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Introduction
[bookmark: _Hlk525462591]In Rel-17 WI for reduced capability devices [1], UE complexity reduction features are to be specified. One component of complexity reduction is the reduced maximum UE bandwidth –
· 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
In RAN1#104bis-e, the following agreements were made with respect to this issue –
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: After initial access, at least 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.
· FFS: BWP#0 configuration option 2 (as in 38.331, Appendix B2)
Agreement:
· During initial access, for the scenario where the initial UL BWP for non-RedCap UEs is configured to be wider than the RedCap UE bandwidth, down select among the following options in RAN1#105-e
· Option 1: The scenario is allowed, and a RedCap UE can use the same UL BWP.
· Option 2: The scenario is allowed, but a separate initial UL BWP no wider than the RedCap UE maximum bandwidth is configured/defined for RedCap UEs.
· Option 3: The scenario is not allowed, and a RedCap UE is not expected to operate in an initial UL BWP wider than the RedCap UE maximum bandwidth.
Agreement:
· 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, down select among the following options in RAN1#105-e:
· Option 1: The scenario is allowed, and a RedCap UE can use the same UL BWP.
· Option 2: The scenario is allowed, but a separate initial UL BWP no wider than the RedCap UE maximum bandwidth is configured/defined for RedCap UEs.
· Option 3: The scenario is not allowed, and a RedCap UE is not expected to operate in an initial UL BWP wider than the RedCap UE maximum bandwidth.
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 RedCap UE type capability.
In this contribution, we address issues related to reduced maximum UE bandwidth.
[bookmark: _Hlk4137067][bookmark: _Hlk520894743][bookmark: _Hlk7596973]Reduced Maximum UE Bandwidth
Initial DL BWP
In RAN1#104bis-e, it was agreed as a working assumption that during initial access, the bandwidth of the initial DL BWP for RedCap UE is not expected to exceed the maximum RedCap UE bandwidth. It is understood that this is because the UE uses CORESET#0 bandwidth (i.e. MIB-configured initial DL BWP) until initial access is completed and therefore the bandwidth in this case will not exceed the maximum RedCap UE bandwidth. In RAN1#104-e, the issue of configuring separate CORESET for initial access, paging, and SI messages was discussed. Currently, we don’t see strong motivations for the need to configure this additional CORESET. Furthermore, even if this was to be accepted, there is no reason for the CORESET to exceed the maximum RedCap UE bandwidth. Therefore, it is proposed to confirm the working assumption from RAN1#104bis-e.
Proposal 1: Confirm the working assumption that, during initial access, the bandwidth of the initial DL BWP for RedCap UEs is not expected to exceed the maximum RedCap UE bandwidth.
Note that the working assumption does not preclude having a SIB-configured DL BWP for non-RedCap UE with a wider bandwidth than the maximum RedCap UE bandwidth, nor having a separate or additional bandwidth and location for initial DL BWP for RedCap UEs. With respect to the SIB-configured BWP, it has been agreed as a working assumption that, after initial access, at least 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. Note that BWP#0 configuration option 1 is described as –
1) Configure BWP-DownlinkCommon and BWP-UplinkCommon in ServingCellConfigCommon, but do not configure dedicated configurations in BWP-DownlinkDedicated or BWP-UplinkDedicated in ServingCellConfig.
As described in 38.331, in this configuration, 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. Therefore, there is no issue for non-RedCap UE supporting one BWP to be configured with BWP#1. Thus, it is proposed to confirm this working assumption.
Proposal 2: Confirm the working assumption that, after initial access, at least 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.
There are, however, two options for configuring the initial BWPs. It remains for further study how to handle BWP#0 configuration option 2, described as –
2) Configure both BWP-DownlinkCommon and BWP-UplinkCommon in ServingCellConfigCommon and configure dedicated configurations in at least one of BWPDownlinkDedicated or BWP-UplinkDedicated in ServingCellConfig.
As described in 38.331, with the second option, the BWP#0 is considered to be an RRC-configured BWP, i.e. UE only supporting one BWP cannot be configured with BWP#1 in addition to BWP#0 when using this configuration. This means that non-RedCap UE supporting one BWP would remain in BWP#0 and therefore BWP#0 should be set to the maximum system bandwidth. For RedCap UE, two solutions are possible here – RedCap UE can operate in BWP that is wider than the maximum RedCap UE bandwidth, or RedCap UE can be configured with a separate BWP#0. In addition, it can be considered that this BWP#0 configuration option is not allowed. Allowing the RedCap UE to operate in wide bandwidth in this case will go against general design principle of BWP and also somewhat contradictory to other agreements from RAN#104bis-e where a RedCap UE cannot be configured with non-initial BWP that is larger than the maximum RedCap UE bandwidth. Therefore, it is also proposed that for BWP#0 configuration option 2, a RedCap UE is also not expected to operate with an initial DL BWP wider than the maximum RedCap UE bandwidth.
[bookmark: _Hlk71119256]Proposal 3: After initial access, for BWP#0 configuration option 2 (as in 38.331, Appendix B2), a RedCap UE is also not expected to operate with an initial DL BWP wider than the maximum RedCap UE bandwidth.
In RAN1#104-e, the issue of additional or separate CORESET for scheduling of Msg2/Msg4/Paging/SI messages for RedCap UEs was discussed. They can be used for offloading, for differentiation of RedCap UEs, for different BWP#0 configuration options, etc. Currently, we don’t see strong motivations for the need to have a separate CORESET for scheduling of Msg2/Msg4/Paging/SI messages for RedCap UEs as during initial access, CORESET0 can be set to 20MHz which would be is sufficient to schedule all the relevant messages to UEs. Therefore, we make the following proposal –
[bookmark: _Hlk71618671]Proposal 4: There is no need to configure additional CORESET for scheduling of Msg2/Msg4/Paging/SI messages for RedCap UEs. 
In addition, it has been discussed whether we can configure a separate SIB-configured initial DL BWP for RedCap UEs. This can be used for offloading and also to support SIB-configured initial DL BWP for non-RedCap UEs that is wider than the RedCap UE bandwidth. Although we currently do not see clear motivation, it may be needed in the future as the number of RedCap UEs increases. In addition, this could also allow the network to operate as it did before where only one BWP is configured for non-RedCap UEs. Therefore, we make the following proposal.
Proposal 5: A separate SIB-configured initial DL BWP for RedCap UEs can be considered. 
Initial UL BWP
One key issue to be addressed is with respect to initial UL BWP that is configured in SIB. In case that the initial UL BWP for non-RedCap UEs is configured to be wider than the RedCap UE bandwidth, there are two issues that have been raised which cannot be avoided by the gNB scheduler –
· PRACH occasions that are frequency mutiplexed such that the total frequency range of the PRACH extend beyond the maximum UE bandwidth.
· PUSCH and PUCCH frequency hopping on the BWP edges when the uplink BWP is larger than the maximum UE bandwidth.
In RAN1#104bis-e, three options have been listed for down-selection in RAN#105-e –
· Option 1: The scenario is allowed, and a RedCap UE can use the same UL BWP.
· Option 2: The scenario is allowed, but a separate initial UL BWP no wider than the RedCap UE maximum bandwidth is configured/defined for RedCap UEs.
· Option 3: The scenario is not allowed, and a RedCap UE is not expected to operate in an initial UL BWP wider than the RedCap UE maximum bandwidth.
The benefits of allowing UE to operate in wider BWP include better resource utilization, lower overhead, and the possibility of operating only a single BWP in the system. However, this is not preferred as it will require significant specification changes and introduce complexity both at the network and the UEs. In addition, in RAN1#104bis-e, it was agreed as a working assumption that 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. To be consistent with the working assumption and also BWP principle, we make a similar proposal here.
Proposal 6: RedCap UE is not expected to operate in an initial UL BWP wider than the RedCap UE maximum bandwidth.
Following from Proposal 6, only options 2 and 3 remain valid. The default choice should be Option 3 unless there are clear reasons to support separate initial UL BWP for RedCap UE. Some of the reasons given include –
· Offloading of RedCap UE.
· Early identification of RedCap UE via BWP.
· Need to have BWP of non-RedCap UE wider than the maximum bandwidth of the RedCap UE
Although we don’t see strong reason to support a separate SIB-configured initial UL BWP during initial access, it can be considered to provide the flexibility for the network to configure wider initial BWP for non-RedCap UEs.
Proposal 7: During initial access, a separate SIB-configured initial UL BWP for RedCap UEs can be considered. 
Furthermore, after initial access, it was also discussed how to handle the situation where the initial UL BWP for non-RedCap UEs is configured to be wider than the RedCap UE bandwidth. Again, three options have been listed for down-selection in RAN#105-e –
· Option 1: The scenario is allowed, and a RedCap UE can use the same UL BWP.
· Option 2: The scenario is allowed, but a separate initial UL BWP no wider than the RedCap UE maximum bandwidth is configured/defined for RedCap UEs.
· Option 3: The scenario is not allowed, and a RedCap UE is not expected to operate in an initial UL BWP wider than the RedCap UE maximum bandwidth.
Based on Proposal 6 and the working assumption from RAN1#104bis-e that 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, it’s clear that Option 1 is not preferred. In our view, the preferred choice is Option 3. However, it can be considered to provide the flexibility for the network to configure wider initial BWP for non-RedCap UEs.
Proposal 8: After initial access, a separate SIB-configured initial UL BWP for RedCap UEs can be considered. 
Non-Initial DL/UL BWP
In RAN1#104bis-e, it was agreed as a working assumption that –
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 RedCap UE type capability.
[bookmark: _GoBack]For non-initial BWP, it is clear that there is no need to configure BWP that is wider than the maximum bandwidth of RedCap UE. Therefore, we propose to confirm the working assumption.
Proposal 9: Confirm the working assumption that 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.
BWP Switching
Another issue that can be considered is BWP switching. There are several potential optimization that may require fast BWP switching, including –
· Keeping UE is narrow bandwidth to save power then switching to wider bandwidth for data transmission or frequency hopping.
· Hopping between bandwidth parts for frequency diversity.
Presently, we do not see a strong reason to require fast BWP switching than currently specified. Therefore, we feel that the current BWP switching mechanism is sufficient for RedCap UE.
Conclusions
In this contribution, we consider reduced maximum UE bandwidth and make the following proposals –
Proposal 1: Confirm the working assumption that, during initial access, the bandwidth of the initial DL BWP for RedCap UEs is not expected to exceed the maximum RedCap UE bandwidth.
Proposal 2: Confirm the working assumption that, after initial access, at least 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.
Proposal 3: After initial access, for BWP#0 configuration option 2 (as in 38.331, Appendix B2), a RedCap UE is also not expected to operate with an initial DL BWP wider than the maximum RedCap UE bandwidth.
Proposal 4: There is no need to configure additional CORESET for scheduling of Msg2/Msg4/Paging/SI messages for RedCap UEs. 
Proposal 5: A separate SIB-configured initial DL BWP for RedCap UEs can be considered. 
Proposal 6: RedCap UE is not expected to operate in an initial UL BWP wider than the RedCap UE maximum bandwidth.
Proposal 7: During initial access, a separate SIB-configured initial UL BWP for RedCap UEs can be considered. 
Proposal 8: After initial access, a separate SIB-configured initial UL BWP for RedCap UEs can be considered. 
Proposal 9: Confirm the working assumption that 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.
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