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In RAN1#114 meeting[1], the following agreements were reached:
	Agreement
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.
Agreement
· 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).

Conclusion
· For Rel-18 eRedCap UEs, the following features are still supported as optional features:
· 2 Rx branches with DL MIMO
· DL 256QAM
Agreement
· Send LS to RAN2 (cc RAN4) to inform about RAN1 agreements on peak rate reduction with 38.306 impact.

Agreement
· 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.

Agreement
· 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.:
· “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.”
Conclusion
For UE BB bandwidth reduction, for Msg4 PDSCH scheduled by TC-RNTI during a process of autonomous SI acquisition, no specification change.

Agreement
· 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 

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



In this contribution, some remaining issues to further reduce UE complexity will continue to be discussed.
Discussion on further UE complexity reduction features
UE BB bandwidth reduction
MBS PDSCH bandwidth
For Broadcast MBS PDSCH, the following agreement was reached in RAN1#114 meeting[1].
	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



But for multicast MBS PDSCH, there was no consensus in the last meeting. 
Firstly, according to the current specification, multicast MBS PDSCH is related to the RRC states. Therefore, based on the RRC states and HARQ feedback, the multicast MBS PDSCH can be classified as follows: 
· Case 1: In the RRC INACTIVE state, multicast MBS PDSCH without HARQ feedback 
· Case 2: In the RRC CONNECTED state, multicast MBS PDSCH 
· Case 2a: In the RRC CONNECTED state, multicast MBS PDSCH without HARQ feedback 
· Case 2b: In the RRC CONNECTED state, multicast MBS PDSCH with HARQ feedback 
Secondly, for Case 1, due to the multicast MBS PDSCH does not support HARQ feedback, therefore, in the RRC INACTIVE state, 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 multicast MBS PDSCH. 
Thirdly, for Case 2a, since there is no HARQ feedback timeline requirements, there is no HARQ feedback timeline requirement for the transmission of this type of multicast MBS PDSCH. Furthermore, in the RRC CONNECTED state, 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 multicast MBS PDSCH without HARQ feedback.
Furthermore, for Case 2b, firstly, since the UE is in RRC CONNECTED, the gNB ought to know the UE type. Secondly, since the multicast MBS PDSCH is for the UE group, and the same UE group can contain both legacy UEs and RedCap UEs. To be more, due to legacy UEs, there are HARQ feedback timeline requirements. Therefore, in the RRC CONNECTED state, for UE BB bandwidth reduction, the number of PRBs scheduled in DCI can not be greater than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS for multicast MBS PDSCH with HARQ feedback.
To sum up, we recommend:
Proposal 1  In the RRC INACTIVE state, 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 multicast MBS PDSCH. 
Proposal 2  In the RRC CONNECTED state, 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 multicast MBS PDSCH without HARQ feedback.
Proposal 3  In the RRC CONNECTED state, for UE BB bandwidth reduction, the number of PRBs scheduled in DCI can not be greater than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS for multicast MBS PDSCH with HARQ feedback.
Msg3 Hopping
According to TS 38.213, the frequency resource allocation field for Msg3 PUSCH in MAC RAR is fixed to 14 bits., which is shown in the table 8.2-1 of TS 38.213.
Table 8.2-1: Random Access Response Grant Content field size
	RAR grant field
	Number of bits

	Frequency hopping flag
	1

	PUSCH frequency resource allocation
	12, for operation with shared spectrum channel access in FR1 or for FR2-2 when ChannelAccessMode2-r17 is provided
14, otherwise

	PUSCH time resource allocation
	4

	MCS
	4

	TPC command for PUSCH
	3

	CSI request
	1

	ChannelAccess-CPext
	2, for operation with shared spectrum channel access in FR1 or for FR2-2 when ChannelAccessMode2-r17 is provided
0, otherwise


Specifically, according to TS 38.213, if the R18 eRedcap UE supports hopping, one or two bits in the frequency resource allocation field will be used to indicate the frequency offset for 2nd hop, which is shown in the table 8.3-1 of TS 38.213.
Table 8.3-1: Frequency offset for second hop of PUSCH transmission with frequency hopping scheduled by RAR UL grant or of Msg3 PUSCH retransmission
	[bookmark: MCCQCTEMPBM_00000084]Number of PRBs in initial UL BWP
	Value of  Hopping Bits
	Frequency offset for 2nd hop

	
	0
	

	
	1
	

	
	00
	

	
	01
	

	
	10
	

	
	11
	Reserved



To sum up, it can be seen that when  is larger than 50 PRBs, at most 12 bits can be used to indicate the frequency range of the eRedcap UE. However, according to the , it can be seen that if the bandwidth is 20MHz, some RBs in the entire bandwidth cannot be indicated by the frequency domain resource allocation field. Therefore, the frequency hopping range of Msg3 of the R18 eRedcap UE is very limited. Thus, it is necessary to study how to improve the Msg3 frequency hopping range of R18 eRedcap UE.
Proposal 4  How to improve the Msg3 frequency hopping range of R18 eRedcap UE should be studied.
UE peak data rate reduction
In RAN#100[2], the WID for eRedcap UE is revised as follows:
	Objective of Core part WI
Complexity/cost reduction
· Further reduced UE complexity in FR1 [RAN1, RAN2, RAN4]
· UE peak data rate reduction and UE BB bandwidth reduction (FG 48-1)
· Reduced (25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS) 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.
· Support additional separate early indication(s) [RAN1, RAN2]
· Relaxation of the constraint (vLayers·Qm·f ≥ 4) for peak data rate reduction to 10 Mbps
· The parameters (vLayers, Qm, f) can be as in Rel-17 RedCap.
· UE peak data rate reduction without UE BB bandwidth reduction (FG 48-2)
· FGs 48-1 and 48-2 are designed/targeted to same peak data rate, i.e., 10 Mbps.
· Note 1: Peak data rate of FGs 48-1 and 48-2 is same including unicast and broadcast respectively.
· Note 2: PRB processing capability of FG 48-2 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 FGs 48-1 and 48-2 is Note 2 and vLayers·Qm·f in order to have the same peak rate.
· Note 4: The initial access procedure for FG 48-2 is the same as for FG 48-1.
· 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.
· The peak rate target is 10 Mbps regardless of what optional features the UE may support.



Moreover, for the product of vLayers·Qm·f , the following agreements were reached.
	RAN1#113[3] 
Agreement
· 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

RAN1#114[1]
Agreement
· 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).
Conclusion
· For Rel-18 eRedCap UEs, the following features are still supported as optional features:
· 2 Rx branches with DL MIMO
· DL 256QAM



Furthermore, according to TS 38.306, vLayers, Qm and f are defined as follows 
· vLayers,is the maximum number of supported layers given by higher layer parameter maxNumberMIMOLayersPDSCH for downlink and maximum of higher layer parameters maxNumberMIMO-LayersCB-PUSCH and maxNumberMIMO-LayersNonCB-PUSCH for uplink
· Qm is the maximum supported modulation order given by higher layer parameter supportedModulationOrderDL for downlink and higher layer parameter supportedModulationOrderUL for uplink.
· f is the scaling factor given by higher layer parameter scalingFactor or scalingFactor-1024QAM-FR1 and can take the values 1, 0.8, 0.75, and 0.4.
[bookmark: _GoBack]Therefore, if DL 256 QAM is an optional feature for Rel-18 eRedCap UEs, and as agreed in the last meeting, the calculation of the peak rate does not introduce new parameter values, then the optional feature of DL 256 QAM is only applicable to FG-1, not suitable for FG-2.
Proposal 5  The optional feature of DL 256 QAM is only applicable to FG-1, not suitable for FG-2.
Conclusions
In this contribution, the remaining issues of UE complexity reduction are discussed, and the following proposals are made.
Proposal 1  In the RRC INACTIVE state, 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 multicast MBS PDSCH. 
Proposal 2  In the RRC CONNECTED state, 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 multicast MBS PDSCH without HARQ feedback.
Proposal 3  In the RRC CONNECTED state, for UE BB bandwidth reduction, the number of PRBs scheduled in DCI can not be greater than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS for multicast MBS PDSCH with HARQ feedback.
Proposal 4  How to improve the Msg3 frequency hopping range of R18 eRedcap UE should be studied.
Proposal 5  The optional feature of DL 256 QAM is only applicable to FG-1, not suitable for FG-2.
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