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1 Introduction
In this contribution, our proposals for UE features for Rel-18 RedCap are provided. This discussion is based on the updated UE features list summarized in R1-2310635[1].
2 Discussion
For Rel-18 RedCap, two FGs, i.e., FG 48-1 which is corresponding to the eRedCap UE with reduced peak data rate and with reduced baseband bandwidth in FR1, and FG 48-2 which is corresponding to the eRedCap UE with reduced peak data rate but without reduced baseband bandwidth in FR1, have been introduced in the RAN1#113 meeting. Two main issues are discussed in this section, including MsgA PUSCH, Msg3 and Msg4 channel bandwidth restriction, and MBS related UE features.
2.1 MsgA/3 and Msg4 channel bandwidth restriction  
As agreed in the last RAN1 meeting, component 15 is introduced for FG 48-1 for MsgA/3 and Msg4 channel bandwidth restriction:
· Component 15: Maximum number of Msg4 PDSCH PRBs that can be [decoded/scheduled] and maximum number of Msg3 PUSCH PRBs and MsgA PUSCH PRBs (if supported) that can be [transmitted/scheduled] is 25 PRBs for 15 kHz SCS and is 12 PRBs for 30 kHz SCS

Regarding the wording used for component 15, there is one remaining issue that requires further study. The question is whether to use the term "decoded" for Msg4 PDSCH and "transmitted" for MsgA/3 PUSCH, or to use "scheduled" for all channels. In this section, we will discuss this issue separately for each channel.
MsgA PUSCH channel bandwidth restriction 
If MsgA PUSCH is configured for non-eRedCap, it can be shared by eRedCap in some cases, as long as the MsgA channel bandwidth does not exceed 25/12 PRBs. However, if MsgA PUSCH bandwidth is greater than this limit, eRedCap does not support 2-step RACH, which includes both FG 48-1 and FG 48-2. Besides, there is no eRedCap-specific MsgA PUSCH. The configuration of MsgA PUSCH bandwidth should not be limited by eRedCap, as this would restrict the use of the PUSCH by non-eRedCap devices. Therefore, it is recommended to use the wording "transmitted" for MsgA PUSCH channel bandwidth restriction.
Msg3 PUSCH channel bandwidth restriction
The scheduling of Msg3 PUSCH depends on whether Msg1 based separate early indication is configured. If Msg1 based EI is configured by the gNB, it is better that the Msg3 PUSCH is scheduled with no larger than 25/12 PRBs for 15/30 kHz SCS. However, if Msg1 based EI is not configured, there is no way for the gNB to identify the UE type before Msg3 scheduling. In this case, it may not be appropriate to limit the Msg3 channel bandwidth to 25/12 PRBs, as it could impact legacy UEs. Therefore, from gNB scheduling perspective, it is possible to allocate more than 25/12 PRBs for 15/30 kHz SCS for Msg3 PUSCH. However, for eRedCap, it is only required to transmit Msg3 when its channel bandwidth is within 25/12 PRBs. If the channel bandwidth exceeds this limit, it is up to eRedCap's UE implementation to decide how to handle Msg3 PUSCH. In conclusion, we recommend using the term “transmitted” for Msg3 PUSCH channel bandwidth restriction.       
Msg4 PDSCH channel bandwidth restriction
For Msg4 PDSCH scheduled by TC-RNTI of eRedCap, considering that it may conflict with Msg4 PDSCH of non-eRedCap, the following agreement was achieved in RAN1#112bis-e meeting. That is, the gNB can schedule more than 25/12 PRBs for 15/30 kHz SCS, but the eRedCap is not required to process Msg4 PDSCH in this case. Therefore, we recommend to use the term “decoded” instead of “scheduled” for Msg4 PDSCH channel bandwidth restriction. 
	Agreement: [38.213]
Confirm the following working assumption by assuming that Msg3 indication is available:

· For UE BB complexity reduction, a UE is able to receive a Msg4 PDSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot.

· The UE is not required to process a Msg4 PDSCH with a larger number of PRBs than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS.



In addition, since there is no distinguishing mechanism between FG 48-1 and FG 48-2 during the initial access procedure, the bandwidth limitations for these three channels mentioned above also apply to FG 48-2.
Proposal 1: Revise the component 15 of FG 48-1 as follows:
· Component 15: Maximum number of Msg4 PDSCH PRBs that can be [decoded/scheduled] in the idle or inactive mode and maximum number of Msg3 PUSCH PRBs and MsgA PUSCH PRBs (if supported) that can be [transmitted/scheduled] is 25 PRBs for 15 kHz SCS and is 12 PRBs for 30 kHz SCS

Proposal 2: For MsgA/3 PUSCH and Msg4 PDSCH limitations, apply the component 15 of FG 48-1 to FG 48-2.

2.2 MBS UE features   
This section focuses on UE features related to eRedCap with MBS, some of which are also presented in our companion contribution [2].
MBS UE features specific for eRedCap 
In the last RAN1 meeting, some companies proposed to discuss MBS UE features specific to Rel-18 eRedCap UEs. Since the following feature groups in TR 38.822 have components associated with decoding in consecutive slots or slot-level repetition, these companies think it might not be supported by UEs with BB bandwidth reduction. 
	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


However, we believe that it is unnecessary to introduce any eRedCap-specific MBS UE features. It can be considered aa a consensus that MBS UE features related to consecutive slots scheduling or slot-level repetition, such as components 6 and 8 of FG 33-1, or components 5 and 6 of FG 33-2 as shown above, are applicable to FG 48-1 when the number of PRBs allocated for MBS PDSCH is no more than 25/12 PRBs for 15/30 kHz SCS. For cases that more than 25/12 PRBs are allocated to FG 48-1, the details specified in TS 38.213 Clause 17.1 are sufficient, and there is no need to express them again in the UE feature specifications. Additionally, if new basic MBS UE features are introduced for eRedCap to replace FG 33-1 and FG 33-2, many other MBS UE features would also need to be revisited. This is because FG 33-1 and FG 33-2 are considered prerequisite feature groups for these MBS UE features. In our view, it is unnecessary to bearer such a heavy workload for such an optional feature.
In addition, some companies also suggested adding the following FGs for eRedCap in the last RAN1 meeting. However, we believe separate new UE features are unnecessary for the two bullets. For example, if an eRedCap UE supports both FG 33-1 and FG 48-1, it is natural that the peak data rate of MBS PDSCH should be relaxed as well and the first bullet below is supported.    
· Support MBS for RedCap UE with reduced peak data rate and reduced baseband bandwidth in FR1

· Support MBS for RedCap UE with reduced peak data rate without reduced baseband bandwidth in FR1

Proposal 3: Don’t support to introduce eRedCap-specific MBS UE features.  
FDM-ed unicast PDSCH and MBS PDSCH

For simultaneous reception of unicast PDSCH and MBS PDSCH, the following agreements were achieved in the last RAN1 meeting. In this meeting, we need further discuss whether there is necessity to introduce separate UE capability singalings for FG 48-1 for FDMed unicast PDSCH and broadcast MBS PDSCH, or for FDMed unicast PDSCH and broadcast MBS PDSCH. 
	Agreement: [38.214]
· An eRedCap UE with bandwidth reduction, depending on indicated UE capability, the UE can decode a PDSCH for MBS broadcast and a PDSCH for unicast with the two PDSCH partially or fully overlapping in time in non-overlapping PRBs, if the total number of PRBs does not exceed the maximum number of PRBs that the UE can receive or process per slot.

Agreement: [38.214]
· An eRedCap UE with bandwidth reduction, depending on indicated UE capability, the UE can decode a PDSCH for MBS multicast and a PDSCH for unicast with the two PDSCH partially or fully overlapping in time in non-overlapping PRBs, if the total number of PRBs does not exceed the maximum number of PRBs that the UE can receive or process per slot.




As below captured in TR 38.822, the FGs of FDMed unicast PDSCH and MBS PDSCH were introduced in Rel-17 for broadcast and multicast respectively. For simplify, FG 33-1-2 and FG 33-3-2 can be reused for eRedCap with BB bandwidth reduction. However, for UE supporting FG 48-1, FDMed unicast PDSCH and MBS PDSCH can only be supported under certain conditions, i.e., the total number of PRBs doesn’t exceed the maximum number of PRBs that the UE can receive or process per slot. As such, a note should be added to the components description of FG 33-1-2 and FG 33-3-2 for UEs supporting FG 48-1 to take this condition into consideration.      
	33. NR_MBS
	33-1-2
	FDM-ed unicast PDSCH and group-common PDSCH for broadcast
	1. Support FDM between one unicast PDSCH and one group-common PDSCH for broadcast in RRC CONNECTED mode in a slot.

	33. NR_MBS
	33-3-2
	FDM-ed unicast PDSCH and one group-common PDSCH for multicast
	1. Support FDM between one unicast PDSCH and one group-common PDSCH for multicast in RRC CONNECTED mode in a slot.




Proposal 4: Reuse FG 33-1-2 and FG 33-3-2 for eRedCap UE with bandwidth reduction, and add a note to these two FGs to specify the limitation of the number of PRBs.    
Multicast MBS with 2 layers and/or 256QAM

For Rel-17 multicast MBS, the following FGs were agreed and captured in TR 38.822. For eRedCap, it is necessary to revisit whether these FGs can be reused or not. 
	33. NR_MBS

	33-2g
	MIMO layers for multicast PDSCH
	Supported maximal number of MIMO layers for multicast PDSCH

	
	33-2i
	Supported maximal modulation order for multicast PDSCH
	1. For FR1, up to 1024QAM is supported, candidate values {256QAM, 1024QAM}

2. For FR2, up to 256QAM is supported, candidate values {64QAM, 256QAM}



	
	33-2j
	Supported maximum modulation order used for maximum data rate calculation for multicast PDSCH
	1. For FR1, up to 1024QAM is supported as maximum modulation order used for maximum data rate calculation for multicast PDSCH, candidate values {256QAM, 1024QAM}

2. For FR2, up to 256QAM is supported as maximum modulation order used for maximum data rate calculation for multicast PDSCH, candidate values {64QAM, 256QAM}




For eRedCap, the number of Rx branches is implicitly indicated by maxNumberMIMO-LayersPDSCH for unicast PDSCH. If 1 DL MIMO layer is indicated by eRedCap, then only 1 Rx branches is equipped by the eRedCap; if 2 DL MIMO layers is indicated by eRedCap, then 2 Rx branches is equipped by the eRedCap. With 1 Rx branch, it is hard for eRedCap to support 2 MIMO layers for multicast PDSCH. Therefore, it should be clarified that the maximal number of MIMO layers for multicast PDSCH should be less than or equal to that for unicast PDSCH. 

 For eRedCap, 256QAM is optional supported for unicast PDSCH with UE capability signaling. In our view, this conclusion can be reused for multicast PDSCH. Therefore, FG 33-2i can be reused by the eRedCap to indicate whether 256QAM is supported or not; if not indicated, then maximum modulation order is assumed as 64QAM.

In addition, as for maximum data rate calculation for eRedCap, the fixed peak data rate was agreed for eRedCap with FG 48-1 and FG 48-2 respectively as follows. However, according to FG 33-2j, the minimum modulation order for data rate calculation for multicast PDSCH in FR1 is 8. That is, with assuming both v and f equal to the minimum value i.e., 1 and 0.4 respectively, the product value is 3.2, which just equals the product value of FG 48-1. For FG 48-2, there is no appropriate maximum modulation order to match the relaxed maximum data rate as discussed in MBS UE features specific for eRedCap part in this section. Thus, it is reasonable for eRedCap not to apply FG 33-2j, and the peak data rate calculating related parameters for unicast PDSCH is also applicable for multicast MBS PDSCH. 
	Agreement: [38.306]
· For UE peak data rate reduction with UE BB bandwidth reduction,

· The 10-Mbps peak rate target corresponds to a vLayers·Qm·f of 3.2

· For UE peak data rate reduction without UE BB bandwidth reduction,

· The 10-Mbps peak rate target corresponds to a vLayers·Qm·f of 0.75

· This is assuming 20 MHz bandwidth in the 38.306 peak rate expression.

· Note: This does not imply that downlink MIMO and 256 QAM are not supported

Agreement: [38.306]
· The UE needs to signal peak data rate 10-Mbps related parameters corresponding to vLayers, Qm and f.

· No new values for the above parameters will be introduced for Rel-18 eRedCap.

· For FG 48-2, when vLayers = 2, the peak rate target corresponds to a vLayers·Qm·f of 0.8 (instead of 0.75).




Proposal 5: For FG 33-2g of eRedCap, clarify that the maximal number of MIMO layers for multicast PDSCH should be less than or equal to that for unicast PDSCH. 

Proposal 6: For eRedCap, reuse FG 33-2i and change its default value to 64QAM if the corresponding UE capability signaling is not reported. 
Proposal 7: Don’t apply FG 33-2j to eRedCap. 

MBS PDSCH channel bandwidth 
Regarding MBS channel bandwidth, considering that MBS is an optional feature and is not part of the basic structure of eRedCap, eRedCap terminals can still function even without MBS PDSCH CBW definitions. Furthermore, the corresponding definitions for multicast MBS and broadcast MBS PDSCH bandwidth will be detailed in 38213, so there is no need to repeat them in the UE feature specifications again. 
Proposal 8: It is not necessary to introduce MBS PDSCH channel bandwidth in the components of FG 48-1.   
3 Conclusion
In this contribution, we discussed UE features for Rel-18 eRedCap. Based on the discussion, our proposals are summarized as follows.
Proposal 1: Revise the component 15 of FG 48-1 as follows:

· Component 15: Maximum number of Msg4 PDSCH PRBs that can be [decoded/scheduled] in the idle or inactive mode and maximum number of Msg3 PUSCH PRBs and MsgA PUSCH PRBs (if supported) that can be [transmitted/scheduled] is 25 PRBs for 15 kHz SCS and is 12 PRBs for 30 kHz SCS
Proposal 2: For MsgA/3 PUSCH and Msg4 PDSCH limitations, apply the component 15 of FG 48-1 to FG 48-2.
Proposal 3: Don’t support to introduce eRedCap-specific MBS UE features.  
Proposal 4: Reuse FG 33-1-2 and FG 33-3-2 for eRedCap UE with bandwidth reduction, and add a note to these two FGs to specify the limitation of the number of PRBs.    
Proposal 5: For FG 33-2g of eRedCap, clarify that the maximal number of MIMO layers for multicast PDSCH should be less than or equal to that for unicast PDSCH. 

Proposal 6: For eRedCap, reuse FG 33-2i and change its default value to 64QAM if the corresponding UE capability signaling is not reported. 

Proposal 7: Don’t apply FG 33-2j to eRedCap. 

Proposal 8: It is not necessary to introduce MBS PDSCH channel bandwidth in the components of FG 48-1.   
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