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Introduction
In RAN#93, RAN discussed aspects of separate initial DL BWP for RedCap UEs based on [1] and returned the discussion to RAN1. Moreover, there has not been consensus in plenary to support offloading from CORESET#0/CD-SSB by means of separate initial DL BWP. In RAN1#106b, some progress has been achieved by sending LS to RAN2/4, but offloading support has still not been agreed. Final feature lead summary can be found in [2]
On separate Initial DL BWP
	Working Assumption
· For a cell that allows a RedCap UE to access, network can configure a separate initial DL BWP for RedCap UEs in SIB.
· Working assumption: It can be used during initial access
· It can be used after initial access.
· It is no wider than the maximum RedCap UE bandwidth.
· FFS: It is always configured if the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth.
· This applies to both TDD and FDD (including FD FDD and HD FDD) cases.
· Working assumption: It applies at least after initial access for FR1 when MIB configured CORESET#0 is included




We agreed (as WA) that separate initial DL BWP is supported at least for the case in Figure 1 and at least after initial access. During initial access, a UE may receive within CORESET#0 (if included) as in legacy R15/R16, but separate Initial DL BWP shall be configured in SIB1 if initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth. This is the same principle as used in Release 15/16 for regular initial DL BWP. This means that irrespective of Option 1 or Option 2, separate initial DL BWP is always configured as it includes e.g. pdcch-ConfigCommon, but reception is limited to BW of CORESET#0, no changes to this. 
Proposal-1: Confirm WA as the following
· For a cell that allows a RedCap UE to access, network can configure a separate initial DL BWP for RedCap UEs in SIB.
· It can be used during initial access
· It can be used after initial access.
· It is no wider than the maximum RedCap UE bandwidth.
· FFS: It is always configured if the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth.
· This applies to both TDD and FDD (including FD FDD and HD FDD) cases.
· It applies at least after initial access for FR1 when MIB configured CORESET#0 is included
· until MSG4, UE receives only within BW of MIB configured CORESET#0


[image: ]
Figure 1 Separate initial DL BWP for RedCap operation according to R15/R16 legacy BWP framework (TDD).  
Support of offloading in DL
Regarding offloading from CORESET#0 case, LS with questions have been sent to RAN2/4, asking mainly about how UE may perform RLM, RLF, RRM, beam management in Connected mode and cell-reselection and RRM in IDLE/Inactive mode.
	Agreement
· Send an LS to RAN2 and RAN4 to ask about using NCD-SSB instead of CD-SSB for idle/inactive/connected mode procedures for serving and non-serving cells for a Rel-17 RedCap UE operating with an initial or non-initial DL BWP not containing CD-SSB.
· Draft the LS until Tuesday 19th October.
· Indicate in the LS that a response is needed before RAN1#107-e.
· Indicate in the LS both option 1 and option 2
Agreement
With below revision, draft R1-2110599 is endorsed in principle
1. [RAN2/4] whether it is feasible for a RedCap UE to retune to a CD-SSB rather than use an NCD-SSB of larger periodicity
1. Remove the blue part of questions
1. [RAN2/4] if neither NCD-SSB nor CD-SSB is not transmitted in the initial/non-initial DL BWP of RedCap UE, whether it is feasible to transmit periodic CSI-RS for UE to use as an alternative of SSB in the initial/non-initial BWP of RedCap UE or rely on UE performing RF retuning as in measurement gap outside active BWP for BWP without SSB nor CORESET#0 operation, for idle/inactive/connected mode
Final LS R1-2110600 is endorsed




[image: ]
Figure 2 Separate Initial DL BWP for RedCap UE offloading

Furthermore, to support offloading (as in Figure 2) for RedCap UEs by means of separate initial DL BWP not overlapping with MIB-CORESET#0/CD-SSB, further discussion is needed. It would need to be also clarified how UE receives (if supported) SIB1/OSI/RAR/paging in BWP without MIB-CORESET#0 and whether an additional (non-cell-defining) NCD-SSB shall be transmitted in such BWP without the MIB-CORESET#0. 
RLM, RLF and Beam management in RRC connected
In our understanding RLM in section 8.1 of 38.133 does not differentiate between CD and NCD SSB and moreover says that RLM-RS shall not be outside active BWP. It is just a matter of defining RLM Detection resources. This means that RLM config would indicate SSB indices as Detection Resource of the NCD-SSB present in the active BWP when NCD-SSB configured to a RedCap UE, i.e. based on current specification, NCD-SSB would be used automatically.  

Observation-1: RLM, RLF and Beam failure is currently supported based on CD or NCD SSB within active BWP.
Cell re-selection and RRM measurements
RRM measurement are currently performed only on cell-defining SSB as UE needs to read SIBs of other cells for potential barring, etc. And this principle can remain the same for RedCap UEs in R17, a measurement gap outside active BWP is already supported in RRC connected. When it comes to cell re-selection, a RedCap UE can perform this based on cell-defining SSB and camping on CORESET#0 in IDLE otherwise. This would be sufficient for Rel-17 and we can discuss improvements in Rel-18.

Proposal-2: In Rel 17, a Redcap UE performs RRM measurement and re-selection based on cell-defining SSB.  
CORESET#0 and pdcch-ConfigCommon in separate Initial DL BWP for RedCap UEs in RRC connected
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-ConfigCommon. 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-3: 
· If RedCap UE offloading from MIB-CORESET#0/CD-SSB 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 in RRC connected 
· 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
· UE may autonomously switch to initial DL BWP/CORESET#0 to perform RACH if RACH-config is not configured in the active BWP
· In IDLE/INACTIVE mode, UE receives CSS on CORESET#0/CommonCORESET in R17.

SSB in separate Initial DL BWP for RedCap UEs in RRC connected
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, in addition it 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 (Option 1 in LS).  

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 with additional capability, 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 peak data rates. 

Table 1 Typical deployment on 100MHz band
	Parameter
	Value

	Channel BW
	106RB (40MHz, 30kHz SCS)

	NCD-SSB overhead
	20RB and 4 symbols

	#of SSBs in burst
	8

	Periodicity of SSB burst
	40 slots (30kHz)

	TDD split
	50%



Observation-2: Given
· periodicity of 40ms or more 
· 40MHz channel BW or more
· maximum number of transmitted beams
· and 50% TDD split
the system overhead from additional SSB burst for RedCap UEs is <1%
Proposal-4: Support Option 2 in RAN1 LS R1-2110600 for offloading, except, do not support camping/ idle-paging on separate initial DL BWP in R17 as proposed in P3.
Configuration of separate initial DL BWP (impacts RAN2)
	[bookmark: _Hlk83196984]BWP-DownlinkCommon ::= SEQUENCE {
genericParameters BWP,
pdcch-ConfigCommon SetupRelease { PDCCH-ConfigCommon } OPTIONAL, -- Need M
pdsch-ConfigCommon SetupRelease { PDSCH-ConfigCommon } OPTIONAL, -- Need M
...
}



If UE can be configured with separate initial DL BWP InitialDownlinkBWP-RedCap by BWP-DownlinkCommon, it should contain 
· BWP location is configured (16-bits)
· SCS/CP could be the same as for legacy initial DL BWP
· PDCCH-configCommon
· CommonCORESET (optional 45bits) and/or
· separate CORESET#0 for RedCap (e.g. relative to BWP start reusing 4bits)

In addition, ServingCellConfig should allow for configuration of one (in R17) NCD-SSB within resources of InitialDownlinkBWP-RedCap 
· NCD-SSB
· position, e.g. delta NR EARFCN from CD SSB (8bits)
· periodicity (3bits)

Proposal-5: 
· In InitialDownlinkBWP-RedCap a gNB shall configure at least 
· location/size of separate Initial DL BWP 
· separate CORESET#0 for RedCap and/or commonCORESET
· In ServingCellConfig a gNB shall configure auxiliary NCD-SSB for RedCap UEs, if InitialDownlinkBWP-RedCap is used in RRC connected for a RedCap UE.
RedCap Initial UL BWP
RAN1#106b agreement
	Agreement
· For a cell that allows a RedCap UE to access, network can configure a separate initial UL BWP for RedCap UEs in SIB
· It can be used both during and after initial access.
· It is no wider than the maximum RedCap UE bandwidth.
· It is always configured if the initial UL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth
· This applies to both TDD and FDD (including FD FDD and HD FDD) cases
· FFS whether part of the configuration is implicitly signaled



Configuration of initial UL BWP
	BWP-UplinkCommon ::= SEQUENCE {
genericParameters BWP,
rach-ConfigCommon SetupRelease { RACH-ConfigCommon } OPTIONAL, -- Need M
pusch-ConfigCommon SetupRelease { PUSCH-ConfigCommon } OPTIONAL, -- Need M
pucch-ConfigCommon SetupRelease { PUCCH-ConfigCommon } OPTIONAL, -- Need M
...,
[[
rach-ConfigCommonIAB-r16 SetupRelease { RACH-ConfigCommon } OPTIONAL, -- Need M
useInterlacePUCCH-PUSCH-r16 ENUMERATED {enabled} OPTIONAL, -- Need R
msgA-ConfigCommon-r16 SetupRelease { MsgA-ConfigCommon-r16 } OPTIONAL -- Cond SpCellOnly2
]]
}


Firstly, only location/size of separate Initial DL BWP should be mandatorily present in InitialUplinkBWP-RedCap. And, the SCS of InitialUplinkBWP-RedCap and InitialUplinkBWP should be restricted to be the same.
[bookmark: _Hlk83198405]Secondly, if InitialUplinkBWP-RedCap is configured in SIB1, then it may contain rach-ConfigCommon. However, if not configured and all ROs of InitialUplinkBWP are fully contained within InitialUplinkBWP-RedCap then UE may use those instead.  
Proposal-6: For InitialUplinkBWP-RedCap a gNB shall configure at least 
· location/size of separate Initial DL BWP 
Proposal-7: If rach-ConfigCommon is not configured in InitialUplinkBWP-RedCap and all ROs of InitialUplinkBWP are fully contained within InitialUplinkBWP-RedCap then RedCap UE may use those to perform RACH.
· the UE assumes that SCS of InitialUplinkBWP-RedCap and InitialUplinkBWP is the same.
Center frequency 
	Agreement
For FR1,
· For TDD, center frequencies are assumed to be the same for the initial DL (FFS: if it does not include CD-SSB and the entire CORESET#0) and UL BWPs used during random access for RedCap UEs.
· FFS: For Option 1 and Option 2, whether the case that the center frequencies are different is also supported, and whether RedCap UE can expect CD-SSB and CORESET#0 in this case
For TDD, center frequencies are assumed to be the same for non-initial DL and UL BWPs with the same BWP id for a RedCap UE.



We do not think it is necessary to allow center frequencies to be different in TDD, however, it should be confirmed that CORESET#0 does not need to be aligned in frequency with (separate) initial UL BWP, for both configuration Option 1 and Option 2. 
Proposal-8: Confirm that CORESET#0 does not need to be aligned in center frequency with (separate) initial UL BWP, for both BWP-configuration Option 1 and Option 2.
Frequency hopping for common PUCCH 
	Agreement
· FFS: What specification changes (if any) are needed to support that the network can enable/disable intra-slot PUCCH frequency hopping (FH) within the separate initial UL BWP in the PUCCH resource for HARQ feedback for Msg4/MsgB for RedCap
· FFS: Whether any specification changes are needed and desired in order to support multiplexing of non-FH and FH PUCCH transmissions in PUCCH resources.




Specification currently states that hopping is enabled on initial UL BWP by default. 
	….
The UE transmits a PUCCH using frequency hopping if not provided useInterlacePUCCH-PUSCH in BWPUplinkCommon; otherwise, the UE transmits a PUCCH without frequency hopping.
….


This would need to be changed for RedCap UE and new RRC parameter shall be introduced . In addition, currently first 8 PUCCH resources have first hop on lower side of BWP and other 8 PUCCH resource on upper side of BWP, while the sequence used is the same for PUCCH resource 0 and 8, 1 and 9, etc.  
	If  and a UE is provided a PUCCH resource by pucch-ResourceCommon and is not provided useInterlacePUCCH-PUSCH in BWP-UplinkCommon
-	the UE determines the PRB index of the PUCCH transmission in the first hop as  and the PRB index of the PUCCH transmission in the second hop as , where  is the total number of initial cyclic shift indexes in the set of initial cyclic shift indexes
-	the UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as 
If  and a UE is provided a PUCCH resource by pucch-ResourceCommon and is not provided useInterlacePUCCH-PUSCH in BWP-UplinkCommon
-	the UE determines the PRB index of the PUCCH transmission in the first hop as  and the PRB index of the PUCCH transmission in the second hop as  
-	the UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as [image: ]




Therefore, for the first FFS, spec changes are clearly needed. We believe it would be the easiest to keep all 16 resources by offsetting second hop to be in frequency back-to-back to first hop, as shown on Figure 4. The offset of second hop would be given by N_CS.
[image: ]
Figure 4  Illustration of a PUCCH slot in BWP and default PUCCH Resource set 4 (start symbol 4, length 10) for RedCap UEs with disabled hopping
Proposal-9: When hopping is disabled in pucch-ResourceCommon for RedCap UEs in a cell, second hop is N_CS PRBs (i.e. back-to-back in frequency) with first hop. 
· Reuse PUCCH resource set Table 9.2.1-1: PUCCH resource sets before dedicated PUCCH resource configuration.
· Enable gNB to choose (by configuring) which side of Initial UL BWP the PUCCH resource are present. 
· If lower part of initial UL BWP, then second hop is after first hop
· If upper part of initial UL BWP, then second hop is before first hop
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 WA as the following
· For a cell that allows a RedCap UE to access, network can configure a separate initial DL BWP for RedCap UEs in SIB.
· It can be used during initial access
· It can be used after initial access.
· It is no wider than the maximum RedCap UE bandwidth.
· FFS: It is always configured if the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth.
· This applies to both TDD and FDD (including FD FDD and HD FDD) cases.
· It applies at least after initial access for FR1 when MIB configured CORESET#0 is included
· until MSG4, UE receives only within BW of MIB configured CORESET#0
Observation-1: RLM, RLF and Beam failure is currently supported based on CD or NCD SSB within active BWP.
Proposal-2: In Rel 17, a Redcap UE performs RRM measurement and re-selection based on cell-defining SSB.  

Proposal-3: 
· If RedCap UE offloading from MIB-CORESET#0/CD-SSB 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 in RRC connected 
· 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
· UE may autonomously switch to initial DL BWP/CORESET#0 to perform RACH if RACH-config is not configured in the active BWP
· In IDLE/INACTIVE mode, UE receives CSS on CORESET#0/CommonCORESET in R17.

Observation-2: Given
· periodicity of 40ms or more 
· 40MHz channel BW or more
· maximum number of transmitted beams
· and 50% TDD split
the system overhead from additional SSB burst for RedCap UEs is <1%
Proposal-4: Support Option 2 in RAN1 LS R1-2110600 for offloading, except, do not support camping/ idle-paging on separate initial DL BWP in R17 as proposed in P3.
Proposal-5: 
· In InitialDownlinkBWP-RedCap a gNB shall configure at least 
· location/size of separate Initial DL BWP 
· separate CORESET#0 for RedCap and/or commonCORESET
· In ServingCellConfig a gNB shall configure auxiliary NCD-SSB for RedCap UEs, if InitialDownlinkBWP-RedCap is used in RRC connected for a RedCap UE.
Proposal-6: For InitialUplinkBWP-RedCap a gNB shall configure at least 
· location/size of separate Initial DL BWP 
Proposal-7: If rach-ConfigCommon is not configured in InitialUplinkBWP-RedCap and all ROs of InitialUplinkBWP are fully contained within InitialUplinkBWP-RedCap then RedCap UE may use those to perform RACH.
· the UE assumes that SCS of InitialUplinkBWP-RedCap and InitialUplinkBWP is the same.
Proposal-8: Confirm that CORESET#0 does not need to be aligned in center frequency with (separate) initial UL BWP, for both BWP-configuration Option 1 and Option 2.
Proposal-9: When hopping is disabled in pucch-ResourceCommon for RedCap UEs in a cell, second hop is N_CS PRBs (i.e. back-to-back in frequency) with first hop. 
· Reuse PUCCH resource set Table 9.2.1-1: PUCCH resource sets before dedicated PUCCH resource configuration.
· Enable gNB to choose (by configuring) which side of Initial UL BWP the PUCCH resource are present. 
· If lower part of initial UL BWP, then second hop is after first hop
· If upper part of initial UL BWP, then second hop is before first hop

References 
[1] RP-212127, “On support of separate Initial DL BWP for RedCap UEs”, Nordic Semiconductor ASA, Qualcomm Inc., Apple Inc. 
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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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  On separate Initial DL BWP  
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