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Introduction
In RAN1#106 intense discussion was carried regarding confirmation of the following WA:
	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




The controversial topics were:
· Mandatory presence of an SSB in an active BWP, as per legacy baseline BWP feature 6-1
· Delivery of Paging, SIB1, OSI and RAR in common search-spaces to UE

In this contribution, we clarify several aspects of R15/R16 NR BWP framework and show that with minor specification effort the R15/R16 BWP framework can be reused for RedCap UEs.    
On purpose of separate Initial DL BWP
Separate Initial DL BW for RedCap UEs has been introduced in RAN1 for several reasons 
· to enable the case when SIB1-configured Initial DL BWP for non-RedCap UEs is greater than 20MHz in FR1.  
· to enable the same center frequency between (separate) initial DL and UL BWPs in TDD operation 
· to enable placing an initial UL BWP to the edge of carrier to mitigate resource fragmentation of non-RedCap UEs 
· [to enable offloading from BW of CORESET#0].

However, irrespective of the reason for configuring such separate initial DL BWP, using R15/R16 baseline gNB may configure separate initial DL BWP such that it includes SSB and CORESET#0 in TDD and or FDD. The TDD case is shown in Figure 1. It can be seen that all the above reasons (except of offloading) have been full-filled, and no further agreements or discussions are strictly necessary in RAN1, if offloading is NOT supported.
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Figure 1 Separate initial DL BWP for RedCap operation according to R15/R16 legacy BWP framework (TDD).  

Observation-1: gNB may configure a separate Initial DL BWP for RedCap UEs according to R15/R16 principles
· SSB and CORESET#0 are included in the BWP
· CSS by pdcch-ConfigCommon is part of the BWP and SIB1/OSI/Paging/RAR may be the same as for non-RedCap UEs

Observation-2: NR R17 (based on current working assumptions) supports separate Initial DL BWP for RedCap UEs (max BW 20Mhz in FR1) at least when the BWP contains CORESET#0 by MIB and cell-defining SSB on a PCell. 
The baseline R15/R16 BWP framework, however, does not allow for offloading of RedCap UEs from the CORESET#0 BW (as shown in Figure 2), because CORESET#0 by MIB must be present in every initial DL BWP on PCell (broadcasting SIB1) according to TS38.331. Moreover, UE with baseline BWP capabilities requires an SSB and CORESET#0 to be present in the active BWP as per FG 6-1, which has been agreed in RAN1#105 to apply also for R17 Redcap UEs.
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Figure 2 Separate Initial DL BWP for RedCap UE offloading
Support of offloading
To support offloading for RedCap UEs by means of separate initial DL BWP not overlapping with CORESET#0/CD-SSB, further discussion would be needed in RAN1 and RAN2. It would need to be clarified how UE receives SIB1/OSI/RAR/paging in BWP without CORESET#0 by MIB and whether an additional non-cell-defining SSB shall be transmitted in such BWP without the CORESET#0.   
CORESET#0 and pdcch-ConfigCommon in separate Initial DL BWP for RedCap UEs
While CORESET#0 by MIB shall be present in initial DL BWP on PCell in legacy, this is clearly infeasible when it comes to RedCap UE offloading, because CORESET#0 by MIB is the only one. Nevertheless, NR BWP framework is prepared for this scenario, and gNB may configure common CORESET(s) in pdcch-Config Common. When gNB wants to offload RedCap UEs to different BW, it should respect the basic principles of NR. This mean that if gNB does not provide common search-space on the BWP, UE does not monitor for the particular message when BWP is active. This is a choice of gNB and well captured in TS38.331 as shown in Figure 3. In addition, gNB may deliver SI (or SI update) and paging in user-specific way using dedicated RRC, and UE may autonomously switch to initial DL BWP for RACH if RACH-config is not configured in the active BWP. 
  
[image: ]
Figure 3 RAN2 principles on delivery of SIB1, RAR, OSI, Paging

Proposal-1: If RedCap UE offloading within carrier is supported in R17, remove restriction on mandatory presence of CORESET#0 by MIB in active BWP on a PCell, UE monitors for CSS (if configured) in commonCORESET(s) configured by pdcch-ConfigCommon with the following R15/R16 principles 
· RedCap UE does not monitor for SIB1 in an active BWP if not provided with searchSpaceSIB1 in that BWP 
· RedCap UE does not monitor for OSI in an active BWP if not provided with searchSpaceOtherSystemInformation in that BWP
· RedCap UE does not monitor for paging in active BWP if not provided with pagingSearchSpace in that BWP
· RedCap UE does not monitor for RAR in an active BWP if not provided with ra-SearchSpace in that BWP
  
SSB in separate Initial DL BWP for RedCap UEs
R17 RedCap UE (based on RAN1#105 agreement) mandatorily supports only the case where an active BWP comprises an SSB. As part of optional feature (i.e. FG 6-1A), a RedCap UE may support active BWP not comprising a SSB. However, this would require changes to synchronization procedures of current implementations, which would increase RedCap UE’s complexity and power consumption. UE would need to be capable of synchronization and beam management based purely on TRS. Alternatively, gaps for reception of serving-cell SSB outside of active BWP would need to be introduced for synchronization and RLM/RRM measurement.  

Using the later approach, RedCap UE should retune outside of active BWP in RRC connected, if the UE needs to receive a serving cell SSB burst during a contiguous gap covering SSB burst (i.e. UE does not receive/transmit in active BWP during the gap). While feasible, this would result in additional power consumption from frequent retuning, loss of throughput for RedCap UE due to gaps and additional specification overhead to define new type of gaps. 

On the other hand, spectral efficiency impact from additional NCD-SSB is insignificant. For a typical TDD deployment case shown in Table 1. An overhead for additional NCD-SSB would be ~0.8%. This is clearly an insignificant impact to non-RedCap TDD eMBB UE. 


Table 1 Typical deployment on 100MHz band
	Parameter
	Value

	Channel BW
	273RB (100MHz, 30kHz SCS)

	NCD-SSB overhead
	20RB and 4 symbols

	#of SSBs in burst
	8

	Periodicity of SSB burst
	40 slots (30kHz)

	TDD split
	50%



Based on above discussion , we have the following proposal:

Proposal-2: If RedCap UE offloading within carrier is supported in R17, at least in RRC connected mode and in RedCap UE’s active BWP, a RedCap UE with baseline capability expects gNB to transmit an SSB within the active BWP. 
· Note: This is the same as for R15/R16 UE


Conclusions 
To progress with the design of separate initial DL BWP for RedCap UEs in RAN1 and RAN2, RAN plenary shall discuss whether offloading of RedCap from CORESET#0 and cell-defining SSB of a cell is supported in R17, and if deemed supported the following conditions shall apply
Proposal-1: If RedCap UE offloading within carrier is supported in R17, remove restriction on mandatory presence of CORESET#0 by MIB in active BWP on a PCell, UE monitors for CSS (if configured) in commonCORESET(s) configured by pdcch-ConfigCommon with the following R15/R16 principles 
· RedCap UE does not monitor for SIB1 in an active BWP if not provided with searchSpaceSIB1 in that BWP 
· RedCap UE does not monitor for OSI in an active BWP if not provided with searchSpaceOtherSystemInformation in that BWP
· RedCap UE does not monitor for paging in active BWP if not provided with pagingSearchSpace in that BWP
· RedCap UE does not monitor for RAR in an active BWP if not provided with ra-SearchSpace in that BWP

Proposal-2: If RedCap UE offloading within carrier is supported in R17, at least in RRC connected mode and in RedCap UE’s active BWP, a RedCap UE with baseline capability expects gNB to transmit an SSB within the active BWP. 
· Note: This is the same as for R15/R16 UE
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PpagingSearchSpace
D of the Search space for paging (see TS 38.213 [13], clause 10.1). If the field is absent, the UE does not receive paging in this BWP (see TS 38.213 [13), clause 10)

ra-SearchSpace
D of the Search space for random access procedure (see TS 38.213 [13], clause 10.1). If the field is absent, the UE does not receive RAR in this BWP. This field is mandatory
present in the DL BWP(s) if the conditions described in TS 38.321 [3], subclause 5.15 are met

searchSpaceOtherSysteminformation
D of the Search space for other system information, i.e., SIB2 and beyond (see TS 38.213 [13], clause 10.1) I the field is absent, the UE does not receive other system
information in this BWP.

searchSpaceSIBT
D of the search space for SIB1 message. I the initial DL BWP of the UE's PCell, the network sets this field to 0. If the field is absent, the UE does not receive SIB1 in this
BWP. (see TS 38.213 [13], clause 10)
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