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1. [bookmark: _Toc120549591]Introduction
In RAN1#104b-e meeting, the following agreements were made regarding the maximum UE bandwidth reduction of RedCap UEs [1]. 
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, considerations on UE complexity reduction features and related specs influences are discussed and proposals are given.
2. Discussion on reduced maximum UE bandwidth
1 
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Initial DL BWP
Last RAN1 meeting has agreed on a 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. MIB-configured initial DL BWP is defined by CORESET#0, which does not exceed the RedCap UE bandwidth, and it will be used before RRC connection, therefore 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. 
According to current specification, SIB1 can reconfigure initial downlink BWP contains the entire CORESET#0 of this serving cell in the frequency domain, and the introduction of RedCap UEs is not supposed to make additional constraint on gNB configuration. Therefore, a SIB-configured initial DL BWP for non-RedCap UEs only with a wider bandwidth than the maximum RedCap UE bandwidth should not be precluded.
As to the FFS part of working assumption, “This does not preclude separate or additional bandwidth and location for initial DL BWP for RedCap UEs (FFS)”, we also propose to confirm this. In TDD system, the center frequency of DL BWP and UL BWP should be kept the same. When the SIB1-configured separate initial UL BWP for RedCap UEs is different from the initial UL BWP for non-RedCap devices, for example, for offloading purpose, to keep a same central frequency for initial DL and UL BWP for RedCap devices, the bandwidth and location for initial DL BWP for RedCap UEs will also be different from the initial DL BWP of non-RedCap device. Otherwise, frequent RF retuning between initial DL BWP and initial UL BWP during initial access is required. Thus, the initial DL BWP for RedCap UEs can be configured differently from the MIB-configured initial DL BWP, which should not be precluded from the working assumption. 
Proposal 1: Confirm the 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.
After initial access, with BWP#0 configuration option 1, a RedCap UE is not expected to operate with an initial DL BWP wider than the maximum RedCap UE bandwidth. With BWP#0 configuration option 2, the initial DL BWP can be configured by RRC and validates during and after initial access. There is no motivation that RRC-configured initial DL BWP is wider than the maximum RedCap UE bandwidth. 
Proposal 2: After initial access, for both BWP#0 configuration option 1 and 2, a RedCap UE is not expected to operate with an initial DL BWP wider than the maximum RedCap UE bandwidth.
Initial UL BWP
During initial access, the following two coexistence issues for RedCap UEs and non-RedCap UEs were discussed,
· A RACH occasion associated with the best SSB falls out of the RedCap UE bandwidth
· PUCCH (for Msg4/[MsgB] HARQ feedback) and/or PUSCH (for Msg3/[MsgA]) transmissions fall out of RedCap UE bandwidth
The main reason for above issues is that the initial UL BWP for non-RedCap UEs is configured to be wider than the RedCap UE bandwidth. Last meeting provided three options to deal with these coexistence issues. In the following, we compare the pros and cons of these options.
With option 1, a RedCap UE uses the same initial UL BWP, then RF retuning or dedicated msg3/PUCCH configuration is required. 
With RF retuning, UE can work at a larger bandwidth by shifting its center frequency at different symbols or slots. The coexistence problems can be solved, and since the PUCCH of RedCap devices are transmitted at the initial UL BWP edge, the same as non-RedCap devices, no dedicated PUCCH resources reserved in the middle of initial UL BWP, PUSCH resource fragmentation can be avoided. 
However, some symbols will be reserved as guard period when UE perform RF retuning, and it will reduce the demodulation performance of PUCCH and PUSCH. The intention of frequency hopping of such channel is to achieve frequency diversity and improve coverage, while RF retuning leads to the opposite effect. Thus, the performance loss of RF retuning should be carefully examined, the influence of retuning gap on spec needs to be considered.
Another problem is that, for some PUCCH formats using OCC, RedCap UEs and non-RedCap UEs can not perform multi-UE multiplexing since that the OCC of RedCap UEs and non-RedCap UEs is not orthogonal when some symbols of the PUCCH of RedCap UEs are dropped, which means separate PUCCH resources for RedCap and non-RedCap devices is desired. Thus, more spec handling such as early identification is desired to avoid multiplexing RedCap UEs and non-RedCap UEs on the same PUCCH resource. 
With respect to dedicated msg3/PUCCH configuration, early identification via Msg1 is necessary.. For example, when the frequency hopping of Msg3 is enabled and the hopping offset of RedCap UEs is the same as that of non-RedCap UEs, the hopping bandwidth of RedCap UEs may be larger than the maximum RedCap UE bandwidth since the hopping offset of Msg3 is calculated on the basis of initial UL BWP. As described in TS38.214, in case of intra-slot frequency hopping, the starting RB in each hop is given by:

	,






Then for RedCap devices, both the and  need to be dedicatedly configured, when  is larger than the RB number of 20MHz, for example,  can be replaced by the number of RBs corresponding to RedCap UE’s maximum bandwidth. Currently, is defined in by scaling with 1/2, 1/4, etc., it also needs to be modified with RB number of RedCap UE’s maximum bandwidth.
As analyzed above, dedicated Msg3/PUCCH configurations is similar as separate initial UL BWP when the separate initial UL BWP is configured within the initial UL BWP of non-RedCap UEs, both relying on dedicated resource configuration, but more spec impact is expected. Compared with separate initial UL BWP, the benefit of access capacity extension and traffic offloading are not achieved since bandwidth of RedCap UEs always falls within initial BWP.
With option 2, a separate initial UL BWP no wider than the RedCap UE maximum bandwidth is configured/defined for RedCap UEs. Separate initial UL BWP is a unified solution to deal with the above coexistence problems and naturally support early identification. When the separate initial UL BWP for RedCap are configured within the initial UL BWP for non-RedCap UEs, separate initial UL BWP is a similar solution as separate configurations for RedCap for option 1. The advantage of separate initial UL BWP is that it can reuse the BWP framework to simplify the configuration, therefore the spec effect can be reduced. When the separate UL initial BWP and initial UL BWP does not overlap, compared with option 1, separate initial UL BWP has additional benefit for access capacity extension and traffic offloading, which is useful when the number of access UEs is large.
For option 3, the scenario where the initial UL BWP for non-RedCap UEs is configured to be wider than the RedCap UE bandwidth is not allowed, it means constraint is put for gNB configuration that it is not allowed to configure a wider initial UL BWP for non-RedCap UEs when it serves both types of UE simultaneously. We think it should up to gNB to decide. So option 3 is not preferred.
Based on above analysis, option 2 is proposed. And gNB can decide whether to configure a wider BWP than maximum support BWP of RedCap when it serves both types of UEs. If it does, option 2 can be supported. If it does not, RedCap and non-RedCap UEs can share common initial UL BWP.
Proposal 3: 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, the following options is supported,
· 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.
After initial access, the initial UL BWP for non-RedCap UEs may be wider than the RedCap UE bandwidth, and the PUCCH/PUSCH issue also exists. Adopting unified solution for coexistence problems during and after initial access is preferred. 
Proposal 4: 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, the following options is supported:
· 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.
Non-initial BWP
It has been accepted as a working assumption that a RedCap UE cannot be configured with a non-initial (DL or UL) BWP wider than the maximum RedCap UE bandwidth at least for FR1 FG 6-1. With FG 6-1, UE-specific RRC configured BWP includes CORESET#0. The coexistence of RedCap UEs and non-RedCap UEs is enabled by configuring separate resources for RedCap UEs. For example, gNB configures time domain and frequency domain parameters of PRACH resources in SIB1, e.g. configuring the subframe number with prach-ConfigurationIndex and the starting PRB of PRACH resources with msg1-FrequencyStart-r16. 
Proposal 5: Confirm the 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.
With FG 6-x, separate initial BWP may do not contain CORESET0. For TDD scenario, the center frequency of initial DL BWP should be the same as initial UL BWP. When separate initial UL BWP that does not contain CORESET0 is configured, separate initial DL BWP also does not contain CORESET0. In this case, separate initial BWP can be used for capacity extension and offloading so as to relieve the pressure of SSB, SIB1, SI, paging reception of large amount of UEs on initial DL BWP. Thus, separate initial BWP that does not contain CORESET0 should be an optional capability for RedCap UEs.Center frequency
Proposal 6: Separate initial BWP that does not contain CORESET0 should be an optional capability for RedCap UEs.
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3. Conclusions
In this contribution, considerations on maximum UE bandwidth reduction features are discussed, and the following proposals are made.
Proposal 1: Confirm the 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.
Proposal 2: After initial access, for both BWP#0 configuration option 1 and 2, a RedCap UE is not expected to operate with an initial DL BWP wider than the maximum RedCap UE bandwidth.
Proposal 3: 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, the following options is supported,
· 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.
Proposal 4: 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, the following options is supported:
· 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.
Proposal 5: Confirm the 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.
Proposal 6: Separate initial BWP that does not contain CORESET0 should be an optional capability for RedCap UEs.
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