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1   Introduction
[bookmark: OLE_LINK3]In RAN1#114 meeting, UE BB bandwidth reduction and peak data rate reduction were further discussed for Rel-18 RedCap UEs. And the relevant agreements can be summarized as below [1]:
· RAR timeline
For UE BB bandwidth reduction, for 2-step RACH, assuming that MsgA PUSCH indication is transmitted:
· The same timeline relaxation as for the Msg2-Msg3 timeline (i.e., 1 slot for Msg2 PDSCH larger than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS) applies at least for the following cases:
· Case 2c: Between reception of MsgB PDSCH scheduled by MSGB-RNTI in which UE does not correctly receive the transport block in the corresponding PDSCH within the window and transmission of only PRACH according to Type-1 random access procedure or to transmit both PRACH and PUSCH according to Type-2 random access procedure.
· Case 2d: Between reception of MsgB PDSCH scheduled by MSGB-RNTI with RAPID which is not associated with the corresponding PRACH transmission from the UE and transmission of only PRACH according to Type-1 random access procedure or to transmit both PRACH and PUSCH according to Type-2 random access procedure.
· Peak data rate reduction
· [bookmark: OLE_LINK5]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).
· For Rel-18 eRedCap UEs, the following features are still supported as optional features:
· 2 Rx branches with DL MIMO
· DL 256QAM
· Simultaneous reception of PDSCHs
· For handling of multiple reception in a slot during P-RNTI triggered SI acquisition when the total number of PRBs for the PDSCH scheduled with SI-RNTI and the PDSCH scheduled with C-RNTI, MCS-C-RNTI, or CS-RNTI scheduled in the slot is larger than the maximum number of PRBs that the UE can process per slot, the UE may skip decoding of the scheduled PDSCH with C-RNTI, MCS-C-RNTI, or CS-RNTI.
· For UE BB bandwidth reduction, when PDSCH scheduled with RA-RNTI or MSGB-RNTI is not greater than 25/12 PRBs with 15/30kHz SCS, 38.214 clause 5.1 still applies, i.e.:
· [bookmark: OLE_LINK6]“The UE is not expected to decode a PDSCH scheduled with C-RNTI, MCS-C-RNTI, G-RNTI for multicast or broadcast, MCCH-RNTI, G-CS-RNTI or CS-RNTI if another PDSCH in the same cell scheduled with RA-RNTI or MSGB-RNTI partially or fully overlap in time.”
· For UE BB bandwidth reduction, for Msg4 PDSCH scheduled by TC-RNTI during a process of autonomous SI acquisition, no specification change.
· For UE BB bandwidth reduction, when PDSCH scheduled with RA-RNTI or MSGB-RNTI is greater than 25/12 PRBs with 15/30kHz SCS, support the following UE behavior:
· UE behavior 2: Relaxed random access processing timeline in connected mode:
· The UE is not expected to decode a PDSCH scheduled with C-RNTI, MCS-C-RNTI, G-RNTI for multicast or broadcast, MCCH-RNTI, G-CS-RNTI or CS-RNTI in the same or next slot if another PDSCH in the same cell is scheduled with RA-RNTI or MSGB-RNTI
· MBS PDSCH bandwidth
· [bookmark: OLE_LINK4]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
In this contribution, we discuss the remaining issues on UE BB bandwidth reduction and peak data rate reduction.
2   Discussion 
[bookmark: OLE_LINK1]Multicast MBS PDSCH bandwidth
For UE BB bandwidth reduction, the bandwidth of MBS PDSCH for multicast needs to be further discussed. In RAN1#114 meeting, multicast MBS PDSCH bandwidth was proposed as following [2]:
· For UE BB bandwidth reduction, the number of PRBs scheduled in DCI cannot be larger than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS for the following cases:
· Case 2a: Multicast MBS PDSCH without HARQ feedback
· Case 2a1: Multicast MBS PDSCH without HARQ feedback and without PDSCH repetition
· Case 2a2: Multicast MBS PDSCH without HARQ feedback but with PDSCH repetition
· Case 2b: Multicast MBS PDSCH with HARQ feedback
· Note: For UE without BB bandwidth reduction, no special restriction other than data rate restriction.
[bookmark: OLE_LINK2][bookmark: _GoBack]Since the Rel-18 eRedCap UEs with BB bandwidth reduction can be assigned to a group and a separate multicast MBS PDSCH is transmitted for these UEs, the maximum number of PRBs scheduled in DCI for multicast PDSCH can be restricted to 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS. For multicast MBS PDSCH without HARQ feedback, if the number of scheduled PRBs is allowed to be larger than 25/12 PRBs, the MBS PDSCH may not be processed when the PDSCH is repeated or when the UE receives another PDSCH in slot . The similar case has been captured for broadcast MBS PDSCH in the latest Rel-18 specifications [3], as below.
	A UE that has not indicated FG 48-2 is not required to process a PDSCH reception in slot  that is scheduled by a DCI format with CRC scrambled by a G-RNTI for broadcast over a number of PRBs that is larger than 25 PRBs for 15 kHz SCS, or larger than 12 PRBs for 30 kHz SCS, when the PDSCH reception is with repetitions or when the UE receives another PDSCH in slot .



Therefore, we prefer that the bandwidth restriction is applied for both cases with and without HARQ-ACK feedback for multicast MBS PDSCH. Also, the unified bandwidth restriction can simplify specifications.
Proposal 1: For UE BB bandwidth reduction, 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 with and without HARQ-ACK feedback.
Simultaneous reception of unicast and MBS PDSCHs
For a UE with capable of receiving FDMed unicast and MBS PDSCH, the current specifications require the UE to decode both PDSCHs when unicast and MBS PDSCH partially or fully overlap in time domain. 
	[bookmark: OLE_LINK9][bookmark: OLE_LINK8][bookmark: OLE_LINK7][bookmark: OLE_LINK11]The maximum number of PDSCHs scheduled per slot per component carrier with C-RNTI/CS-RNTI and G-RNTI/G-CS-RNTI/MCCH-RNTI that the UE shall be able to decode is the same as the indicated UE capability for the number of unicast PDSCHs per slot per component carrier. 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 with C-RNTI/CS-RNTI and a PDSCH scheduled with G-RNTI for multicast/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 with C-RNTI/CS-RNTI and a PDSCH scheduled with G-RNTI for broadcast/MCCH-RNTI that partially or fully overlap in time in non-overlapping PRBs.



[bookmark: OLE_LINK19]Considering UE BB bandwidth reduction, the relevant eRedCap UEs should assume a decoding priority for simultaneous reception of MBS and unicast PDSCHs. According to the descriptions in the latest Rel-18 specifications [3], unicast PDSCH has higher processing priority than broadcast MBS PDSCH for a UE with BB bandwidth reduction. Thus, the following two cases should be considered for UE behaviour.
· [bookmark: OLE_LINK17]Case A: Unicast and MBS PDSCHs partially or fully overlap in time domain and the total number of PRBs scheduled for both PDSCHs is not larger than 25/12 PRBs for 15/30 KHz SCS. 
· In this case, the UE shall be able to decode the unicast and MBS PDSCHs.
· [bookmark: OLE_LINK16]Case B: The total number of PRBs scheduled for MBS PDSCH and unicast PDSCH in slot n is larger than 25/12 PRBs for 15/30 KHz SCS. 
· [bookmark: OLE_LINK20][bookmark: OLE_LINK21]In this case, if the UE receives another PDSCH in slot n+1, the UE is not required to process the MBS PDSCH reception in slot n. And if no PDSCH is scheduled in slot n+1, the UE shall be able to process the MBS PDSCH reception after decoding of unicast PDSCH in slot n.
[bookmark: OLE_LINK22]Proposal 2: For UE BB bandwidth reduction, if the UE is capable of receiving FDMed unicast and MBS PDSCH, the following two cases should be specified for simultaneous reception of MBS and unicast PDSCHs.
· Case A: If unicast and MBS PDSCHs partially or fully overlap in time domain and the total number of scheduled PRBs is not larger than 25/12 PRBs for 15/30 KHz SCS, the UE shall be able to decode the unicast and MBS PDSCHs. 
· Case B: If the total number of PRBs scheduled for MBS PDSCH and unicast PDSCH in slot n is larger than 25/12 PRBs for 15/30 KHz SCS, the UE is not required to process the MBS PDSCH reception in slot n when the UE receives another PDSCH in slot n+1, and the UE shall be able to process the MBS PDSCH reception after decoding of unicast PDSCH in slot n when no PDSCH is scheduled in slot n+1.
FDRA optimization
[bookmark: OLE_LINK10]According to the existing specifications, resource assignment Type 0 can configure both continuous and discontinuous frequency domain distribution for PUSCH and PDSCH. And resource assignment Type 1 can configure a continuous frequency domain distribution for PUSCH and PDSCH. 
For PDSCH, the FDRA is allowed to span a bandwidth of more than ~5 MHz per slot for the UE with BB bandwidth reduction. Thus, resource assignment Type 0 supports to allocate up to 3 RBGs for a unicast PDSCH based on the bandwidth of 20 MHz (14 RBGs for 15KHz SCS). Consequently, the reduction of FDRA field size is limited. Resource assignment Type 1 can assign a PDSCH within any 5MHz bandwidth in a BWP with up to 20 MHz. And the corresponding DCI field of FDRA needs 12 bits at 15KHz SCS, which is one bit less than the existing FDRA field size. Since both resource assignment Type 0 and 1 cannot significantly reduce the bit overhead of DL FDRA indication, FDRA optimization is not considered for PDSCH.
For PUSCH, the resource allocation is not allowed to span a bandwidth of more than ~5 MHz per slot or per hop for the UE with BB bandwidth reduction. For resource assignment Type 0, if only discontinuous frequency domain distribution is supported, the overhead of FDRA indication can be significantly reduced for bandwidth of 15 MHz and 20 MHz, as shown in Table 1. Hence, FDRA information field optimization can be considered for PUSCH.
Table 1: Overhead of FDRA indication for UL resource assignment Type 0 (RBG configuration 1)
	Subcarrier spacing (KHz)
	Bandwidth of BWP (MHz)
	Overhead of FDRA indication (bits)

	
	
	Legacy UE
	Rel-18 RedCap UE

	15
	10
	13
	13

	
	15
	10
	3

	
	20
	14
	4

	30
	10
	12
	12

	
	15
	10
	3

	
	20
	13
	4



Proposal 3: For UE BB bandwidth reduction, UL FDRA information field optimization can be considered.
3   Conclusion
Base on the analysis in the previous sections, we have the following proposals:
Proposal 1: For UE BB bandwidth reduction, 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 with and without HARQ-ACK feedback.
Proposal 2: For UE BB bandwidth reduction, if the UE is capable of receiving FDMed unicast and MBS PDSCH, the following two cases should be specified for simultaneous reception of MBS and unicast PDSCHs.
· Case A: If unicast and MBS PDSCHs partially or fully overlap in time domain and the total number of scheduled PRBs is not larger than 25/12 PRBs for 15/30 KHz SCS, the UE shall be able to decode the unicast and MBS PDSCHs. 
· Case B: If the total number of PRBs scheduled for MBS PDSCH and unicast PDSCH in slot n is larger than 25/12 PRBs for 15/30 KHz SCS, the UE is not required to process the MBS PDSCH reception in slot n when the UE receives another PDSCH in slot n+1, and the UE shall be able to process the MBS PDSCH reception after decoding of unicast PDSCH in slot n when no PDSCH is scheduled in slot n+1.
Proposal 3: For UE BB bandwidth reduction, UL FDRA information field optimization can be considered.
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