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Introduction
The work item on NR support of reduced capability NR devices was approved in [1] and revised in [2]. One objective is to specify the support for the following UE complexity reduction features: 
· 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.
· Reduced minimum number of Rx branches:
· For frequency bands where a legacy NR UE is required to be equipped with a minimum of 2 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE is 1. The specification also supports 2 Rx branches for a RedCap UE in these bands.
· For frequency bands where a legacy NR UE (other than 2-Rx vehicular UE) is required to be equipped with a minimum of 4 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE is 1. The specification also supports 2 Rx branches for a RedCap UE in these bands.
· A means shall be specified by which the gNB can know the number of Rx branches of the UE.
· Maximum number of DL MIMO layers:
· For a RedCap UE with 1 Rx branch, 1 DL MIMO layer is supported.
· For a RedCap UE with 2 Rx branches, 2 DL MIMO layers are supported.
· Relaxed maximum modulation order:
· Support of 256QAM in DL is optional (instead of mandatory) for an FR1 RedCap UE.
· No other relaxations of maximum modulation order are specified for a RedCap UE.
· Duplex operation:
· HD-FDD type A with the minimum specification impact (Note that FD-FDD and TDD are also supported.)
This contribution provides views on aspects related to reduced maximum UE bandwidth for RedCap.

Aspects related to reduced maximum UE bandwidth
Initial DL BWP
In last RAN1#105-e meeting, most companies support the following proposal related to initial DL BWP [4]. During initial access, the bandwidth of the initial DL BWP for RedCap UEs is not expected to exceed the maximum RedCap UE bandwidth.

High Priority Proposal 2.1-1: Confirm the following RAN1#104bis-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).
However, two companies insisted to see some clarifications on this proposal before confirming. Finally, the FL recommendation was to revisit the working assumption in a future meeting. In our understanding, this proposal is clear enough. It should be made the final decision in this meeting, with considering the work item progress. Hence, we would like to have the following proposal with deleting the word of FFS in the last sub-bullet.

Proposal 1: 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.

In last RAN1#105-e meeting, there were the following working assumptions related to initial DL BWP after initial access [3]. 

Agreements: Replace the RAN1#104bis-e working assumption with the following working assumption (for option 1) and working assumption (for option 2):
· [bookmark: _Hlk78288431]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.

For the working assumptions for BWP#0 configuration option 1 and option 2, in our understanding, after initial access, UE capability is known by gNB. There is no need to operate with an initial DL BWP wider than the maximum RedCap UE bandwidth. In addition, it is not necessary to distinguish BWP#0 configuration for UE, i,e,. BWP#0 configuration option 1 or option 2. We generally support the agreed working assumptions and would like to merge option 1 and option 2 together to make some progress. Hence, we would prefer the following proposal without BWP#0 configuration.

Proposal 2: After initial access, a RedCap UE is not expected to operate with an initial DL BWP wider than the maximum RedCap UE bandwidth.


The following working assumption was made in last RAN1#105-e meeting [3] where during initial access and after initial access have been merged together to avoid unnecessary duplication.

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
We think it leaves too much FFS for further discussion. Certainly, it may be too difficult to make the final agreement due to different views among companies. From our perspective, the initial DL BWP for RedCap UEs can be optionally configured/defined separately from the initial DL BWP for non-RedCap UEs with flexibility and offloading purposes. If a separately configured initial DL BWP for RedCap UEs is used during initial access, it can also be used after initial access. Regarding the details of the configuration or definition, the configuration can be signaled in SIB or defined instead of siganled. Hence, we would like to have the following proposal.

Proposal 3: 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 part of the configuration can be defined instead of signaled
Initial UL BWP
In last RAN1#105-e meeting [3], there were the following working assumptions and agreements related to initial UL BWP. 

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  

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)

For the initial UL BWP, we generally support the above working assumptions and would like to confirm them to make some progress.

Proposal 4: 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.
· Note: these ROs can be dedicated for RedCap UEs or shared with non-RedCap UEs.

Proposal 5: 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.

Proposal 6: 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).
[bookmark: _Hlk78360616]When a separate initial UL BWP no wider than the RedCap UE maximum bandwidth is configured/defined for RedCap UEs, it should take PUSCH resource fragmentation into consideration. It is up to gNB implementation for better resource allocation, e.g., it would be helpful to separate initial UL BWP at the edge of bandwidth to minimize PUSCH resource fragmentation. When separating the initial UL BWP for RedCap UEs, it would be possible that the centre frequency is different from the MIB-configured initial DL BWP, which will break the need of same center frequency in TDD system. In our perspective, the centre frequencies should be aligned for initial UL and DL BWPs in TDD to avoid large spec impact and complicated RF retuning. Hence, we suggest to have the following proposal.

Proposal 7: 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.
· [bookmark: _Hlk78299218]Avoid or minimize PUSCH resource fragmentation due to PUCCH transmission for the above case
· Up to gNB implementation.
· Other potential methods are not precluded.
· Support the case when the centre frequency is assumed to be the same for the initial DL and UL BWPs in TDD. 

Other remaining issues
Regarding the draft LS on RF switching time, it is regrettable that no consensus was reached in last meeting. For the mechanism of proper RF retuning for RedCap, it would be better to send the LS to ask RAN4 confirmation and feedback. Hence, we support to send the draft LS on RF switching time for RedCap UE in R1-2106187. 

Proposal 8: Agree to send the draft LS on RF switching time for RedCap UE in R1-2106187.
Conclusion
In this contribution, we provided the following proposals:
Proposal 1: 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.
Proposal 2: After initial access, a RedCap UE is not expected to operate with an initial DL BWP wider than the maximum RedCap UE bandwidth.

Proposal 3: 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 part of the configuration can be defined instead of signaled
Proposal 4: 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.
· Note: these ROs can be dedicated for RedCap UEs or shared with non-RedCap UEs.

Proposal 5: 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.

Proposal 6: 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).

Proposal 7: 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.
· Avoid or minimize PUSCH resource fragmentation due to PUCCH transmission for the above case
· Up to gNB implementation.
· Other potential methods are not precluded.
· Support the case when the centre frequency is assumed to be the same for the initial DL and UL BWPs in TDD. 

Proposal 8: Agree to send the draft LS on RF switching time for RedCap UE in R1-2106187.
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