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Introduction
In RAN#92 WID on reduced capability has been updated in [1]. In RAN1#105-e several agreements related to BWP operation of RedCap UE has been agreed mostly as working assumption:

	Agreements: Replace the RAN1#104bis-e working assumption with the following working assumption (for option 1) and working assumption (for option 2):
· 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.
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  
Agreement:Take the following as an agreement, revised from the RAN1#104bis-e 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 mandatory RedCap UE type capability.
· This does not preclude support of FG 6-1a (“BWP operation without restriction on BW of BWP(s)” as described in TR 38.822) as a UE capability for RedCap UEs.

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)
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 believe that operation according to current WAs is feasible and WAs may be confirmed. 

Proposal-1: Confirm previously agreed working assumptions.
On operation of RedCap UEs in initial DL and UL BWP
RedCap Initial DL BWP
A common CORESET (i.e. CORESET configured with full ControlResourceSet IE ) is the significant overhead (45bits) in PDCCH-configCommon, and if configured, gNB cannot configure any further dedicated CORESET to the RedCap UE in initial DL BWP, given the minimum UE capability of max 2 CORESETs per BWP is kept. Therefore, it is better to serve common search space sets in CORESET#0 which is configured with modest overhead (4bits). Furthermore, in R15/R16, every PCell must have CORESET#0. Finally, Idle UE does not receive outside of CORESET#0 before receiving MSG4, and this restriction introduced in R15/R16 enables dedicated Idle mode hardware implementation.
Observation-1: In NR, idle UEs receive PDCCH and PDSCH only within BW of CORESET#0. CORESET#0 is mandatorily present in Pcell.
As shown, in Figure 1 – Case 1, a gNB may configure legacy CORESET#0 at the edge of wide BWP for non-RedCap UEs. This comes with restriction to gNB flexibility and does not allow for off-loading of RedCap UEs for RACH and paging. Therefore, we think it would be beneficial to allow separate CORESET#0 for the case when separate initial DL BWP is not overlapping with legacy CORESET#0, as shown in Figure 2 – Case 2. 
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Figure 1 Case 1: gNB configuration not allowing offloading for RACH and paging
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Figure 2 Case 2: gNB configuration allowing offloading for RACH and paging

Proposal-2: Separate initial DL BWP must contain CORESET#0 on a Pcell (as in legacy) 
· CORESET#0 determines reception BW until MSG4 (as in legacy)
· when separate initial DL BWP does not overlap with legacy CORESET#0 configured by MIB (Case2), it contains separate CORESET#0 for RedCap UEs. 

Camping and RACH on separate CORESET#0
RAN1#105 agreed that separate initial DL BWP can be used at least in RRC connected (as WA). It remains open whether to support such BWP during initial access and for camping. Case 1 implicitly supports paging as in legacy. For Case 2, three states could be configured (i) RRC connected only (ii) also for RACH (iii) also for paging and RACH. This is similar to NB-IoT non-anchor functionality as specified in Release 14. If legacy CORESET#0 and separate CORESET#0 is of the same size impact to UE implementation is minimal, and thus such restriction is preferred. 
Proposal-3: Whether RedCap UEs are able to camp and/or perform RACH in IDLE mode on separate CORESET#0 is configurable by the gNB.
Proposal-4: Legacy CORESET#0 (configured by MIB) and separate CORESET#0 (configured by SIB1) are restricted to be of the same size (in FD). 
· FFS length (in TD)
Configuration of separate initial BWP
For RedCap Initial DL BWP, a UE can be configured with separate initial DL BWP. Such separate initial BWP config should contain 

· BWP location is configured (16-bits)
· SCS/CP could be the same as for legacy initial DL BWP
· PDCCH config common
· CommonCORESET (optional 45bits)
· CORESET#0 config (mandatory on Pcell - 4bits)
· An offset in RBs of separate CORESET#0 (Case 2) is signaled from the beginning of separate initial DL BWP ( additional 7bits)
· common SS sets configurations can be reused from legacy initial DL BWP. (0bits)
· auxiliary SSB position, if applicable, having same offset from CORESET#0 as broadcast in MIB (for Case 2 only - 	`0bits)

· PDSCH config common
· reuse TDRA table by default (0bits)


If overhead of separate CommonCORESET is a concern, it could be reduced to 45->16bits for RedCap because Common CORESET larger than 96RB is not supported, on the other hand CommonCORESET is only optionally configured. In general, the configuration overhead of separate initial DL BWP could be as low as 16+7bits in addition to legacy initial DL BWP. 
Observation-2: Additional overhead to configure separate Initial DL BWP for RedCap UEs and CORESET#0 could be as low as 16 for configuring BWP location and size + offset of separate CORESET#0, if applicable. Rest of the parameters may be the same as for non-RedCap UEs.
· Note: “if applicable” means if separate initial DL BWP does not contain CORESET#0 configured by MIB

Proposal-5: gNB may configure at least location/size of separate Initial DL BWP and offset of separate CORESET#0 (if applicable) relative to the BWP.
· offset of auxiliary SSB, if applicable, relative to separate CORESET#0 is the same as indicated in MIB  
· Note: “if applicable” means if separate initial DL BWP does not contain cell defining SSB
RedCap Initial UL BWP
When it comes to initial UL BWP. For simplicity, we suggest that initial UL BWP is configured if gNB wants to early identify RedCap UEs or if gNB wants to have legacy UEs initial UL BWP greater than 20MHz . 
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Figure 3  UL operation with MSG1 early identification of RedCap UEs

However, gNB should be able to reuse RO configuration of legacy UEs to minimize system information overhead. In this case only frequency domain starting location (relative to start of separate initial UL BWP) of RO needs to be configured for the separate initial UL BWP. Redcap ROs may fully overlap with non-RedCap ROs, up to gNB configuration. Signalling optimization should be left up to RAN2. 
Proposal-6: For enabling MSG1 early identification of RedCap UEs, gNB configures separate RO that are non-overlapping with non-RedCap UE ROs in the initial UL BWP or separate initial UL BWP (if configured).
· Consider also reusing legacy RO configuration by configuring an RedCap-specific offset with respect to separate initial UL BWP. Details up to RAN2

On synchronization aspects
SSB within active BWP 
R15/R16 eMBB NR UE supports only the case where an active BWP comprises a SSB (with exception of SSB-less Scell). As part of optional feature (i.e. FG 6-1A) a UE may support active BWP not comprising a SSB. However, this would require changes to synchronization procedures of current implementations, and it would increase UEs complexity. UE would need to be capable of synchronization based purely on TRS, as well as support RRM RSRP/RSRQ measurements based on CSI-RS without SSB in the BWP (FG1-5a). This increasing complexity of Reduced capability UEs.

Observation-3: A RedCap UE not having SSB in active BWP would need to support at least optional features
· FG 6-1a including at least synchronization based purely on TRS, 
· RSRP/RSRQ measurements of serving cell based on CSI-RS (FG1-5a).
Assuming that RedCap UE supports only baseline capability BWP FG 6-1 (one dedicated BWP including SSB), it becomes trapped within BW of CORESET#0 and SSB in DL. This means that a gNB operating in 3.5Ghz band with 100MHz must serve all baseline RedCap UEs of the cell within BW overlapping with CORESET#0/SSB, i.e. the same resources that are used also for Idle paging, SIB broadcast and random access. 

Above congestion may be alleviated by configuring second/auxiliary SSB within agreed (as WA) RedCap initial DL BWP. Auxiliary SSB’s position could be pre-defined as proposed in Proposal-5 and thus does not cause additional RRC signaling overhead. Since SSB would be needed for RRC connected, having SSB transmitted also for camping Idle UEs should not be an issue. Auxiliary SSB does not indicate CORESET#0 nor SS#0, thus cannot be used for initial access by non-RedCap UEs.

Proposal-7: UE expects gNB to transmit auxiliary SSB within the BW of Redcap initial DL BWP, when separate initial DL BWP does not overlap with cell-defining SSB. 
Cell-specific and dedicated carrier in R16 and RF requirements
R15 and R16 assumption is that all UEs shall support 100MHz channel BW. Therefore, RAN4 defined RF requirements for each supported carrier BW in R15. If UE’s active BWP is smaller than 100MHz carrier, a UE may reduce its RF BW, still RF requirements for 100MHz apply. Therefore, first of all RF requirements are not dependent on BWP size and BWP must be located within the carrier. Secondly, RedCap UE would need to be configured with dedicated carrier after initial access, because it cannot operate in wide carrier, however, only a single dedicated carrier is supported by specification in R16. Therefore, R16 specification does not support multiple non-overlapping BWPs for UEs of limited BW at the moment, to our understanding multiple non-overlapping carriers would need to be introduced for RedCap UE.

Observation-4: R15 nor R16 specification supports multiple 20MHz wide non-overlapping carriers. For a band-limited UE, BWP change is possible only by means of RRC reconfiguration.  

Proposal-8: When a configured cell-specific carrier is larger than RedCap UE maximum supported BW, introduce possibility to configure multiple dedicated carriers for a RedCap UEs to enable dynamic BWP change with FGs 6-3 or 6-4. 
· dedicated carriers are of the same size and non-overlapping.
· inform RAN4 about this issue.
Conclusions 
In this contribution we discussed issues related to BWP framework for RedCap UE and we had the following observation and proposals:
Proposal-1: Confirm previously agreed working assumptions.
Observation-1: In NR, idle UEs receive PDCCH and PDSCH only within BW of CORESET#0. CORESET#0 is mandatorily present in Pcell.
Proposal-2: Separate initial DL BWP must contain CORESET#0 on a Pcell (as in legacy) 
· CORESET#0 determines reception BW until MSG4 (as in legacy)
· when separate initial DL BWP does not overlap with legacy CORESET#0 configured by MIB (Case2), it contains separate CORESET#0 for RedCap UEs. 
Proposal-3: Whether RedCap UEs are able to camp and/or perform RACH in IDLE mode on separate CORESET#0 is configurable by the gNB.
Proposal-4: Legacy CORESET#0 (configured by MIB) and separate CORESET#0 (configured by SIB1) are restricted to be of the same size (in FD). 
· FFS length (in TD)
Observation-2: Additional overhead to configure separate Initial DL BWP for RedCap UEs and CORESET#0 could be as low as 16 for configuring BWP location and size + offset of separate CORESET#0, if applicable. Rest of the parameters may be the same as for non-RedCap UEs.
· Note: “if applicable” means if separate initial DL BWP does not contain CORESET#0 configured by MIB
Proposal-5: gNB may configure at least location/size of separate Initial DL BWP and offset of separate CORESET#0 (if applicable) relative to the BWP.
· offset of auxiliary SSB, if applicable, relative to separate CORESET#0 is the same as indicated in MIB  
· Note: “if applicable” means if separate initial DL BWP does not contain cell defining SSB
Proposal-6: For enabling MSG1 early identification of RedCap UEs, gNB configures separate RO that are non-overlapping with non-RedCap UE ROs in the initial UL BWP or separate initial UL BWP (if configured).
· Consider also reusing legacy RO configuration by configuring an RedCap-specific offset with respect to separate initial UL BWP. Details up to RAN2

Observation-3: A RedCap UE not having SSB in active BWP would need to support at least optional features
· FG 6-1a including at least synchronization based purely on TRS, 
· RSRP/RSRQ measurements of serving cell based on CSI-RS (FG1-5a).
Proposal-7: UE expects gNB to transmit auxiliary SSB within the BW of Redcap initial DL BWP, when separate initial DL BWP does not overlap with cell-defining SSB. 

Observation-4: R15 nor R16 specification supports multiple 20MHz wide non-overlapping carriers. For a band-limited UE, BWP change is possible only by means of RRC reconfiguration.  

Proposal-8: When a configured cell-specific carrier is larger than RedCap UE maximum supported BW, introduce possibility to configure multiple dedicated carriers for a RedCap UEs to enable dynamic BWP change with FGs 6-3 or 6-4. 
· dedicated carriers are of the same size and non-overlapping.
· inform RAN4 about this issue.
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