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Introduction
This document discusses aspects on initial DL BWP, initial UL BWP and center frequency alignment between DL and UL BWP for Reduced capability NR devices (RedCap UE).

Discussion
Initial DL BWP
Configuration
In RAN1 #106bis-e, the following working assumption on separate initial DL BWP was made:
	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 propose to confirm the main level of the WA that the network can configure a separate initial DL BWP for RedCap UEs. This configuration is necessary for the deployment where the initial DL BWP is wider than RedCap UE's bandwidth but the cell is intended to support RedCap UEs. It is also beneficial for traffic offloading of Msg 2/4 [1]. 
Initial DL BWP for RedCap can be configured in SIB. When the parameter is absent, a RedCap UE should use the BW of CORESET #0 or configuration of initial DL BWP for non-RedCap (follow the procedure for non-RedCap). In this case, RedCap UE can expect that DL BWP is no wider than the maximum RedCap UE bandwidth.

Proposal 1:	Confirm the main level of the 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).
Proposal 2:	When the parameter on the separate initial DL BWP is absent, a RedCap UE use the BW of CORESET #0 or configuration of initial DL BWP for non-RedCap. RedCap UE can expect that DL BWP is no wider than the maximum RedCap UE bandwidth. 

Regarding the working assumptions related to the condition of MIB configured CORESET#0, the issue is whether separate initial DL BWP always includes MIB configured CORESET #0. In our view, the case separate initial DL BWP does not overlap with the initial DL BWP for non-RedCap UE should be supported based on following SSB related discussion. Then the case of nested deployment where both initial DL BWP for RedCap and non-RedCap contains MIB configured CORESET#0 should be possible but not optimization point. Such nested deployment can be up to the network implementation, although we see the inefficiency of the partial overlapping of initial DL BWP for non-RedCap UE and separate initial DL BWP for RedCap UE. The network would be able to decide the proper configuration on separate initial DL BWP regardless of during or after initial access. No optimization is needed.

Proposal 3:	Confirm the nested working assumption that separate initial DL BWP can be used during initial access.
Proposal 4:	It is up to the network implementation whether the separate initial DL BWP includes the MIB configured CORESET #0 or not.

SSB
In RAN1 #106bis-e, the following LS [2] to RAN2/RAN4 was also made to ask the feasibility of NCD-SSB instead of CD-SSB with the RAN1 discussion:
	· For FR1, following options:
· Option 1:
· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0),
· RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.
· For an RRC-configured active DL BWP (if it does not include CD-SSB and the entire CORESET#0),
· RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.
· Option 2:
· [bookmark: _Hlk86769848]For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0),
· If it is configured for random access while not for paging in idle/inactive mode, RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.
· FFS: For BWP#0 configuration option 1, whether the UE can expect SSB transmission in the separate initial DL BWP when it is used in connected mode.
· If it is configured for paging, RedCap UE expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB.
· For an RRC-configured active DL BWP in connected mode (if it does not include CD-SSB and the entire CORESET#0),
· RedCap UE expects it to contain NCD-SSB for serving cell [FFS: or CSI-RS or measurement gap configuration] but not CORESET#0/SIB.
· Note: if a separate initial/RRC configured DL BWP is configured to contain the entire CORESET#0, CD-SSB is expected by RedCap UE.
· Note: The network may choose to configure SSB or MIB-configured CORESET#0 or SIB1 to be within the respective DL BWP.
· FFS: For Option 1 and Option 2, whether RedCap UE can/cannot expect SSB under certain other conditions, e.g., for SSB monitoring periodicity (i.e., SMTC configuration) and DRX cycle
· FFS: Whether additional mechanism for SI update or how SI update notifications and/or SI updates are signaled to RedCap UEs
· FFS: FR2 case



According to the RAN2 #116-e session note (NTN-RedCap-CE), the following was confirmed:
	2.	 For idle/inactive UEs, using NCD-SSB for measurements and cell (re-)selection would still require the UE to re-tune to the CORESET#0 for reading SIBs.
3. 	In connected mode, current RRC signalling allows configuring SSB-based RRM measurements on any (CD- or NCD-) SSB, but it does not allow using an NCD-SSB for RLM, BFD, link recovery, RO selection, mobility (mobility here refers to the frequency indicated in FreqDLInfo in HO commmand), in TCI-states or for any other functionality (other than RRM measurements).



According to the RAN4 #101-e session report (RRM), the following was agreed:
	Agreements 
· It is feasible to use NCD-SSB for serving and non-serving cell measurements for idle, inactive, and/or connected mode for all or some of RRM, RLM, BFD, link recovery, RO selection, mobility, time/frequency tracking and AGC 
· FFS for specific conditions when it is feasible to use NCD-SSB
· It is RAN4 understanding that NCD-SSB measurements support may require additional signalling which is up to RAN2



Therefore, we assume that it is feasible to use NCD-SSB in the separate initial DL BWP instead of CD-SSB. Based on this, we propose to support Option 2 above. The argument is as follows (updating the discussion in [1]):

	For a separate initial DL BWP not for paging, NCD-SSB/CORESET#0 in the separate BWP is not so crucial. UE may receive CD-SSB/CORESET#0/SIB in initial DL BWP for non-RedCap periodically for example once per 160ms during random access procedure, but random access procedure can be possible with such gap to receive CD-SSB periodicity. Therefore, no need to mandate NCD-SSB/CORESET#0 in the separate initial DL BWP and then resource overhead can be mitigated.

	For a separate initial DL BWP configured for paging, we propose to mandate NCD-SSB in the separate initial DL BWP. If a RedCap UE in idle mode monitors the PDCCH type-2 in separate initial DL BWP after a long sleep, the UE needs to be synchronized using SSB before the paging reception. Then with increased switching time for SSB reception, UE needs to wake-up longer for paging reception. It increases the UE power consumption for paging significantly. 

For an RRC-configured active DL BWP, we support the current Option 2. We are fine with NCD-SSB is optional if it is only for case the BWP is not for paging.

For SIB, UE would need to receive them depending on the change of SIB. Periodically to receive them in the initial DL BWP where CD-SSB is contained or the network use dedicated signalling to carry SIB is up to RAN2 discussion.

For FR2, Option 2 can be supported as well as FR1. No differentiation is needed.

Proposal 5:	The Option 2 stated in the LS R1-2110600 is supported for FR1 and FR2.

Initial UL BWP
PRACH
The following agreement is made in RAN1 #106bis:
	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



It is not yet agreed how to configure RO within separate initial UL BWP. In our view, the network should be able to configure the dedicated parameter for RO configuration in SIB. A RedCap UE should follow it. When the parameter is absent, a RedCap UE should use the RO configuration within the shared initial UL BWP (ROs for non-RedCap are shared with RedCap). How the parameter is signaled in SIB is up to RAN2.

Proposal 6:	The network should be able to configure the dedicated parameter for RO configuration in SIB. When the parameter is absent, a RedCap UE should use the RO configuration within the shared initial UL BWP (ROs for non-RedCap are shared with RedCap).

When ROs for RedCap is configured in the same time resource as ROs for non-RedCap, the gNB should not be required to support the case of different Rx beam/SSB between Redcap UE RO and non-RedCap UE RO in the same time resource. For example, the SSB index mapped on the RedCap ROs should also exists in non-RedCap RO as the figure below. Otherwise, the gNB would need to prepare Rx beams more than needed for ROs for non-RedCap and the complexity of gNB would increase. It may be realized by proper SSB-RO mapping configured by the network implementation.

[image: ]

Proposal 7:	The gNB should not be required to support the case of different Rx beam/SSB between Redcap UE RO and non-RedCap UE RO in the same time resource.

PUCCH
The following agreement is made in RAN1 #106bis:
	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.



In Rel-15/16, the PUCCH resource set for feedback to Msg4/B is configured by RRC parameter pucch-ResoruceCommon which gives the index related to the table 9.2.1-1 in the TS 38.213. If the same PUCCH resource set is commonly applied for non-RedCap and RedCap UE, disabling intra-slot frequency hopping only for RedCap may cause a problem of OCC collision. That is, for a given slot/PRB, OCC code is different in first and second hops in non-FH PUCCH while one OCC code occupies the whole slot/PRB in FH PUCCH.

The figure below exemplifies the PUCCH resource set when pucch-ResourceCommon = 9 is commonly configured for FH PUCCH and non-FH PUCCH:
[image: ]

To avoid the OCC collision, the PUCCH resource sets for FH PUCCH and non-FH PUCCH can be FDMed. For example, the network can configure the separate initial UL BWP for RedCap so that the staring PRB of this BWP is a bit different from the one for UL BWP for non-RedCap as the figure below:
[image: ]

To realize above, offsetting UL BWP position for RedCap can be realized by the network implementation. Then no spec impact is needed.

Alternatively, RB offset value  dedicated for RedCap can be configured so that PUCCH resource sets are FDMed as the figure below:
[image: ]

To realize above, configuration of RB offset allows more flexible PUCCH resource configuration for RedCap UEs, but there is need for a little spec impact and dedicated parameter signaling.

Proposal 8:	For FDM of FH and non-FH PUCCH, consider the two methods:
· The gNB configures offsetting UL BWP position for RedCap compared to the non-RedCap BWP
· The gNB configures parameter for RB offset value dedicated for RedCap PUCCH resource set 

Center frequency alignment between DL and UL BWP
The agreement in RAN1
	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.



It is not concluded whether the same center frequency is assumed for initial DL BWP including / not including MIB configured CORESET#0 and separate initial UL BWP. In our view, center frequency for initial DL BWP including MIB configured CORESET#0 and separate initial UL BWP can be different. This enhancement is useful for the case that the separate initial DL BWP is disabled to reduce the resource overhead by duplicated PDCCH while the separate initial UL BWP is located at edge of the carrier BW.

To support the case that center frequencies are different between DL BWP and UL BWP, decision on RF retuning timeline on different DL/UL frequency would be needed. The timeline may be related to the discussion on back-to-back non-overlapping UL/DL switching (discussed in [3] for AI 8.6.1.2).

On the other hand, center frequency for initial DL BWP not including MIB configured CORESET#0 and separate initial UL BWP should be the same in order to mitigate the unnecessary RF retuning.

Proposal 9:	Support the case that center frequency for initial DL BWP including MIB configured CORESET#0 and separate initial UL BWP for RedCap UEs can be different. Decide the RF retuning timeline on different DL/UL frequency.
Proposal 10:	Center frequency should be assumed to be the same for initial DL BWP not including MIB configured CORESET#0 and separate initial UL BWP for RedCap UEs.

Conclusion
[bookmark: _Ref525757803][bookmark: _Ref524431493][bookmark: _Ref525728033][bookmark: _Ref534791788]Regarding initial DL BWP:
Proposal 1:	Confirm the main level of the 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).
Proposal 2:	When the parameter on the separate initial DL BWP is absent, a RedCap UE use the BW of CORESET #0 or configuration of initial DL BWP for non-RedCap. RedCap UE can expect that DL BWP is no wider than the maximum RedCap UE bandwidth.
Proposal 3:	Confirm the nested working assumption that separate initial DL BWP can be used during initial access.
Proposal 4:	It is up to the network implementation whether the separate initial DL BWP includes the MIB configured CORESET #0 or not.
Proposal 5:	The Option 2 stated in the LS R1-2110600 is supported for FR1 and FR2.

Regarding initial UL BWP:
Proposal 6:	The network should be able to configure the dedicated parameter for RO configuration in SIB. When the parameter is absent, a RedCap UE should use the RO configuration within the shared initial UL BWP (ROs for non-RedCap are shared with RedCap).
Proposal 7:	The gNB should not be required to support the case of different Rx beam/SSB between Redcap UE RO and non-RedCap UE RO in the same time resource.
Proposal 8:	For FDM of FH and non-FH PUCCH, consider the two methods:
· The gNB configures offsetting UL BWP position for RedCap compared to the non-RedCap BWP
· The gNB configures parameter for RB offset value dedicated for RedCap PUCCH resource set 

Regarding center frequency alignment between DL and UL BWP:
Proposal 9:	Support the case that center frequency for initial DL BWP including MIB configured CORESET#0 and separate initial UL BWP for RedCap UEs can be different. Decide the RF retuning timeline on different DL/UL frequency.
Proposal 10:	Center frequency should be assumed to be the same for initial DL BWP not including MIB configured CORESET#0 and separate initial UL BWP for RedCap UEs.
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