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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#91e, the updated RedCap WID [1] was agreed. One objective is to specify support of 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 this contribution, we provide analysis on the reduced UE bandwidth and focus on initial BWPs for RedCap UEs. 
Discussion
Initial DL BWP
Two agreements in RAN1#106e were attained for initial DL BWP for RedCap UEs, 
Agreement 
Replace the RAN1#104bis-e working assumption with the following agreement:
· During initial access, the bandwidth of the initial DL BWP for RedCap UEs is not expected to exceed the maximum RedCap UE bandwidth.
· RedCap UEs and non-RedCap UEs can share the same MIB-configured initial DL BWP (including the bandwidth and location).
· 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).
 Agreement
 Confirm the following working assumptions from RAN1#105-e:
· 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.
· 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.
It has been a long discussion if introducing a separate initial DL BWP for RedCap UEs. From our perspective, the motivations of separate initial DL BWP include center frequency alignment in TDD, minimize PUSCH resource fragmentation, and offloading.
In TDD, center frequency alignment is needed for initial DL and UL BWPs after initial access (it is not mandatory for initial DL BWP defined by MIB-configured CORESET#0 and the initial UL BWP). When the initial UL BWP for RedCap UEs is configured in frequency position that deviates the position of MIB-configured CORESET#0, e.g., in the carrier edge to minimize PUSCH resource fragmentation, it might not be possible to have aligned initial UL BWP and an initial DL BWP that contains MIB-configured CORESET#0. Therefore, a separate initial DL BWP shall be configured for the ReCap UE and it has same center frequency with the initial UL BWP. 
Another motivation is offloading. When the PDCCH capacity becomes an issue for MIB-configured CORESET#0, the RedCap UEs can be offloaded to a separate initial DL BWP to reduce the impacts to the non-RedCap UEs. 
For both cases, an additional CORESET shall be configured in the separate initial DL BWP for transmitting control channels for RedCap UEs.  For the case of offloading, the CSS for RA shall be configured for RedCap UEs in the separate initial DL BWP, while for the case of separate initial DL BWP configured for center frequency alignment,  technically the CSS for RA can be optionally configured. The UE could retune to the MIB-configured CORESET#0 to receive DL channels in RA procedure if CSS for RA is not configured in the separate initial DL BWP. The power consumption might be increased slightly due to frequency retuning, but is not expected to be a severe issue from our perspective since RA is not frequently happened. Similarly, the CSS for paging could be optionally configured in the separate initial DL BWP. 
If offloading is not needed, and if PUSCH resource fragmentation is not an issue, a separate initial DL BWP for RedCap UEs can be configured to contain MIB-configured CORESET#0. This aligns with the legacy principle of having CORESET#0 included in the initial DL BWP. When the UE turns to RRC connected, the initial DL BWP could be configured as active BWP based on RRC configuration. The MIB-configured CORESET#0 is shared by RedCap and non-RedCap UEs in this case. The CSSs can also be shared, or the gNB can optionally configure dedicated CSSs for RedCap UEs.  
We have following proposals on separate initial DL BWP for RedCap UEs, 
Proposal 1: It is supported to have network configured separate initial DL BWP for RedCap UEs.
Proposal 2: The separate initial DL BWP can be configured to contain MIB-configured CORESET#0, in which case the CORESET#0 is shared by RedCap and non-RedCap UEs. The CSSs for RedCap UEs can be optionally configured in MIB-configured CORESET#0.  
Proposal 3: The separate initial DL BWP can be configured Not to contain MIB-configured CORESET#0, in which case an additional CORESET is configured for RedCap UEs. The CSSs for RedCap UEs can be optionally configured in the additional CORESET.
Another point is if SSB is always expected in RedCap separate DL BWP from the UE point of view. We share the view that for a RedCap UE in connected mode in an RRC configured active BWP, if it does not support operation without SSB, the UE expects the SSB is always transmitted in the active BWP. The UE optionally support operation without SSB shall not expect the SSB transmission in the RRC configured active BWP.  
For RRC idle/inactive UE, whether SSB is always expected in the separate initial BWP might depend on if the measurement of the (CD-)SSB outside of the separate initial DL BWP is accurate enough for e.g., t/f sync. for PEI and paging PDCCH reception, RO association, etc. Besides, frequency retuning is needed after SSB measurement to perform RA/paging, which will increase the UE power consumption, but it is not expected to be a severe issue since SSB measurement is not frequently happened in idle/inactive mode.
Proposal 4: For RedCap UE in RRC connected mode, whether the UE can expect SSB transmission in the RRC configured active DL BWP depends on UE capabilities.
Proposal 5: For RedCap UE in RRC idle/inactive, whether the UE can expect  SSB transmission in the separate initial DL BWP depends the measurement accuracy of SSB outside of separate initial DL BWP. 
Initial UL BWP
RAN1#106e agreed to have separate initial UL BWP to enable/support RO associated with the best SSB falls within the RedCap UE BW.
Agreement:
Confirm the following working assumption from RAN1#105-e regarding RACH occasions.
· 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.
RAN1#106e also agreed to have configured enable/disable of PUCCH frequency hopping HARQ feedback for Msg4/MsgB to minimize PUSCH resource fragmentation,
Agreement
· In case a separate initial UL BWP is configured for RedCap UEs, it is supported that the network can enable/disable intra-slot PUCCH frequency hopping within the separate initial UL BWP in the PUCCH resource for HARQ feedback for Msg4/MsgB for RedCap UEs.
· Working assumption: The frequency hopping is enabled/disabled at least via SIB.
Besides, there are following working assumptions in RAN1#105e on the scenarios where a separate initial UL BWP needs to be configured to the UE.
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 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)
To move forward, we prefer to confirm the above working assumptions for initial UL BWP for RedCap UEs. It is noted the two FFS in the working assumptions on minimize PUSCH resource fragmentation, “FFS: whether/how to avoid or minimize PUSCH resource fragmentation due to PUCCH transmission for the above case”, and “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)” have been solved to some extent by RAN1#106e agreements on PUCCH frequency hopping, therefore they could be revised or removed. 
Proposal 6: Confirm the working assumptions in RAN1#105-e regarding initial UL BWP for RedCap UEs. 
Based on the working assumptions, when a separate initial UL BWP is configured/defined for the RedCap UEs, the RedCap UEs might share the ROs for non-RedCap UEs. RO sharing between RedCap and non-RedCap UEs achieves lower RACH overhead and is appealing in case RACH capacity is not an issue. RO sharing is achieved naturally when the separate initial UL BWP for RedCap UEs contains legacy ROs for non-RedCap UEs. While in case the separate initial UL BWP for RedCap UEs does not contain the legacy ROs, it is still feasible to share the legacy ROs for non-RedCap UEs by transmitting Msg1 from a legacy RO and then performing RF retuning to the separate initial UL BWP for transmitting Msg3 in the RA procedure. 
Proposal 7: ROs can be optionally configured in the separated initial UL BWP.
Proposal 8: If the separate initial UL BWP for RedCap UEs does not contain ROs, RO sharing between non-RedCap UEs and RedCap UEs is achieved by RedCap UEs transmitting Msg1 in one legacy RO and then performing RF retuning to the separate initial UL BWP. 
Association of initial DL BWP and initial UL BWP
From above discussions, it could be observed that depending on scenarios, the gNB might configure only separate initial DL BWP, or only separate initial UL BWP or both separate initial DL BWP and initial UL BWP for RedCap UEs. These correspond to the following cases for initial BWPs association,  
· Case1: an initial UL BWP for both RedCap and non-RedCap UEs is associated with an initial DL BWP for non-RedCap UEs and an initial DL BWP for RedCap UEs.
· Case 2: an initial DL BWP for both RedCap and non-RedCap UEs is associated with an initial UL BWP for non-RedCap UEs and an initial UL BWP for RedCap UEs. 
· [bookmark: _Hlk78875149]Case 3: an initial UL BWP for non-RedCap UE is associated with an initial DL BWP for non-RedCap UEs.  
The initial access procedure might be impacted and should be studied in these cases. The study could be from the aspects of e.g., whether CORESET#0 is shared between RedCap UEs and non-RedCap UEs, whether ROs are shared between RedCap UEs and non-RedCap UEs, etc.
Proposal 9: Study initial access for RedCap UEs for the following three cases, 
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Case1: an initial UL BWP for both RedCap and non-RedCap UEs is associated with an initial DL BWP for non-RedCap UEs and an initial DL BWP for RedCap UEs.
· Case 2: an initial DL BWP for both RedCap and non-RedCap UEs is associated with an initial UL BWP for non-RedCap UEs and an initial UL BWP for RedCap UEs. 
· Case 3: an initial UL BWP for non-RedCap UE is associated with an initial DL BWP for non-RedCap UEs.  
Conclusions
As a summary, we have the following proposals on the initial DL BWP and initial UL BWP for RedCap UEs,
Proposal 1: It is supported to have network configured separate initial DL BWP for RedCap UEs.
Proposal 2: The separate initial DL BWP can be configured to contain MIB-configured CORESET#0, in which case the CORESET#0 is shared by RedCap and non-RedCap UEs. The CSSs for RedCap UEs can be optionally configured in MIB-configured CORESET#0.  
Proposal 3: The separate initial DL BWP can be configured Not to contain MIB-configured CORESET#0, in which case an additional CORESET is configured for RedCap UEs. The CSSs for RedCap UEs can be optionally configured in the additional CORESET.
Proposal 4: For RedCap UE in RRC connected mode, whether the UE can expect SSB transmission in the RRC configured active DL BWP depends on UE capabilities.
Proposal 5: For RedCap UE in RRC idle/inactive, whether the UE can expect  SSB transmission in the separate initial DL BWP depends the measurement accuracy of SSB outside of separate initial DL BWP. 
Proposal 6: Confirm the working assumptions in RAN1#105-e regarding initial UL BWP for RedCap UEs. 
Proposal 7: ROs can be optionally configured in the separated initial UL BWP.
Proposal 8: If the separate initial UL BWP for RedCap UEs does not contain ROs, RO sharing between non-RedCap UEs and RedCap UEs is achieved by RedCap UEs transmitting Msg1 in one legacy RO and then performing RF retuning to the separate initial UL BWP. 
Proposal 9: Study initial access for RedCap UEs for the following three cases, 
· Case1: an initial UL BWP for both RedCap and non-RedCap UEs is associated with an initial DL BWP for non-RedCap UEs and an initial DL BWP for RedCap UEs.
· Case 2: an initial DL BWP for both RedCap and non-RedCap UEs is associated with an initial UL BWP for non-RedCap UEs and an initial UL BWP for RedCap UEs. 
· Case 3: an initial UL BWP for non-RedCap UE is associated with an initial DL BWP for non-RedCap UEs.   
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