPs for non-RedCap UEs are not configured to be wider than the maximum RedCap UE BW, the UL/DL BWPs can be shared by non-RedCap UEs and RedCap UEs while avoiding the issues of ROs outside RedCap UE BW and PUSCH resource fragmentation.
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Fig.1  Initial UL/DL BWP configuration for TDD when those for non-RedCap UEs are not configured to be wider than the maximum RedCap UE BW

2) Initial UL BWP for non-RedCap UEs is configured to be wider than the maximum RedCap UE BW
In this case, as shown in Fig. 2 for TDD as an example, following two options can be considered:
· Option 1: 
· Initial DL BWP, which is not wider than maximum RedCap UE BW, is shared by non-RedCap UEs and RedCap UEs using existing MIB/SIB configuration
· Initial UL BWP, which is not wider than maximum RedCap UE BW, for RedCap UEs is separately configured/defined from that for non-RedCap UEs
· Initial DL BWP and initial UL BWP for RedCap UEs have different center frequencies
· [bookmark: _Hlk79104174]Option 2: 
· Initial DL BWP, which is not wider than maximum RedCap UE BW, for RedCap UEs is separately configured/defined from that for non-RedCap UEs
· Initial UL BWP, which is not wider than maximum RedCap UE BW, for RedCap UEs is separately configured/defined from that for non-RedCap UEs
· Initial DL BWP and initial UL BWP for RedCap UEs have the same center frequency

For both options, all ROs either dedicated to RedCap UEs or shared with non-RedCap UEs can be configured to be within the RedCap UE BW. PUSCH resource fragmentation issue can be avoided by disabling the PUCCH frequency hopping for Msg4/B HARQ-ACK by configuration. Regarding center frequency alignment, Option 1 needs RF retuning which is not supported in Rel-16 specification. However, since initial access does not require fast RF retuning and RedCap use cases are not so delay-sensitive, this configuration would work both during and after initial access. On the other hand, Option 2 has the same rule as Rel-16 that the center frequencies of initial DL and UL BWPs are aligned and it works without RF retuning. Therefore, either option can be supported for the coexistence with non-RedCap UEs.
Observation 2: 
· When UL BWP for non-RedCap UEs is configured to be wider than the maximum RedCap UE BW, following options can avoid the issues of ROs outside RedCap UE BW and PUSCH resource fragmentation.
· Option 1: 
· Initial DL BWP, which is not wider than maximum RedCap UE BW, is shared by non-RedCap UEs and RedCap UEs using existing MIB/SIB configuration
· Initial UL BWP, which is not wider than maximum RedCap UE BW, for RedCap UEs is separately configured/defined from that for non-RedCap UEs
· Initial DL BWP and initial UL BWP for RedCap UEs have different center frequencies
· Option 2: 
· Initial DL BWP, which is not wider than maximum RedCap UE BW, for RedCap UEs is separately configured/defined from that for non-RedCap UEs
· Initial UL BWP, which is not wider than maximum RedCap UE BW, for RedCap UEs is separately configured/defined from that for non-RedCap UEs
· Initial DL BWP and initial UL BWP for RedCap UEs have the same center frequency
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Fig.2  Initial UL/DL BWP configuration for TDD when initial UL BWP for non-RedCap UEs is configured to be wider than the maximum RedCap UE BW


Based on the above discussion, following working assumptions should be confirmed with the revision in red:
Proposal 1: 
· Confirm the following working assumptions with the revision in red:
	Working assumption:
· During initial access, the bandwidth of the initial DL BWP for RedCap UEs is not expected to exceed the maximum RedCap UE bandwidth.
· The bandwidth and location of the initial DL BWP for RedCap UEs can be the same as the bandwidth and location of the MIB-configured initial DL BWP for non-RedCap UEs.
· This does not preclude a SIB-configured initial DL BWP for non-RedCap UEs only with a wider bandwidth than the maximum RedCap UE bandwidth.
· This does not preclude separate or additional bandwidth and location for initial DL BWP for RedCap UEs (FFS).
Working assumption: At least for TDD, an initial DL BWP for RedCap UEs (which is not expected to exceed the maximum RedCap UE bandwidth) can be optionally configured/defined separately from the initial DL BWP for non-RedCap UEs at least after initial access
· FFS the details of the configuration/definition
· The configuration for a separately configured initial DL BWP for RedCap UEs is signaled in SIB.
· whether to support that separate initial DL BWP for RedCap UEs can include a configuration of CORESET and CSS(s) 
· whether part of the configuration can be defined instead of signaled
· If a separate initial DL BWP for RedCap UEs is configured/defined, this separate initial DL BWP for RedCap UEs can be used at least both during and after initial access (i.e., at least after RRC Setup, RRC Resume, or RRC Reestablishment).
· FFS during the initial access
· FFS: whether a separately configured initial DL BWP for RedCap UEs needs to contain the entire CORESET #0, and, if not, the Redcap UE behaviour for CORESET #0 monitoring
· FFS: supported bandwidths in the separate initial DL BWP
· FFS: whether additional SSB is transmitted in the separately configured initial DL BWP for RedCap UEs
· FFS: FDD case
Working assumption:
· Both during and after initial access, for the scenario where the initial UL BWP for non-RedCap UEs is configured to be wider than the RedCap UE bandwidth, a separate initial UL BWP no wider than the RedCap UE maximum bandwidth is configured/defined for RedCap UEs.
· FFS: whether/how to avoid or minimize PUSCH resource fragmentation due to PUCCH transmission for the above case
· Support the case when the centre frequency is assumed to be the same for the initial DL and UL BWPs in TDD. 
· FFS whether or not to additionally support the case when the centre frequency is different; if so, how to minimize centre frequency retuning  
Working assumption: 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.
Working assumption: 
· For enabling/supporting that PUCCH (for Msg4/[MsgB] HARQ feedback) and/or PUSCH (for Msg3/[MsgA]) transmissions fall within the RedCap UE bandwidth during initial access, support separate initial UL BWP for RedCap UEs (which is not expected to exceed the maximum RedCap UE bandwidth).
· FFS: whether/how the specification also supports separate PUCCH/Msg3/[MsgA] PUSCH configuration/indication or a different interpretation of the same configuration/indication for RedCap (e.g., disabled frequency hopping or different frequency hopping)



Also, following proposal is made based on the above discussion:
Proposal 2: 
· Support disabling the PUCCH frequency hopping for Msg4/B HARQ-ACK in the initial UL BWP for RedCap UEs by configuration.


3. Conclusion
In this contribution, we discussed reduced maximum UE bandwidth for RedCap UEs and its specification impacts. Based on the discussion, we made following observations and proposals.
Observation 1: 
· When UL/DL BWPs for non-RedCap UEs are not configured to be wider than the maximum RedCap UE BW, the UL/DL BWPs can be shared by non-RedCap UEs and RedCap UEs while avoiding the issues of ROs outside RedCap UE BW and PUSCH resource fragmentation.
Observation 2: 
· When UL BWP for non-RedCap UEs is configured to be wider than the maximum RedCap UE BW, following options can avoid the issues of ROs outside RedCap UE BW and PUSCH resource fragmentation.
· Option 1: 
· Initial DL BWP, which is not wider than maximum RedCap UE BW, is shared by non-RedCap UEs and RedCap UEs using existing MIB/SIB configuration
· Initial UL BWP, which is not wider than maximum RedCap UE BW, for RedCap UEs is separately configured/defined from that for non-RedCap UEs
· Initial DL BWP and initial UL BWP for RedCap UEs have different center frequencies
· Option 2: 
· Initial DL BWP, which is not wider than maximum RedCap UE BW, for RedCap UEs is separately configured/defined from that for non-RedCap UEs
· Initial UL BWP, which is not wider than maximum RedCap UE BW, for RedCap UEs is separately configured/defined from that for non-RedCap UEs
· Initial DL BWP and initial UL BWP for RedCap UEs have the same center frequency
Proposal 1: 
· Confirm the following working assumptions with the revision in red:
	Working assumption:
· During initial access, the bandwidth of the initial DL BWP for RedCap UEs is not expected to exceed the maximum RedCap UE bandwidth.
· The bandwidth and location of the initial DL BWP for RedCap UEs can be the same as the bandwidth and location of the MIB-configured initial DL BWP for non-RedCap UEs.
· This does not preclude a SIB-configured initial DL BWP for non-RedCap UEs only with a wider bandwidth than the maximum RedCap UE bandwidth.
· This does not preclude separate or additional bandwidth and location for initial DL BWP for RedCap UEs (FFS).
Working assumption: At least for TDD, an initial DL BWP for RedCap UEs (which is not expected to exceed the maximum RedCap UE bandwidth) can be optionally configured/defined separately from the initial DL BWP for non-RedCap UEs at least after initial access
· FFS the details of the configuration/definition
· The configuration for a separately configured initial DL BWP for RedCap UEs is signaled in SIB.
· whether to support that separate initial DL BWP for RedCap UEs can include a configuration of CORESET and CSS(s) 
· whether part of the configuration can be defined instead of signaled
· If a separate initial DL BWP for RedCap UEs is configured/defined, this separate initial DL BWP for RedCap UEs can be used at least both during and after initial access (i.e., at least after RRC Setup, RRC Resume, or RRC Reestablishment).
· FFS during the initial access
· FFS: whether a separately configured initial DL BWP for RedCap UEs needs to contain the entire CORESET #0, and, if not, the Redcap UE behaviour for CORESET #0 monitoring
· FFS: supported bandwidths in the separate initial DL BWP
· FFS: whether additional SSB is transmitted in the separately configured initial DL BWP for RedCap UEs
· FFS: FDD case
Working assumption:
· Both during and after initial access, for the scenario where the initial UL BWP for non-RedCap UEs is configured to be wider than the RedCap UE bandwidth, a separate initial UL BWP no wider than the RedCap UE maximum bandwidth is configured/defined for RedCap UEs.
· FFS: whether/how to avoid or minimize PUSCH resource fragmentation due to PUCCH transmission for the above case
· Support the case when the centre frequency is assumed to be the same for the initial DL and UL BWPs in TDD. 
· FFS whether or not to additionally support the case when the centre frequency is different; if so, how to minimize centre frequency retuning  
Working assumption: 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.
Working assumption: 
· For enabling/supporting that PUCCH (for Msg4/[MsgB] HARQ feedback) and/or PUSCH (for Msg3/[MsgA]) transmissions fall within the RedCap UE bandwidth during initial access, support separate initial UL BWP for RedCap UEs (which is not expected to exceed the maximum RedCap UE bandwidth).
· FFS: whether/how the specification also supports separate PUCCH/Msg3/[MsgA] PUSCH configuration/indication or a different interpretation of the same configuration/indication for RedCap (e.g., disabled frequency hopping or different frequency hopping)



Proposal 2: 
· Support disabling the PUCCH frequency hopping for Msg4/B HARQ-ACK in the initial UL BWP for RedCap UEs by configuration.
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