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1   Introduction
In RAN1#113 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][2]:
· [bookmark: OLE_LINK3]For a Rel-18 eRedCap UE, 
· [bookmark: OLE_LINK37]For the “FFS: value(s) of X”,
· X = 1/0.5 ms for 15/30 kHz SCS
· [bookmark: OLE_LINK4]Legacy default TDRA table and Δ are reused.
· [bookmark: OLE_LINK6]A network-configurable additional separate early indication in Msg1 for Rel-18 eRedCap UEs is supported.
· When Msg1 indication for Rel-18 eRedCap UEs is configured, it is used by Rel-18 eRedCap UEs (with or without UE BB bandwidth reduction).
· When Msg1 indication for Rel-18 eRedCap UEs is not configured while Msg1 indication for Rel-17 RedCap UEs is configured, Rel-18 eRedCap UEs shall share the PRACH that is configured for Rel-17 RedCap UEs.
· Note: Rel-18 eRedCap UEs will be differentiated from Rel-17 RedCap UEs based on Msg3 of Rel-18 eRedCap UEs.
· [bookmark: OLE_LINK7][bookmark: OLE_LINK36]Additional early indication in MsgA PRACH is not supported.
· For UE BB bandwidth reduction, the same timeline relaxation as for the Msg2-Msg3 timeline applies at least for the following cases:
· Case 4a: Between reception of RAR PDSCH in which UE does not correctly receive the transport block and upcoming transmission of PRACH
· Case 4b: Between reception of RAR with RAPID which is not associated with the corresponding PRACH transmission and upcoming transmission of PRACH
· For UE BB bandwidth reduction, for 2-step RACH, assuming that MsgA PUSCH indication is transmitted:
· The bandwidth of a MsgB scheduled with MSGB-RNTI should be limited in a similar way as Msg2.
· 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 2a: Between reception of fallbackRAR and transmission of Msg3
· Case 2b: Between reception of successRAR and transmission of corresponding HARQ-ACK
· [bookmark: OLE_LINK5]The bandwidth of a MsgB scheduled with C-RNTI should be limited in a similar way as Msg4.
· For UE BB complexity reduction, for RRC_IDLE and RRC_INACTIVE, there is no need to relax the requirements on simultaneous reception of two PDSCH transmissions for SIB1 / OSI / paging / RAR / Msg4 scheduled by TC-RNTI for the case when Msg4 PDSCH is not larger than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS.
· Note: This means that the following paragraph in TS 38.214 clause 5.1 still applies for the case when Msg4 PDSCH is not larger than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS:
· “The UE in RRC_IDLE and RRC_INACTIVE modes shall be able to decode two PDSCHs each scheduled with SI-RNTI, P-RNTI, RA-RNTI or TC-RNTI, with the two PDSCHs partially or fully overlapping in time in non-overlapping PRBs.”
· [bookmark: OLE_LINK10]Down-select between these options for handling of simultaneous reception 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 is larger than the maximum number of PRBs that the UE can process per slot.
· Option 2: The UE may skip decoding of PDSCH [in slot n or n+1] scheduled with C-RNTI/MCS-C-RNTI/CS-RNTI but decodes SI PDSCH triggered by P-RNTI in slot n.
· Option 3: The prioritization between reception of PDSCH scheduled with C-RNTI/MCS-C-RNTI/CS-RNTI and SI PDSCH triggered by P-RNTI is up to the UE implementation.
· Option 4: During a process of P-RNTI triggered SI acquisition, the UE is not expected to [be scheduled PDSCH/to decode PDSCH scheduled] with C-RNTI/MCS-C-RNTI/CS-RNTI if in the same cell, another PDSCH scheduled with SI-RNTI partially or fully overlap in time.
· Option 7: No specification change
· UE peak data rate reduction
· 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
· Working assumption	
· [bookmark: OLE_LINK28]The peak rate target is 10 Mbps regardless of what optional features the UE may support. (i.e. WGs can progress on this topic based on this assumption)
In this contribution, we discuss the remaining issues on UE BB bandwidth reduction and peak data rate reduction.
2   Discussion 
2.1   UE BB bandwidth reduction 
[bookmark: OLE_LINK1]Simultaneous reception of PDSCHs
Due to UE BB bandwidth reduction, the delay of UE processing will increase for the PDSCH(s) configured with more than 25/12 PRBs, which impacts the processing timeline of simultaneous reception of broadcast and unicast PDSCHs. Hence the eRedCap UE should assume a decoding priority between two PDSCHs, including the following two cases:
· Case 1: If unicast and broadcast PDSCHs partially or fully overlap in time and the total number of PRBs for these two PDSCHs is larger than 25/12 PRBs, as shown in Figure 1, the UE should determine which PDSCH is prioritized.


[bookmark: OLE_LINK2]Figure 1 Overlap of unicast and broadcast PDSCHs in time domain
· [bookmark: OLE_LINK35]Case2: If one or multiple PDSCHs scheduled in Slot n exceed 25/12 PRBs for 15/30 KHz SCS and a unicast PDSCH is scheduled in Slot n+1, the processing timeline of the UE is shown in Figure 2. It can be observed that the UE processing time has an overlap in time domain between PDSCHs in Slot n and n+1. Within the overlap time, the total bandwidth exceeds the maximum number of PRBs that the UE can process in a slot. Therefore, the UE should determine which PDSCH is prioritized in this case. 


Figure 2 Processing timeline of broadcast and unicast PDSCHs for UE BB bandwidth reduction
Observation 1: For UE BB bandwidth reduction, the simultaneous reception of broadcast and unicast PDSCHs that impacts UE processing timeline includes two cases.
· Case 1: Unicast and broadcast PDSCHs partially or fully overlap in time and the total number of PRBs for these two PDSCHs is larger than 25/12 PRBs.
· Case 2: One or multiple PDSCHs scheduled in Slot n exceed 25/12 PRBs for 15/30 KHz SCS and a unicast PDSCH is scheduled in Slot n+1.
[bookmark: OLE_LINK21][bookmark: OLE_LINK11][bookmark: OLE_LINK8]For simultaneous reception of autonomous SI and unicast PDSCH, it has been agreed that the following paragraph in TS 38.214 clause 5.1 still applies:
· “The UE is expected to decode a PDSCH scheduled with C-RNTI, MCS-C-RNTI, or CS-RNTI during a process of autonomous SI acquisition.”
[bookmark: _GoBack][bookmark: OLE_LINK22][bookmark: OLE_LINK9]It can be observed that, for an eRedCap UE with BW3/PR3, unicast PDSCH has a higher priority than autonomous SI. In simultaneous reception of autonomous SI and unicast PDSCH, at least the unicast PDSCH is decoded.
[bookmark: OLE_LINK20]For simultaneous reception of P-RNTI triggered SI and unicast PDSCH, it was agreed to down-select between the following options.
· [bookmark: OLE_LINK39]Option 2: The UE may skip decoding of PDSCH [in slot n or n+1] scheduled with C-RNTI/MCS-C-RNTI/CS-RNTI but decodes SI PDSCH triggered by P-RNTI in slot n.
· [bookmark: OLE_LINK15]Option 3: The prioritization between reception of PDSCH scheduled with C-RNTI/MCS-C-RNTI/CS-RNTI and SI PDSCH triggered by P-RNTI is up to the UE implementation.
· Option 4: During a process of P-RNTI triggered SI acquisition, the UE is not expected to [be scheduled PDSCH/to decode PDSCH scheduled] with C-RNTI/MCS-C-RNTI/CS-RNTI if in the same cell, another PDSCH scheduled with SI-RNTI partially or fully overlap in time.
· Option 7: No specification change
[bookmark: OLE_LINK17][bookmark: OLE_LINK18][bookmark: OLE_LINK19][bookmark: OLE_LINK16]For Option 3, since the short message in DCI scrambled by P-RNTI indicates SI modification or ETWS/CMAS notification, P-RNTI triggered SI usually carries important system information. If P-RNTI triggered SI and consecutive unicast PDSCHs are scheduled and the eRedCap UE prioritizes unicast PDSCH, P-RNTI indicates SI will has a large processing delay or be skipped by the UE. To guarantee that each UE can receive this information, the prioritization between reception of unicast PDSCH and SI PDSCH triggered by P-RNTI cannot be based on UE implementation. Therefore, for simultaneous reception of P-RNTI triggered SI and unicast PDSCH, the RedCap UE with UE BB baseband reduction shall be expected to decode P-RNTI triggered SI.
For Option 4, the eRedCap UE with BW3/PR3 cannot determine the prioritization of P-RNTI triggered SI and unicast PDSCH for Case 2 that processing time of two PDSCHs conflicts.
For Option 7, when P-RNTI triggered SI and unicast PDSCH overlap in time, the current specifications require the UE to decode both PDSCHs without considerations on processing timeline of eRedCap UE, shown as below:
	On a frequency range 1 cell, the UE shall be able to decode a PDSCH scheduled with C-RNTI, MCS-C-RNTI, or CS-RNTI and, during a process of P-RNTI triggered SI acquisition, another PDSCH scheduled with SI-RNTI that partially or fully overlap in time in non-overlapping PRBs, unless the PDSCH scheduled with C-RNTI, MCS-C-RNTI, or CS-RNTI requires Capability 2 processing time according to clause 5.3 in which case the UE may skip decoding of the scheduled PDSCH with C-RNTI, MCS-C-RNTI, or CS-RNTI. 



Comparing the above four options, Option 2 should be adopted for Rel-18 eRedCap UE with UE BB bandwidth reduction. When the total number of PRBs for the PDSCH scheduled with SI-RNTI and the PDSCH, if applicable, scheduled with C-RNTI, MCS-C-RNTI, or CS-RNTI is larger than the maximum number of PRBs that the UE can process per slot, the UE may skip decoding of PDSCH in slot n and n+1 scheduled with C-RNTI/MCS-C-RNTI/CS-RNTI but decodes SI PDSCH triggered by P-RNTI in slot n. Thus, the UE is able to determine that the P-RNTI triggered SI has a high priority regardless of Case 1 or 2 in Observation 1.
Proposal 1: For UE BB bandwidth reduction, Option 2 should be adopted for simultaneous reception of P-RNTI triggered SI and unicast PDSCH. 
· The UE may skip decoding of PDSCH in slot n and n+1 scheduled with C-RNTI/MCS-C-RNTI/CS-RNTI but decodes SI PDSCH triggered by P-RNTI in slot n.
For simultaneous reception of RAR and another PDSCH, UE can skip decoding of the PDSCH according to the existing specifications, as shown below.
	The UE is not expected to decode a PDSCH scheduled with C-RNTI, MCS-C-RNTI, G-RNTI, MCCH-RNTI, G-GS-RNTI or CS-RNTI if another PDSCH in the same cell scheduled with RA-RNTI or MSGB-RNTI partially or fully overlap in time. 



Thus, for a Rel-18 eRedCap UE with BW3/PR3, if a PDSCH is scheduled with RA-RNTI or MSGB-RNTI in slot n, the UE is not expected to decode another PDSCH scheduled with C-RNTI, SI-RNTI, MCS-C-RNTI, G-RNTI for multicast or broadcast, MCCH-RNTI, G-CS-RNTI or CS-RNTI,
· partially or fully overlap in time; 
· in slot n+1 if the PDSCH scheduled with RA-RANTI or MSGB-RNTI is greater than 25/12 PRBs with 15/30kHz SCS.
Proposal 2: For a Rel-18 eRedCap UE with BW3/PR3, if a PDSCH is scheduled with RA-RNTI or MSGB-RNTI in slot n, the UE is not expected to decode another PDSCH scheduled with C-RNTI, SI-RNTI, MCS-C-RNTI, G-RNTI for multicast or broadcast, MCCH-RNTI, G-CS-RNTI or CS-RNTI,
· partially or fully overlap in time; 
· in slot n+1 if the PDSCH scheduled with RA-RANTI or MSGB-RNTI is greater than 25/12 PRBs with 15/30kHz SCS.
MBS PDSCH bandwidth
Regarding MBS PDSCH bandwidth, the following proposal was given in RAN1#113 meeting.
· For UE with BB bandwidth reduction, 
· [bookmark: OLE_LINK23]FFS: For broadcast MBS PDSCH,
· Allow the scheduling to be larger than 5MHz (as in legacy operation).
· [bookmark: OLE_LINK14]the PDSCH repetition case 
· [bookmark: OLE_LINK25]PDSCH in consecutive slots
· For multicast MBS PDSCH with HARQ feedback,
· [bookmark: OLE_LINK26]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.
[bookmark: OLE_LINK24]For broadcast MBS PDSCH, the scheduling bandwidth larger than 5MHz can be allowed for UE BB bandwidth reduction to avoid impacts on legacy UEs. Based on the agreement for RAR timeline, it can be concluded that when the bandwidth of broadcast MBS PDSCH is more than 25/12 PRBs for 15/30 KHz SCS, the additional processing delay of UE with BW3/PR3 does not exceed 1 slot. Thus, for PDSCH repetition or consecutive scheduling, the reception of broadcast MBS PDSCH may be up to UE implementation. For example, the UE only processes the PDSCH that is transmitted in odd slots to acquire half the MBS PDSCH resources.
[bookmark: OLE_LINK38]Proposal 3: For UE BB bandwidth reduction, allow the scheduling to be larger than 5MHz for broadcast MBS PDSCH.
· For PDSCH repetition or consecutive scheduling case, the reception of PDSCH with more than 25/12 PRBs for 15/30 KHz SCS is up to UE implementation. 
For multicast MBS PDSCH, the maximum number of PRBs scheduled in DCI can be restricted to 25/12 PRBs for 15/30 kHz SCS for eRedCap UEs with BB bandwidth reduction. This bandwidth restriction is applied for both cases with and without HARQ-ACK feedback.
Proposal 4: 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.
2.2   Peak data rate reduction
[bookmark: OLE_LINK27]On peak data rate reduction, the following working assumption was reached in RAN#100 meeting [3]. This means eRedCap UEs will support a fixed peak data rate of 10 Mbps as working assumption. 
	The peak rate target is 10 Mbps regardless of what optional features the UE may support. (i.e. WGs can progress on this topic based on this assumption)



[bookmark: OLE_LINK29]Thus, the reported value of vLayers·Qm·f can be used to implicitly indicate to gNB whether the UE has the capability of BB bandwidth reduction to save signaling overhead. If the value of vLayers·Qm·f reported by UE is 0.75, the UE supports standalone peak data rate reduction. And if the value of vLayers·Qm·f reported by UE is 3.2, the UE supports both peak data rate reduction and BB bandwidth reduction. 
[bookmark: OLE_LINK40][bookmark: OLE_LINK41]Observation 2: The value of vLayers·Qm·f reported by UE can implicitly indicate to gNB whether the UE has the capability of BB bandwidth reduction and additional capability signaling that indicates FG 48-2 is not required.
Proposal 5: The value of vLayers·Qm·f reported by UE is used to indicate FG 48-2. 
[bookmark: OLE_LINK30][bookmark: OLE_LINK32][bookmark: OLE_LINK31]Based on peak data rate of 10Mbps, the possible values of vLayers, Qm and f reported by the UE are summarized in Table 1. Form the table, the UE supporting standalone PR1 can only be the UE with capability of single MIMO layer (i.e. 1 Rx antenna UE) while the UE supporting PR1+BW3/PR3 may be the UE with capability of 1 or 2 layers. So for eRedCap UEs with standalone PR1, DL MIMO are not supported. For eRedCap UEs with PR1+BW3/PR3, DL MIMO should be an optional feature and number of MIMO layers is equal to number of UE Rx antennas (as Rel-17 RedCap UE).  
Proposal 6: DL MIMO is supported as an optional feature for eRedCap UEs with PR1+BW3/PR3 and not supported for eRedCap UEs with standalone PR1.
Table 1: Reported values of vLayers, Qm and f for peak data rate of 10Mbps
	Feature
	Value of vLayers·Qm·f
	Capability report

	
	
	Modulation Order
Qm
	Number of layers
vLayers
	Scaling factor
f

	Add-on
	3.2
	4
	1
	0.8

	
	
	2
	2
	0.8

	
	
	8
	1
	0.4

	
	
	4
	2
	0.4

	Standalone
	0.75
	1
	1
	0.75



On modulation order, 256QAM should be supported as an optional feature for Rel-18 eRedCap UEs (same as Rel-17 RedCap UEs). For an eRedCap UE, although peak data rate of 10 Mbps restricts the maximum transport block size to around 10000/5000 bits for 15/30 KHz SCS, 256QAM still can be used for the PDSCH configured with high code rate and small number of PRBs.
Proposal 7: 256QAM is supported as an optional feature for Rel-18 eRedCap UEs.
3   Conclusion
Base on the analysis in the previous sections, we have the following observations and proposals:
Observation 1: For UE BB bandwidth reduction, the simultaneous reception of broadcast and unicast PDSCHs that impacts UE processing timeline includes two cases.
· Case 1: Unicast and broadcast PDSCHs partially or fully overlap in time and the total number of PRBs for these two PDSCHs is larger than 25/12 PRBs.
· Case 2: One or multiple PDSCHs scheduled in Slot n exceed 25/12 PRBs for 15/30 KHz SCS and a unicast PDSCH is scheduled in Slot n+1.
Observation 2: The value of vLayers·Qm·f reported by UE can implicitly indicate to gNB whether the UE has the capability of BB bandwidth reduction and additional capability signaling that indicates FG 48-2 is not required.
Proposal 1: For UE BB bandwidth reduction, Option 2 should be adopted for simultaneous reception of P-RNTI triggered SI and unicast PDSCH. 
· The UE may skip decoding of PDSCH in slot n and n+1 scheduled with C-RNTI/MCS-C-RNTI/CS-RNTI but decodes SI PDSCH triggered by P-RNTI in slot n.
Proposal 2: For a Rel-18 eRedCap UE with BW3/PR3, if a PDSCH is scheduled with RA-RNTI or MSGB-RNTI in slot n, the UE is not expected to decode another PDSCH scheduled with C-RNTI, SI-RNTI, MCS-C-RNTI, G-RNTI for multicast or broadcast, MCCH-RNTI, G-CS-RNTI or CS-RNTI,
· partially or fully overlap in time; 
· in slot n+1 if the PDSCH scheduled with RA-RANTI or MSGB-RNTI is greater than 25/12 PRBs with 15/30kHz SCS.
Proposal 3: For UE BB bandwidth reduction, allow the scheduling to be larger than 5MHz for broadcast MBS PDSCH.
· For PDSCH repetition or consecutive scheduling case, the reception of PDSCH with more than 25/12 PRBs for 15/30 KHz SCS is up to UE implementation. 
Proposal 4: 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.
Proposal 5: The value of vLayers·Qm·f reported by UE is used to indicate FG 48-2. 
Proposal 6: DL MIMO is supported as an optional feature for eRedCap UEs with PR1+BW3/PR3 and not supported for eRedCap UEs with standalone PR1.
Proposal 7: 256QAM is supported as an optional feature for Rel-18 eRedCap UEs.
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