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1 Introduction
In the RAN1 #108 e-meeting, the following was agreed for Redcap UEs [1]:  
	Agreement:
When the frequency hopping for the RedCap PUCCH resources (for HARQ feedback for Msg4/MsgB) is deactivated,
· All 16 PUCCH resources are mapped to one side, and it is SIB-configurable which side.
· The PRB index of the PUCCH transmission is determined using the existing equations as a starting point, with an additional PRB offset with [4] candidate values.
· One of the candidate values is [zero].

Conclusion:
· For RedCap UE reception of DCI format 1_0 in a CSS:
· DCI size always depends on size of CORESET#0
· Resource allocation starts at first PRB of CORESET where DCI format has been received

Agreement:
Replace the working assumption from RAN1#107e “Not need NCD-SSB: A RedCap UE can in addition optionally support relevant operation based on for CSI-RS (working assumption) and/or FG 6-1a by reporting optional capabilities” with the following agreement:
· For FR1,
· For an RRC-configured active DL BWP in connected mode (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· A RedCap UE supporting mandatory FG 6-1 (but not optional FG 6-1a) expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB
· A RedCap UE can indicate the following as optional capability:
· Not need NCD-SSB: A RedCap UE can in addition optionally support relevant operation based on CSI-RS (working assumption) and/or FG 6-1a by reporting optional capabilities  [FG 6-1a] with supporting CSI-RS, or [FG 6-1a]without supporting CSI-RS.
· For FR2,
· For an RRC-configured active DL BWP in connected mode (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· A RedCap UE supporting mandatory FG 6-1 (but not optional FG 6-1a) expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB
· A RedCap UE can indicate the following as optional capability:
· Not need NCD-SSB: A RedCap UE can in addition optionally support relevant operation based on CSI-RS (working assumption) and/or FG 6-1a by reporting optional capabilities [FG 6-1a] with supporting CSI-RS, or [FG 6-1a] without supporting CSI-RS.
Note: The cases that CSI-RS in this agreement can support are left to RAN4

Agreement:
· Disabling of frequency hopping for common PUCCH resources for RedCap UEs is only supported for separate (not shared) initial UL BWP.

Agreement:
· For FR1 and FR2, for TDD, when a (separate or shared) initial DL BWP includes CD-SSB (for FR1 and FR2) and the entire CORESET#0 (for FR1), the center frequencies for the (separate or shared) initial DL BWP and the (separate or shared) initial UL BWP are assumed to be the same.
 
Agreement:
· When frequency hopping for common PUCCH resources for RedCap is deactivated,
· The additional PRB offset is added to the PRB offset (RBBWPoffset).
· The additional PRB offset has a [3]-bit range, [which can be {2, 3, 4, 6, 8, 9, 10, 12},] and if it is not configured, a default value is assumed as 0.

Agreement:
· When frequency hopping for common PUCCH resource for RedCap is deactivated,
· The UE determines PRB index of PUCCH transmission in one side of UL BWP as by using one of the following equations as configured by SIB:
· [image: ][image: ]
· [image: ]
· The UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as:
· [image: ] [image: ][image: ] [image: ]
· where:
· [image: ] is the PUCCH resource index.
·  [image: ] is the additional PRB offset.
· Other parameters are as in TS 38.213 clause 9.2.1.
 
Agreement:
· When frequency hopping for common PUCCH resources for RedCap is deactivated,
· The additional PRB offset is {2, 3, 4, 6, 8, 9, 10, 12}.
· Note: It has already been agreed that if the additional PRB offset is not configured, a default value is assumed as 0.

Agreement:
· A RedCap UE supports existing applicable mandatory feature(s) that are based on SSB using NCD-SSB (including NCD-SSB based measurements) as mandatory feature(s) in an RRC-configured DL BWP that does not include CD-SSB.
· NCD-SSB is ‘QCL’-ed with CD-SSB when the NCD-SSB and CD-SSB share the same SSB index.
· Note: RAN1 assumes that NCD-SSB is configured by higher layer

 Agreement:
· The following working assumptions from RAN1#107-e are NOT confirmed for idle/inactive mode and furthermore they are replaced by the agreements further down for connected mode.
· For FR1,
· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· Working assumption: If it is configured for paging, RedCap UE expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB from RAN1 perspective
· For FR2,
· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· Working assumption: If it is configured for paging, RedCap UE expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB from RAN1 perspective
· For BWP#0 configuration option 1,
· For FR1,
· For a separate initial DL BWP, for a RedCap UE in connected mode, paging can only be configured if it contains CD-SSB and the entire CORESET#0.
· For FR2,
· For a separate initial DL BWP, for a RedCap UE in connected mode, paging can only be configured if it contains CD-SSB and the entire CORESET#0.
· Note: For BWP#0 configuration option 2,
· For FR1,
· For a separate initial DL BWP in connected mode (if it does not include CD-SSB and the entire CORESET#0), if it is configured for paging,
· A RedCap UE supporting mandatory FG 6-1 (but not optional FG 6-1a) expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB
· A RedCap UE supporting FG 6-1a does not expect it to contain SSB/CORESET#0/SIB
· For FR2,
· For a separate initial DL BWP in connected mode (if it does not include CD-SSB and the entire CORESET#0), if it is configured for paging,
· A RedCap UE supporting mandatory FG 6-1 (but not optional FG 6-1a) expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB
· A RedCap UE supporting FG 6-1a does not expect it to contain SSB/CORESET#0/SIB

Conclusion:
· From RAN1 perspective, whether and under what conditions a RedCap UE requires to be configured with existing measurement gaps to support operation without SSB in an RRC-configured active BWP, and its related UE feature discussion (including measurement gaps) is up to RAN4.
· Send an LS to RAN4 to inform them about the conclusion.

Agreement:
The draft LS in R1-2202885 is endorsed in principle.

Agreement:
The final LS in R1-2202885 is endorsed.
 



In this contribution, we discuss the remaining issues of bandwidth reduction for Redcap devices according to the RAN1 108-e agreements.  



2. Discussions
2.1 UE behaviour when separate initial DL BWP is not configured
One of FFSs aspects identified in RAN1 #108e meeting [2] is whether a RedCap initial DL BWP shall be always configured if the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth. Concerns have been raised regarding the unnecessary signaling overhead caused by the configuration of Redcap initial DL BWP.  In Rel-15/16, CORESET#0 provided by MIB serves as default initial DL BWP, which has the BW below maximum BW of Redcap UEs. Therefore, the CORESET#0 can be used by Redcap UE if the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth and no separate initial DL BWP is configured for Redcap, which addresses the signaling overhead concern. In addition, for TDD, the central frequency of the CORESET#0 should be aligned with the separate initial UL BWP such that the RF-retuning operation can be avoided without any extra standard efforts.  
[image: Graphical user interface, text, application, chat or text message

Description automatically generated]
Figure 1: Default separate initial DL BWP for Redcap UE

Proposal 1: If SIB1-configured initial DL BWP has a wider bandwidth than the maximum Redcap UE bandwidth, a Redcap UE can derive separate initial DL BWP corresponding to CORESET #0 on condition that the central frequencies are aligned between CORESET#0 and initial UL BWP; Otherwise, a separate initial DL BWP expects to be configured.          

2.2 SSB Presence in a separate initial BWP with Configuration Opt.1 
Another FFS aspect is related to the presence of SSB in a separate initial DL BWP when it is used in connected mode for BWP#0 configuration option 1. It is true that for BWP#0 configuration option 1, the initial DL BWP has a very limited functionalities for unicast PDSCH transmission due to lack of UE-specific configurations and non-fallback DCI formats support. However, in principle, gNB has a full freedom to exploit BWP#0 to schedule unicast PDSCH for Redcap UEs, e.g., using fallback DCI. If it happens, a Redcap UE has to perform frequent RF retuning between the separate initial DL BWP#0 and CD-SSB to maintain the T/F tracking loop, which would cause significant power consumption. To address this concern, we proposed the following 
Proposal 2: For BWP#0 configuration option 1, an RRC-CONNECTED Redcap UE indicating supports of FG 6-1 only is not required to monitor PDCCH candidates for DCI format 1_0 with CRC scrambled by the C-RNTI, CS-RNTI or CS-RNTI in the separate DL BWP #0.


3. Conclusion 
In this contribution, we have presented our views on the reduced maximum UE bandwidth for Redcap. Based on the discussions, we proposed the following: 
Proposal 1: If SIB1-configured initial DL BWP has a wider bandwidth than the maximum Redcap UE bandwidth, a Redcap UE can derive separate initial DL BWP corresponding to CORESET #0 on condition that the central frequencies are aligned between CORESET#0 and initial UL BWP; Otherwise, a separate initial DL BWP expects to be configured.          

Proposal 2: For BWP#0 configuration option 1, an RRC-CONNECTED Redcap UE indicating supports of FG 6-1 only is not required to monitor PDCCH candidates for DCI format 1_0 with CRC scrambled by the C-RNTI, CS-RNTI or CS-RNTI in the separate DL BWP #0.
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