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1. Introduction
A new WID on further NR RedCap UE complexity reduction (FS_NR_redcap_enh) was approved at the RAN#97-e meeting and revised at the RAN#101 meeting [1]. The objectives of the WI are shown below.
	The objective is to specify support for the following enhancements: 
Power saving/energy efficiency enhancements
· Enhanced eDRX in RRC_INACTIVE (>10.24s) [RAN2, RAN3, RAN4]
· Note that this objective requires SA2, CT1 and CT4 involvement
Complexity/cost reduction
· Further reduced UE complexity in FR1 [RAN1, RAN2, RAN4]
· [bookmark: _Hlk145414992]UE BB bandwidth reduction
· 5 MHz BB bandwidth only for PDSCH (for both unicast and broadcast) and PUSCH, with 20 MHz RF bandwidth for UL and DL
· The other physical channels and signals are still allowed to use a BWP up to the 20 MHz maximum UE RF+BB bandwidth.
· UE peak data rate reduction
· Relaxation of the constraint (vLayers·Qm·f ≥ 4) for peak data rate reduction
· The relaxed constraint is, e.g., 1 (instead of 4).
· The parameters (vLayers, Qm, f) can be as in Rel-17 RedCap.
· Relation between ‘UE BB bandwidth reduction’ and ‘UE peak data rate reduction’
· A UE can support ‘UE peak data rate reduction’ with or without ‘UE BB bandwidth reduction’.
· The initial access procedure for ‘UE peak data rate reduction’ without ‘UE BB bandwidth reduction’ is the same as for ‘UE peak data rate reduction’ with ‘UE BB bandwidth reduction’.
· The peak rate target is 10 Mbps regardless of what optional features the UE may support.
· Support additional separate early indication(s) [RAN1, RAN2]
· Both 15 kHz SCS and 30 kHz SCS are supported.
· Aim to define at most one Rel-18 RedCap UE type for further UE complexity reduction.
· The existing UE capability framework is used, and changes to capability signalling are specified only if necessary. By default, all UE capabilities applicable to a Rel-17 RedCap UE are applicable unless otherwise specified.
Notes:
· The work defined as part of this WI is not to overlap with LPWA use cases.
· Coexistence with non-RedCap UEs and Rel-17 RedCap UEs should be ensured.
· This WI considers all applicable duplex modes unless otherwise specified.



In this contribution, we discuss on further UE complexity reduction for Rel-18 eRedCap.


2. Discussion
In the following subsections, we provide the discussion for UE BB bandwidth reduction and UE peak rate reduction for further UE complexity reduction.


2.1. Support of BB bandwidth reduction feature for UE supporting FG48-2
At the RAN#99 meeting, the following proposal was endorsed, and it is noted in the Note 4 that the initial access procedure is same between Rel-18 eRedCap with and without BB BW reduction;
	Rel-18 eRedCap UE capable of 20MHz + PR1 and Rel-18 eRedCap UE capable of BW3/PR3 + PR1 are designed/targeted to same peak data rate, i.e., 10Mbps
Note 1: Peak data rate of "Rel-18 eRedCap: UE capable of 20MHz + PR1" and "Rel-18 eRedCap: UE capable of BW3/PR3 + PR1" is same including unicast and broadcast respectively.
Note 2: PRB processing capability of "Rel-18 eRedCap: UE capable of 20MHz + PR1" is not limited to "25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS" and it corresponds to PRB size corresponding to 20 MHz.
Note 3: The only difference between "Rel-18 eRedCap: UE capable of 20MHz + PR1" and "Rel-18 eRedCap: UE capable of BW3/PR3 + PR1" is Note 2 and vLayers·Qm·f   in order to have the same peak rate.
Note 4: The initial access procedure of Rel-18 eRedCap UE capable of 20MHz + PR1 is realized by following:
· Same as Rel-18 eRedCap UE capable of BW3/PR3 + PR1



In fact, the context of the note in the agreement is that not to introduce separate early indication between Rel-18 eRedCap UEs with and without BB BW reduction, and hence NW cannot distinguish these UEs during initial access. However, it should be clarified whether Rel-18 eRedCap UE without BB BW reduction should support BB BW reduction related features during initial access, i.e., relaxed processing timeline-based operation and/or MSg3 PUSCH and Msg4 PDSCH BW restriction. 
In our view, Rel-18 eRedCap UE without BB BW reduction does not have to support such BB BW reduction feature and the only difference from Rel-17 RedCpap should be limited to the support of separate early indication and peak rate reduction targeting 10Mbps. 
However, it was agreed in UE feature session at the RAN1#114 meeting that relaxed timeline is applied for UE supporting FG48-2 during initial access unless cell barring for Rel-18 eRedCap UEs is introduced in RAN2. 
	Agreement
· Component 13 in FG 48-1 is supported by FG 48-2 during initial access. Revisit component 13 for FG 48-2 if RAN2 agrees on differentiation of barring for Rel-18 eRedCap UEs



Given the situation, whether the BB BW reduction related features should be expected by UE supporting FG48-2 during initial access depends on whether cell barring specific to eRedCap UE not supporting FG48-2 is introduced or not in RAN2. Therefore, we propose as follows;
Proposal 1:
· If RAN2 agrees to introduce barring bit specific to UE not supporting FG48-2, Rel-18 eRedCap UE supporting FG48-2 does not expect any relaxed timeline and BB restriction on Msg3/A PUSCH and Msg4 PDSCH.
· If RAN2 confirms not to introduce barring bit specific to UE not supporting FG48-2, Rel-18 eRedCap UE supporting FG48-2 expects relaxed timeline and BB restriction on Msg3/A PUSCH and Msg4 PDSCH.

We expect that it is necessary to be discussed in UE feature session as well and we discuss it in our contribution for UE feature [2].


2.2. UE BB bandwidth reduction
2.2.1. Msg3/A PUSCH with a larger than 5MHz
Msg3 PUSCH with a larger BW than 5MHz
At the RAN1#113 meeting, the following proposal was discussed but no consensus was achieved.
	Medium Priority Proposal 2.3-1a:
· [bookmark: _Hlk146714682]For UE BB bandwidth reduction, if Msg3 PUSCH is scheduled with more than 25 PRBs for 15 kHz or more than 12 PRBs for 30 kHz, the UE can restart the PRACH procedure.



In our view, this case can happen when Msg1 separate early indication is not configured and there is a collision between eRedCap and legacy UE with same PRACH transmission. However, if NW allows to access eRedCap UE but does not configure separate early indication in Msg1, NW cannot identify whether the UE transmitted PRACH is eRedCap UE or legacy UE, and hence the NW should schedule Msg3 PUSCH considering the possibility that the UE is eRedCap UE. Therefore, it seems not necessary to consider the case where Msg3 PUSCH is scheduled with more than 25 PRBs for 15 kHz or more than 12 PRBs for 30 kHz and corresponding UE behaviour.
Similar to Msg3 PUSCH, UE does not expect that MsgA PUSCH is scheduled with more than 25 PRBs for 15 kHz or more than 12 PRBs for 30 kHz, i.e., NW should ensure to configure MsgA PUSCH not more than 25/12 PRBs if the NW allows to access eRedCap UE.

Observation 1: eRedCap UE with BB bandwidth reduction does not expect that Msg3/A PUSCH is scheduled with more than 25 PRBs for 15 kHz or more than 12 PRBs for 30 kHz.


2.2.2. MBS for eRedCap
At the RAN1#113 meeting, the following proposal was discussed regarding MBS support of Rel-18 eRedCap and the following agreement was made at the RAN1#114 meeting.
	Proposal:
For UE with BB bandwidth reduction, 
· FFS: For broadcast MBS PDSCH,
· Allow the scheduling to be larger than 5MHz (as in legacy operation).
· the PDSCH repetition case 
· PDSCH in consecutive slots
· For multicast MBS PDSCH with HARQ feedback,
· The number of PRBs scheduled in DCI is not larger than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS.
· For multicast MBS PDSCH without HARQ feedback,
· FFS: whether to allow the scheduling to be larger than 5MHz
Note: For UE without BB bandwidth reduction, no special restriction other than data rate restriction.

Agreement:
· For UE BB bandwidth reduction, the number of PRBs scheduled in DCI can be larger than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS for:
· Broadcast MBS PDSCH without any PDSCH in next slot
· Broadcast MBS PDSCH without MBS PDSCH repetition



Broadcast MBS PDSCH BW
It was agreed that broadcast MBS PDSCH can be scheduled with larger number of PRBs than 5MHz but it is unclear how the BW can be large, i.e., whether the number of PRB can be larger than 20MHz or not. In our view, similar to initial BWP bandwidth, the upper limit may need to be clarified.
For broadcast MBS PDSCH, it was agreed in Rel-18 RAN2 TEI to introduce the configuration of RedCap specific CFR in SIB20 [3].
	cfr-ConfigMCCH-MTCH-RedCap
Common frequency resource used for MCCH and MTCH reception for RedCap UEs. If the field is absent, the RedCap UE can use cfr-ConfigMCCH-MTCH if the UE supports the configured bandwidth.



Based on the above description of RedCap specific CFR configuration, RedCap UE can receive MBS PDSCH when CFR for broadcast MBS PDSCH is configured with no larger BW than the BW UE supports. In our understanding, same as initial BWP, this is naturally applied not only to Rel-17 RedCap but also to Rel-18 eRedCap, i.e., Rel-18 eRedCap UE can receive MBS PDSCH when CFR (either cfr-ConfigMCCH-MTCH-RedCap or cfr-ConfigMCCH-MTCH) for broadcast MBS PDSCH is configured with no larger BW than the BW UE supports. Otherwise, i.e., cfr-ConfigMCCH-MTCH-RedCap is not configured and cfr-ConfigMCCH-MTCH is configured with larger BW than 20MHz, eRedCap UE does not expect receive broadcast MBS PDSCH.
Proposal 2: If cfr-ConfigMCCH-MTCH-RedCap is not configured and cfr-ConfigMCCH-MTCH is configured with larger BW than 20MHz, eRedCap UE does not expect receive broadcast MBS PDSCH.

Regarding the above agreement for broadcast MBS PDSCH BW in RAN1#114 meeting, per our understanding, it requires further discussion whether some other cases can be supported. More specifically, broadcast MBS PDSCH with repetition and/or with PDSCH in next slot should be supported when the number of PRBs does not exceed 25/12 RBs for 15/30 kHz SCS. This may be implicitly supported by the previous agreement.
Proposal 3: 
· For UE BB bandwidth reduction, the following cases are supported when the number of PRBs scheduled in DCI is not larger than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS
· Broadcast MBS PDSCH with other PDSCH in next slot
· Broadcast MBS PDSCH with MBS PDSCH repetition

Furthermore, on top of the agreement for broadcast MBS PDSCH for BB BW reduction, it should be clarified whether broadcast MBS PDSCH with repetition and/or with PDSCH in next slot is supported even if the number of PRBs exceeds 25/12 RBs for 15/30 kHz SCS. Considering that there is no HARQ feedback processing time requirement for broadcast MBS PDSCH and broadcast MBS PDSCH is shared between legacy UEs especially when RedCap specific CFR is not configured, it is preferable to allow repetition and/or other PDSCH in consecutive slot even when the number of PRBs is larger than 5MHz to avoid any restriction for legacy UEs. In the first place, MBS features are optional for eRedCap UE. Therefore, unless clear motivation that MBS features can be essential for eRedCap UEs is justified, scheduling of broadcast MBS which is shared with legacy UE should not be unnecessarily optimized for eRedCap BB BW reduction.
Proposal 4:
· For UE BB bandwidth reduction, the following cases are supported when the number of PRBs scheduled in DCI is larger than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS
· Broadcast MBS PDSCH with other PDSCH in next slot
· Broadcast MBS PDSCH with MBS PDSCH repetition


Multicast MBS PDSCH BW
For multicast MBS PDSCH, on the other hand, G-RNTI and G-CS-RNTI can be configured separately between eRedCap and legacy UEs, and hence scheduling restriction on multicast PDSCH for legacy UEs can be avoided by proper NW configuration. In addition, there is processing time requirement for multicast MBS PDSCH even when HARQ feedback is disabled. More specifically, there is HPN field in DCI scrambled with G-RNTI or G-CS-RNTI, then NW can reuse the HPN based on the below processing time specified in TS 38.214 section 5.1[4].
	When HARQ feedback for the HARQ process ID is disabled, the UE is not expected to receive another PDCCH carrying a DCI scheduling a PDSCH or set of slot-aggregated PDSCH scheduled for the given HARQ process or to receive another PDSCH without corresponding PDCCH for the given HARQ process that starts until Tproc,1 after the end of the reception of the last PDSCH or slot-aggregated PDSCH for that HARQ process.



To avoid the impacts on such processing time requirement, multicast MBS PDSCH should be scheduled with PRBs not larger than 5 MHz but can be allocated up to 20MHz regardless of with or without HARQ feedback, just same as unicast PDSCH.
Proposal 5: 
· For multicast MBS PDSCH with and without HARQ feedback for Rel-18 eRedCap, the number of PRBs scheduled in DCI is not larger than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS but can be allocated up to 20MHz.


Multiplexing between MBS PDSCH(s) and/or unicast PDSCH
According to the current specification, intra-slot FDM for unicast PDSCH and multicast/broadcast MBS PDSCH is supported depending on its UE capability.
	If the UE is capable of receiving FDMed unicast and multicast PDSCH per slot per carrier, the UE shall be able to decode a PDSCH scheduled by a DCI format with C-RNTI or a PDSCH scheduled for a retransmission of a TB by a DCI format with CS-RNTI and a PDSCH scheduled by a DCI format with G-RNTI for multicast or a PDSCH scheduled for a retransmission of a TB by a DCI format with G-CS-RNTI that partially or fully overlap in time in non-overlapping PRBs. If the UE is capable of receiving FDMed unicast and broadcast PDSCH per slot per carrier, the UE shall be able to decode a PDSCH scheduled by a DCI format with CRNTI or a PDSCH scheduled for a retransmission of a TB by a DCI format with CS-RNTI and a PDSCH scheduled with G-RNTI for broadcast/MCCH-RNTI that partially or fully overlap in time in non-overlapping PRBs.



At the previous RAN1 meetings, it was extensively discussed whether/how to support intra-slot FDM for unicast PDSCH and broadcast PDSCH such as SI PDSCH or RAR PDSCH when the number of PRBs are larger than 5MHz and some specification impacts were agreed. Hence, some discussion is needed for intra-slot FDM for unicast PDSCH and multicast/broadcast MBS PDSCH as well. However, as referred in the above specification, whether to support intra-slot FDM with MBS PDSCH is up to UE capability even for legacy UEs, i.e., it is optional feature of MBS even for legacy UEs. Therefore, just same as legacy UEs, eRedCap UE can report corresponding capability (i.e., FG33-1-2/33-3-2) if the UE can support the above current specification as it is, otherwise, the UE would not report the corresponding UE capability. It is not necessary to introduce new FG or update existing FG for eRedCap UE BB BW reduction regarding intra-slot FDM for unicast PDSCH and multicast/broadcast PDSCH.
Observation 2:
· [bookmark: _Hlk146730169]The following UE behaviour in TS38.214 is applied as it is for Rel-18 eRedCap UE if the UE reports FG33-1-2/33-3-2 and it is not necessary to specify or update the following UE behaviour for Rel-18 eRedCap UE.
· If the UE is capable of receiving FDMed unicast and multicast PDSCH per slot per carrier, the UE shall be able to decode a PDSCH scheduled by a DCI format with C-RNTI or a PDSCH scheduled for a retransmission of a TB by a DCI format with CS-RNTI and a PDSCH scheduled by a DCI format with G-RNTI for multicast or a PDSCH scheduled for a retransmission of a TB by a DCI format with G-CS-RNTI that partially or fully overlap in time in non-overlapping PRBs. If the UE is capable of receiving FDMed unicast and broadcast PDSCH per slot per carrier, the UE shall be able to decode a PDSCH scheduled by a DCI format with CRNTI or a PDSCH scheduled for a retransmission of a TB by a DCI format with CS-RNTI and a PDSCH scheduled with G-RNTI for broadcast/MCCH-RNTI that partially or fully overlap in time in non-overlapping PRBs.
· For Rel-18 eRedCap BB bandwidth reduction, it is not necessary to introduce new FG or update FG33-1-2/33-3-2 for supporting intra-slot FDM between unicast PDSCH and/or multicast/broadcast MBS PDSCH.

In addition to the intra-slot FDM above, intra-slot TDM for unicast PDSCH and/or multicast/broadcast MBS PDSCHs are supported for legacy UEs depending on its UE capability, i.e., whether the UE supports FG 33-3-3. Same as intra-slot FDM, intra-slot TDM is optional feature of MBS even for legacy UEs. Thus, of course eRedCap UE can report FG33-3-3 if the UE can support FG33-3-3 as it is, and we don’t see the need to introduce new UE feature optimized for eRedCap UEs regarding intra-slot TDM for unicast PDSCH and/or multicast/broadcast MBS PDSCHs.
Observation 3:
For Rel-18 eRedCap BB bandwidth reduction, it is not necessary to introduce new FG or update FG33-3-3 for supporting intra-slot TDM between unicast PDSCH and/or multicast/broadcast MBS PDSCHs.


UE features of MBS specific to RedCap
Depending on the discussion for the scheduling restriction on MBS PDSCH for eRedCap UEs, it may be necessary to introduce some separate FGs. For example, basic UE features for broadcast MBS are specified as FG33-1 which is optional feature without capability signalling. According to FG33-1, a UE shall support the decode of unicast PDSCH and /or broadcast MBS PDSCHs in consecutive slots as captured in component 6. In addition, a UE shall support higher layer configured repetition as capture in component 8. However, it is unclear whether eRedCap UE can support these components as it is, and hence it may need to be clarified how eRedCap UE can report the support of basic features of broadcast MBS.
Similarly, basic features for multicast MBS PDSCH are specified in FG33-2 and slot-level repetition is included in the FG while it is unclear eRedCap UE can support the repetition of multicast MBS PDSCH so far.
Therefore, after the scheduling restriction on MBS PDSCH for eRedCap UEs are fixed, MBS UE features specific to eRedCap can be discussed if necessary.

	33. NR_MBS
	33-1
	Broadcast
	1. Support of group-common PDCCH/PDSCH for broadcast with CRC scrambled by MCCH-RNTI.
2. Support of group-common PDCCH/PDSCH for broadcast with CRC scrambled by G-RNTI(s) for MTCH.
3. Support of CFR configuration for broadcast.
4. Support of CORESET and common search space for broadcast.
5. Support of DCI format 4_0 with CRC scrambled with G-RNTI/MCCH-RNTI for broadcast.
6. Support of inter-slot TDM between unicast PDSCH and MCCH group-common PDSCH or MTCH group-common PDSCH, or between MCCH group-common PDSCH and MTCH group-common PDSCH, or among unicast PDSCH and MCCH group-common PDSCH and MTCH group-common PDSCH in different slots.
7. Support MCCH change notification indication via DCI.
8. support of higher layer configured slot-level repetition up to 8 for MTCH
9. One G-RNTI per UE is supported for broadcast reception
10. Support of FDMed MCCH and PBCH
11. Support of up to 64QAM for FR1/FR2

	33. NR_MBS
	33-2
	Dynamic scheduling for multicast for PCell
	1. Support of group-common PDCCH/PDSCH for multicast with CRC scrambled by G-RNTI for PCell.
2. Support of CFR configuration for multicast.
3. Support of CORESET and common search space configuration for multicast.
4. Support of DCI format 4_1 with CRC scrambled with G-RNTI for multicast.
5. Support of inter-slot TDM between group-common PDSCH for multicast and other PDSCHs in different slots.
6. Support {2, 4, 8} times semi-static slot-level repetition for group-common PDSCH for multicast




3. Conclusion
In this contribution, we discussed UE BB bandwidth reduction and UE peak data rate reduction for further UE complexity reduction. Based on the discussion, we made following observations and proposals.

Proposal 1:
· If RAN2 agrees to introduce barring bit specific to UE not supporting FG48-2, Rel-18 eRedCap UE supporting FG48-2 does not expect any relaxed timeline and BB restriction on Msg3/A PUSCH and Msg4 PDSCH.
· If RAN2 confirms not to introduce barring bit specific to UE not supporting FG48-2, Rel-18 eRedCap UE supporting FG48-2 expects relaxed timeline and BB restriction on Msg3/A PUSCH and Msg4 PDSCH.

Observation 1: eRedCap UE with BB bandwidth reduction does not expect that Msg3/A PUSCH is scheduled with more than 25 PRBs for 15 kHz or more than 12 PRBs for 30 kHz.

Proposal 2: If cfr-ConfigMCCH-MTCH-RedCap is not configured and cfr-ConfigMCCH-MTCH is configured with larger BW than 20MHz, eRedCap UE does not expect receive broadcast MBS PDSCH.

Proposal 3: 
· For UE BB bandwidth reduction, the following cases are supported when the number of PRBs scheduled in DCI is not larger than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS
· Broadcast MBS PDSCH with other PDSCH in next slot
· Broadcast MBS PDSCH with MBS PDSCH repetition

Proposal 4:
· For UE BB bandwidth reduction, the following cases are supported when the number of PRBs scheduled in DCI is larger than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS
· Broadcast MBS PDSCH with other PDSCH in next slot
· Broadcast MBS PDSCH with MBS PDSCH repetition

Proposal 5: 
· For multicast MBS PDSCH with and without HARQ feedback for Rel-18 eRedCap, the number of PRBs scheduled in DCI is not larger than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS but can be allocated up to 20MHz.

Observation 2:
· The following UE behaviour in TS38.214 is applied as it is for Rel-18 eRedCap UE if the UE reports FG33-1-2/33-3-2 and it is not necessary to specify or update the following UE behaviour for Rel-18 eRedCap UE.
· If the UE is capable of receiving FDMed unicast and multicast PDSCH per slot per carrier, the UE shall be able to decode a PDSCH scheduled by a DCI format with C-RNTI or a PDSCH scheduled for a retransmission of a TB by a DCI format with CS-RNTI and a PDSCH scheduled by a DCI format with G-RNTI for multicast or a PDSCH scheduled for a retransmission of a TB by a DCI format with G-CS-RNTI that partially or fully overlap in time in non-overlapping PRBs. If the UE is capable of receiving FDMed unicast and broadcast PDSCH per slot per carrier, the UE shall be able to decode a PDSCH scheduled by a DCI format with CRNTI or a PDSCH scheduled for a retransmission of a TB by a DCI format with CS-RNTI and a PDSCH scheduled with G-RNTI for broadcast/MCCH-RNTI that partially or fully overlap in time in non-overlapping PRBs.
· For Rel-18 eRedCap BB bandwidth reduction, it is not necessary to introduce new FG or update FG33-1-2/33-3-2 for supporting intra-slot FDM between unicast PDSCH and/or multicast/broadcast MBS PDSCH.

Observation 3:
For Rel-18 eRedCap BB bandwidth reduction, it is not necessary to introduce new FG or update FG33-3-3 for supporting intra-slot TDM between unicast PDSCH and/or multicast/broadcast MBS PDSCHs.
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