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1. Introduction
[bookmark: _Hlk49419066]In RP-211574, “Revised WID on support of reduced capability NR devices”, which has been approved in RAN #92-e, has the objective of specifying support for reduced maximum UE bandwidth [1]:
· Specify support for the following UE complexity reduction features [RAN1, RAN2, RAN4]:
· Reduced maximum UE bandwidth:
· Maximum bandwidth of an FR1 RedCap UE during and after initial access is 20 MHz. 
· Maximum bandwidth of an FR2 RedCap UE during and after initial access is 100 MHz.


[bookmark: _Toc51768541][bookmark: _Toc51771048]   	In RAN1 #104-e, 104b-e and 105-e, agreements and working assumptions have been made from RAN1 regarding support for UE with bandwidth reduction feature [2][3][4].
RAN1 104-e
Agreements:
· Sharing of the same SSB and CORESET#0 between RedCap and non-RedCap UEs is supported when the bandwidth is no wider than the RedCap UE bandwidth
· The initial DL BWP (derived based on MIB/SIB) for RedCap UEs can be the same as the initial DL BWP for non-RedCap UEs at least when the initial DL BWP is no wider than the RedCap UE bandwidth.
· FFS: after initial access, whether a RedCap UE is allowed to operate with an initial DL BWP wider than the maximum RedCap UE bandwidth 
· Discuss further whether or not it is also applicable during initial access
· The initial UL BWP (derived based on SIB) for RedCap UEs can be the same as the initial UL BWP for non-RedCap UEs at least when the initial UL BWP is no wider than the RedCap UE bandwidth.
· FFS: during and after initial access, whether a RedCap UE is allowed to operate with an initial UL BWP wider than the maximum RedCap UE bandwidth 
· FFS whether or not to further introduce the following (e.g., for offloading purpose, for differentiation of RedCap vs. non RedCap UEs, for different BWP#0 configuration options, etc.)
· Whether an additional CORESET can be configured for scheduling of RACH (msg2 & msg4)/Paging/SI messages for RedCap UEs
· Whether the SIB-configured initial DL BWP for RedCap UEs can also be configured to be different from the SIB-configured initial DL BWP for non-RedCap UEs.
· Whether the SIB-configured initial UL BWP for RedCap UEs can also be configured to be different from the SIB-configured initial UL BWP for non-RedCap UEs.
RAN1 104b-e
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).




RAN1 105-e
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: 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 this contribution, we discuss asepcts of RedCap UE with bandwidth reduction feature.  
2. Discussion 
For an initial UL BWP for non-RedCap UE configured by SIB, the initial UL BWP may be reused by RedCap UE when the bandwidth of initial UL BWP is not wider than maximum UE bandwidth. And a separate initial UL BWP for RedCap UE with bandwidth no wider than maximum UE bandwidth can be configured/defined when the bandwidth of the initial UL BWP for non-RedCap UE is wider than maximum UE bandwidth, which is an unified solution for frequency resource of selected RO, Msg3 PUSCH and Msg4 PUCCH falling outside of maximum UE bandwidth. PUSCH fragmentation introduced by the separate initial UL BWP for RedCap UE need to be minimized to schedule UE with continuous RBs. Therefore, it is beneficial to configure/define separate initial UL BWP for RedCap UE at the edge of initial UL BWP for non-RedCap UE, which mitigates the impact of PUSCH fragmentation while may bring different center frequency between separate initial UL BWP for RedCap UE and initial DL BWP for non-RedCap UE/CORESET#0. In legacy unpaired spectrum operation, UE will not expect different center frequency between UL and DL BWP with identical index. As a consequence, same center frequency between initial DL BWP and initial UL BWP need to be supported, which may require configuring/defining a separate initial DL BWP for RedCap UE with same center frequency as separate initial UL BWP for RedCap UE. It has been discuss whether additionally support the case when the center frequency is different in RAN1#105-e. UE may need to perform center frequency retuning during Tx/Rx switching when center frequency is different between initial DL BWP and initial UL BWP. Though additional support for different center frequency may avoid configuring/defining a separate initial DL BWP for RedCap UE, the UE may need excess time to perform center frequency retuning during Tx/Rx switching which may impact the time relationship in random access procedure. For example, during initial access, UE may send PRACH and monitor PDCCH with RA-RNTI subsequently to acquire RAR during a window configured by higher layer. The window may start at least one symbol after the last symbol corresponding to the PRACH transmission. UE may not be able to monitor corresponding PDCCH after PRACH transmission due to excess time for performing center frequency retuning when center frequency is different between initial DL BWP and initial UL BWP.
Proposal 1: During initial access, time relationship in Tx/Rx switching may need to take center frequency retuning into account if different center frequency between initial DL BWP and initial UL BWP is supported.
In RAN1#105-e, it has been reached a working assumption of configuring/defining a separate initial DL BWP for RedCap UE in TDD at least after initial access. Since SSB and CORESET#0 can be shared with non-RedCap UE and RedCap UE, configuration of separate initial DL BWP for RedCap UE can be signalled in SIB1. It may be beneficial to include configuration of CSS and corresponding CORESET for RedCap UE in separate initial DL BWP for RedCap UE, as RedCap UE may monitor PDCCH in CSS in separate initial DL BWP for RedCap UE and may avoid center frequency retuning if center frequency is different between separate initial DL BWP for RedCap UE and initial DL BWP for non-RedCap UE/CORESET#0.
Proposal 2: Separate initial DL BWP for RedCap UE can include configuration of CSS(s) and corresponding CORESET(s) for RedCap UE.
If a separate initial UL BWP for RedCap UE with center frequency different than initial UL BWP for non-RedCap UE is configured/defined, a separate initial DL BWP for RedCap UE can be used during initial access to minimize the impact of center frequency retuning between initial UL BWP for RedCap UE and initial DL BWP for non-RedCap UE.
Proposal 3: If a separate initial DL BWP for RedCap UEs is configured/defined, the separate initial DL BWP for RedCap UEs can be used during initial access. 
Due to reduction in maximum UE bandwidth for RedCap UE, it may be difficult to configure/define separate initial DL BWP for RedCap UE to cover entire RBs corresponding to CORESET#0 which may also let bandwidth of initial DL BWP for RedCap UE wider than initial DL BWP for non-RedCap UE/CORESET#0. However, separate initial DL BWP for RedCap UE can still be configured/defined to cover partial RBs corresponding to CORESET#0 such that part of CSS and corresponding CORESET for non-RedCap UE may be reused. To minimize the impact of frequency retuning between separate initial DL BWP for RedCap UE and CORESET#0, PDCCH in CSS and corresponding CORESET for RedCap UE may be configured and RedCap UE may skip CORESET#0 monitoring and monitor PDCCH in CSS for RedCap UE in separate initial DL BWP for RedCap UE. Nonetheless, RedCap UE may still monitor in CORESET#0 for PDCCH in CSS for non-RedCap UE which may be reused and monitor in separate initial DL BWP for RedCap UE for PDCCH in CSS for RedCap UE, which may need perform frequency retuning between CORESET#0 and initial DL BWP for RedCap UE. If a separate initial DL BWP for RedCap UE does not cover entire RBs corresponding to CORESET#0 and UE still need to monitor PDCCH in CORESET#0 and separate initial DL BWP for RedCap UE, UE may not be able to monitor PDCCH in CORESET#0 and separate initial DL BWP for RedCap simultaneously due to limited received bandwidth. As a result, monitoring occasions in search space corresponding to CORESET#0 and CORESET in separate initial DL BWP for RedCap UE may not overlap or need to be separated by a number of symbols as UE need to perform frequency retuning. 
Observation 1: Due to reduction in maximum UE bandwidth for RedCap UE, it may be difficult to configure/define separate initial DL BWP for RedCap UE to cover entire RBs corresponding to CORESET#0.
Proposal 4: PDCCH in CSS and corresponding CORESET for RedCap UE may be configured in a separate initial DL BWP for RedCap UE and RedCap UE may skip CORESET#0 monitoring and monitor PDCCH in CSS for RedCap UE in the separate initial DL BWP for RedCap UE.
Proposal 5: If separate initial DL BWP for RedCap UE does not cover entire RBs corresponding to CORESET#0 and UE still need to monitor PDCCH in CORESET#0 and separate initial DL BWP for RedCap UE, monitoring occasions in search space corresponding to CORESET#0 and CORESET in separate initial DL BWP for RedCap UE may not overlap or need to be separated by a number of symbols.
For FDD, it may still be beneficial to configure/define initial DL BWP for RedCap UE separately from initial DL BWP for non-RedCap UE. For example, bandwidth of initial DL BWP configured in SIB1 is wider than maximum UE bandwidth. Since RedCap UE is not expected to operate with an initial DL BWP wider than the maximum UE bandwidth after initial access, a separate initial DL BWP for RedCap UE with bandwidth no wider than maximum bandwidth may be configured/defined and RedCap UE may apply the separate initial DL BWP for RedCap UE after initial access.
Proposal 6: For FDD, an initial DL BWP for RedCap UEs can be optionally configured/defined separately from the initial DL BWP for non-RedCap UEs.
It has been agreed in RAN1#105e that RedCap UE cannot be configured with non-initial BWP with bandwidth wider than maximum UE bandwidth and FG 6-1 is used as starting point for mandatory capability. For FG 6-1 basic BWP operation with restriction, bandwidth of a UE-specific RRC configured BWP includes bandwidth of CORESET#0 and SSB. Hence, the non-initial DL BWP for RedCap UE may be configured to include the bandwidth of CORESET#0 and SSB in FR1. The non-initial DL BWP may span similar RBs as CORESET#0 when bandwidth of CORESET#0 is configured to be close to maximum UE bandwidth, which may achieve similar frequency diversity gain as initial DL BWP for non-RedCap UE or CORESET#0
Observation 2:  Non-initial DL BWP for RedCap UE with FG 6-1 basic BWP operation with restriction may achieve similar frequency diversity gain as initial DL BWP for non-RedCap UE or CORESET#0.
For FG 6-1a BWP operation without restriction which is an optional feature for non-RedCap UE, bandwidth of UE-specific RRC configured BWP may not include bandwidth of the CORESET#0 and SSB. When UE operates in non-initial DL BWP without SSB and CORESET#0, UE may not be able to perform measurement via SSB or monitor PDCCH in CSS associated with CORESET#0. While non-initial DL BWP with FG 6-1a BWP operation without restriction may improve frequency diversity gain by spanning another set of RBs different than initial DL BWP for non-RedCap UE/CORESET#0.
Observation 3: Non-initial DL BWP for RedCap UE with FG 6-1a BWP operation without restriction may improve frequency diversity gain for RedCap UE.
3. Conclusion
In this contribution, we discuss the aspects on BWP and maximum UE bandwidth for RedCap UE, and have the following proposal.
Observation 1: Due to reduction in maximum UE bandwidth for RedCap UE, it may be difficult to configure/define separate initial DL BWP for RedCap UE to cover entire RBs corresponding to CORESET#0.
Observation 2:  Non-initial DL BWP for RedCap UE with FG 6-1 basic BWP operation with restriction may achieve similar frequency diversity gain as initial DL BWP for non-RedCap UE or CORESET#0.
Observation 3: Non-initial DL BWP for RedCap UE with FG 6-1a BWP operation without restriction may improve frequency diversity gain for RedCap UE.
Proposal 1: During initial access, time relationship in Tx/Rx switching may need to take center frequency retuning into account if different center frequency between initial DL BWP and initial UL BWP is supported.
Proposal 2: Separate initial DL BWP for RedCap UE can include configuration of CSS(s) and corresponding CORESET(s) for RedCap UE.
Proposal 3: If a separate initial DL BWP for RedCap UEs is configured/defined, the separate initial DL BWP for RedCap UEs can be used during initial access. 
Proposal 4: PDCCH in CSS and corresponding CORESET for RedCap UE may be configured in a separate initial DL BWP for RedCap UE and RedCap UE may skip CORESET#0 monitoring and monitor PDCCH in CSS for RedCap UE in the separate initial DL BWP for RedCap UE.
Proposal 5: If separate initial DL BWP for RedCap UE does not cover entire RBs corresponding to CORESET#0 and UE still need to monitor PDCCH in CORESET#0 and separate initial DL BWP for RedCap UE, monitoring occasions in search space corresponding to CORESET#0 and CORESET in separate initial DL BWP for RedCap UE may not overlap or need to be separated by a number of symbols.
Proposal 6: For FDD, an initial DL BWP for RedCap UEs can be optionally configured/defined separately from the initial DL BWP for non-RedCap UEs.

4. Reference
[1] RP-211574,” Revised WID on support of reduced capability NR devices”.
[2] Chairman’s Notes RAN1#104-e.
[3] Chairman’s Notes RAN1#104b-e.
[4] Chairman’s Notes RAN1#105-e.
