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Introduction
[bookmark: _Hlk22834419]In RAN1 #106-e, the following agreements were made for bandwidth reduction techniques for RedCap UE:
	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.

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.

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.



This contribution discusses the support of RedCap UE with bandwidth reduction. 
Support of RedCap UEs with Reduced bandwidth
Separate initial DL BWP
There are several open issues remaining related to separate initial DL BWP. Summarized as below:
· Whether or not to support separate initial DL BWP for RedCap UE
· If supported, detail configurations of the separate initial DL BWP for RedCap UE
· CORESET and CSS for RACH
· CORESET and CSS for Paging
· CORESET and CSS for SI
· SSB/CORESET0
Overall, in order to keep the same centre frequency between initial DL BWP and initial UL BWP in TDD, and offloading data transmission on CORESET0 bandwidth, it is reasonable to support the separate initial DL BWP for RedCap.
For TDD, if center frequency is not the same, it more likely leads to Type 2 HD-FDD UEs in FDD, which requires RF retuning between UL and DL. This would bring high complexity on UE side, which should be avoided.
In addition, since maximum bandwidth of CORESET0 in FR1 is 17.28MHz, and small bandwidth of RedCap UE (i.e. 20MHz in FR1), frequency for data transmission is very limited. It will have impact on data transmission especially for those before UE connected mode, e.g. Msg2/4, and cause larger random access latency.
Moreover, multiple initial DL and UL BWPs can be configured to RedCap UEs to offload the traffic and avoid congestion. If multiple initial BWPs are supported, BWP switching during initial access can be considered. In this case, a RedCap UE can randomly select one of initial BWPs for PRACH transmission. 
Proposal #1: Support to configure separate initial DL BWP for RedCap UE.
Proposal #2: Consider to support the following:
· Multiple initial BWPs can be configured
· A RedCap UE can randomly select one of initial BWPs for PRACH transmission

Configuration details in separate initial DL BWP for RedCap UE are discussed as follow.
Paging
The main purpose of paging is to reach UEs in RRC_IDLE and RRC_INACTIVE mode through paging message, and to notify UEs in RRC_IDLE, RRC_INACTIVE and RRC_CONNECTED mode of system information change and ETWS/CMAS indications through Short Messages. 
In RRC_IDLE and RRC_INACTIVE mode, NR UE shall monitor the CSS for paging configured in SIB 1, which locates in MIB-configured CORESET0 bandwidth. For RedCap UE, if separated DL downlink BWP is not configured, Redcap UE can monitor the same CSS for paging as for non-RedCap UE within CORESET 0 bandwidth. If separate initial DL BWP is configured, and CSS for paging is configured in separated initial downlink BWPRedCap UE can monitor the CSS for paging in the separate initial DL BWP. When the separate initial DL BWP does not contain CORESET0, RF retuning is needed. If CSS for paging is not configured in separate initial DL BWP, RedCap UE can monitor the same CSS for paging as for non-RedCap UE within CORESET 0 bandwidth. 
In RRC_CONNECTED mode, since in current NR system, it is optional to configure CSS for paging in a downlink BWP. For SI update or ETWS/CMAS indications, it can be transmitted to UE in a UE-specific manner as supported in existing NR system.  For example, if needed, gNB could switch UE to active BWP that contain CSS of paging associated for paging receiving. Moreover, paging cycle range is rf32~ rf256, which means the BWP switching for paging monitoring doesn't need to be very frequently in general.
Proposal #3: CSS for paging can be configured in separate initial DL BWP for RedCap UE.
· If the CSS for paging is configured in the separate initial DL BWP, UE shall monitor paging in the separate initial DL BWP.
· If the CSS for paging is not configured in the separate initial DL BWP, UE does not monitor paging in the separate initial downlink BWP. UE shall monitor the CSS for paging configured for non-RedCap UE in CORESET 0 in RRC_IDLE and RRC_INACTIVE mode.

System information acquisition
For initial DL BWP, search space 0 is used for SIB1 and searchSpaceOtherSystemInformation is configured in SIB 1 for other SI. In current NR, if the field is absent, the UE does not receive other system information in this BWP.  Currently, all system information are transmitted in CORESET 0, which is no larger than RF BW of RedCap.  That is, there is no issue for RedCap UE to receive other system information in CORESET 0 in IDLE or inactive mode. Therefore, it is not necessary to configure search spacing for other system information in separate initial DL BWP. In this case, RedCap UE can share the search space for non-RedCap UE for other system information acquisition as well as SIB 1. 
In RRC_CONNECTED mode, UE monitors the search space in the active BWP. In NR, UE will monitor the search space for SIB, only when the active BWP contains CORESET0 for SIB 1 or OSI.  Otherwise, as discussed in above section, gNB can transmit SI in a UE specific manner or switch UE to the BWP contains COREST 0 and CSS for system information for SIB reception. 
Proposal #4: CSS for system information is not configured in separate initial DL BWP for RedCap UE if the separate initial DL BWP does not contains COREST 0.  

RACH
Different with paging and broadcast SI (which broadcast for all types of UEs), Msg2/4 can be sent separately for RedCap and non-RedCap UE for early identification for RedCap UE in Msg1. Moreover, there will be heavy load during initial access if all type of UEs monitor CORESET0. Thus, CSS for RACH with an additional CORESET can be configured for scheduling of RACH (Msg2/4) in the separate initial DL BWP. Even this separate initial DL BWP contains CORESET 0, a separate CSS and COREST for RACH for RedCap UE can be configured in the separate initial DL BWP, in additional to CSS for non-RedCap UE. This separate CSS for RedCap UE can be used by gNB to separate transmit RAR for RedCap UE and non-RedCap UE. 
Proposal #5: Additional CORESET and search space is configured for scheduling of RACH (msg2 & msg4) messages for RedCap UEs in a separate initial DL BWP. 

SSB
In NR system, there is only one CD-SSB in a cell, which is used for serving cell measurement. It may not be feasible to configure a NCD-SSB for serving cell measurement, or will create additional complexity at both UE side and gNB side. For example, if there is more than one SSB for the serving cell, the measurement results might be different based on CD-SSB and NCD-SSB. All the related behavior needs to be revisited, e.g., trigger event, camp on criterion needs to be revisited, as well as RLM. 
· Moreover, SSB is not necessary for paging or RAR reception: After receiving CD-SSB, and SIB1, UE can switch to the separate SIB-configured initial DL BWP for the initial access. CD-SSB can be used for RO mapping and msg1/3/PUCCH power control, as in current spec. 
· For paging, (if supported in separate initial DL BWP), UE can perform serving cell measurement based on CD-SSB and then retune to separate initial DL BWP for paging if supported.  On the other hand, current paging cycle is {rf32, rf64, rf128, rf256}, and based on power saving study item, 50 units can be assumed for RF retuning, which is quite low comparing with DL reception. The power consumption impact is acceptable comparing the required other impacts, e.g., specification impact, additional complexity, system overhead, to support additional SSB transmission in separate DL BWP. 

Proposal #6: SSB is not transmitted in separate initial DL BWP if the separate initial DL BWP does not contain CORESET 0. 

Other configuration detail for separate initial DL BWP
In scenario that initial BWP overlapping with separate initial BWP, additional guard band is needed if those two initial BWP have different subcarrier spacing. Moreover, if separate initial DL BWP includes all RBs of COREET0, it can reuse CORESET0 for common channel monitoring if initial DL BWP and separate initial DL BWP have same SCs and CP length.
Proposal# 7: Separate initial DL BWP shall have same SCs and CP length configuration with initial DL BWP.
Separate initial UL BWP
The latest proposal in FL summary is as below:
High Priority Proposal 3.1-1f: Confirm the following modified version of the working assumption from RAN1#105-e:
· 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.
· If a separate initial DL BWP is configured, the centre frequency is assumed to be the same for the separate initial DL BWP and the separate initial UL BWP in TDD.
· If a separate initial DL BWP is not configured, the centre frequency is assumed to be the same for the MIB-configured initial DL BWP and the separate initial UL BWP in TDD.
· FFS whether or not to additionally support the case when the center frequency is different between the separate initial UL BWP and the initial DL BWP, and, if so, how to minimize center frequency retuning
In our understanding, one of the most important motivation to support separated initial DL BWP is to ensure UL and DL centre frequency alignment for TDD system. Therefore, we support the principle of this proposal. And we don’t think it is needed to add the FFS to complicate the operation of RedCap UE. 
Proposal #8: Confirm the following modified version of the working assumption from RAN1#105-e:
· 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.
· If a separate initial DL BWP is configured, the centre frequency is assumed to be the same for the separate initial DL BWP and the separate initial UL BWP in TDD.
· If a separate initial DL BWP is not configured, the centre frequency is assumed to be the same for the MIB-configured initial DL BWP and the separate initial UL BWP in TDD.
In RAN 1# 106-e, it was agreed to disable FH of PUCCH for Msg 4. There is a working assumption to disable it in SIB. We think the UL resource fragmentation is a semi-static issue, not for one UL transmission. Therefore, we don’t see the motivation to support PUCCH for Msg 4 disable in DCI. An new IE can be introduced in PUCCH-ConfigCommon, to disable PUCCH frequency hopping for Msg 4. 
Proposal #9: Confirm the working assumption: Working assumption: The frequency hopping is enabled/disabled at least via SIB.
Conclusion
In this paper, separate initial UL and DL BWP for RedCap UE is discussed. The following proposals were made:
Proposal #1: Support to configure separate initial DL BWP for RedCap UE.
Proposal #2: Consider to support the following:
· Multiple initial BWPs can be configured
· A RedCap UE can randomly select one of initial BWPs for PRACH transmission 
Proposal #3: CSS for paging can be configured in separate initial DL BWP for RedCap UE.
· If the CSS for paging is configured in the separate initial DL BWP, UE shall monitor paging in the separate initial DL BWP.
· If the CSS for paging is not configured in the separate initial DL BWP, UE does not monitor paging in the separate initial downlink BWP. UE shall monitor the CSS for paging configured for non-RedCap UE in CORESET 0 in RRC_IDLE and RRC_INACTIVE mode.
Proposal #4: CSS for system information is not configured in separate initial DL BWP for RedCap UE if the separate initial DL BWP does not contains COREST 0.  
Proposal #5: Additional CORESET and search space is configured for scheduling of RACH (msg2 & msg4) messages for RedCap UEs in a separate initial DL BWP. 
Proposal #6: SSB is not transmitted in separate initial DL BWP if the separate initial DL BWP does not contain CORESET 0. 
Proposal #7: Separate initial DL BWP shall have same SCs and CP length configuration with initial DL BWP.
Proposal #8: Confirm the following modified version of the working assumption from RAN1#105-e:
· 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.
· If a separate initial DL BWP is configured, the centre frequency is assumed to be the same for the separate initial DL BWP and the separate initial UL BWP in TDD.
· If a separate initial DL BWP is not configured, the centre frequency is assumed to be the same for the MIB-configured initial DL BWP and the separate initial UL BWP in TDD.
Proposal #9: Confirm the working assumption: Working assumption: The frequency hopping is enabled/disabled at least via SIB.
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