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In RAN1#113 meeting[1], the following agreements were reached:
	Agreement
· For the “FFS: value(s) of X”,
· X = 1/0.5 ms for 15/30 kHz SCS
· Legacy default TDRA table and Δ are reused.
· 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.
· Additional early indication in MsgA PRACH is not supported.
Agreement
· 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
Agreement
· 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.”
Agreement
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
Agreement
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
· The bandwidth of a MsgB scheduled with C-RNTI should be limited in a similar way as Msg4.

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



In this contribution, features that further reduce UE complexity will continue to be discussed.
Discussion on further UE complexity reduction features
UE BB bandwidth reduction
Random access timeline
In RAN1#113 meeting, the following agreement were reached[1].
	Agreement
· For the “FFS: value(s) of X”,
· X = 1/0.5 ms for 15/30 kHz SCS
· Legacy default TDRA table and Δ are reused.
· 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.
· Additional early indication in MsgA PRACH is not supported.



In RAN1#113 meeting, the value of X is determined. This means that for R18 eRedcap UEs, the time between RAR reception and Msg3 transmission is longer than legacy UEs. Moreover, for 2-step RACH, RAN1#113 meeting agreed that the additional early indication in the MsgA PRACH is not supported. Therefore, during 2-step RACH, if the gNB cannot identify the UE type and configure the time between RAR reception and Msg3 transmission to be less than  NT,1 + NT,2 + 0.5 + X ms, UE behavior should be specified. Specifically, since the 4-step RACH supports additional early indications in both Msg1 and Msg3, the 4-step RACH can better identify the UE type compared to the 2-step RACH. Therefore, if the time between the RAR reception and Msg3 transmission configured in the fallback RAR received by the UE during the 2-step RACH process is unreasonable, the upper layer can be notified to switch from 2-step RACH to 4-step RACH, so as to ensure the gNB can quickly identify the UE type and schedule the subsequent procedures reasonably.
Proposal 1  During 2-step RACH, if the gNB cannot identify the UE type, UE behavior should be specified.
Simultaneous reception
	Agreement
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



The simultaneous reception of unicast PDSCH and SI PDSCH triggered by P-RNTI has been widely discussed in previous meeting. And according to the current specification, it can be known that the legacy UE can simultaneously decode the unicast PDSCH and the SI PDSCH triggered by the P-RNTI. But for Rel-18 eRedCap UE with BB bandwidth reduction, since the maximum number of unicast PRBs that UE can process per slot is 5MHz, then the UE cannot simultaneously decode the unicast PDSCH and the SI PDSCH triggered by the P-RNTI when the frequency division multiplexing bandwidth of unicast PDSCH and SI PDSCH triggered by P-RNTI exceeds 5MHz. From our point of view, the above option can be supported when the frequency division multiplexing bandwidth of unicast PDSCH and SI PDSCH triggered by P-RNTI exceeds 5MHz. Next, we will analyze the reasons for choosing option2. First, the current specification stipulates that when unicast decoding is based on capability 2 processing time, the SI PDSCH triggered by the P-RNTI should be decoded first, and the unicast PDSCH can be skipped. That is to say, according to the current specification , P-RNTI has higher priority than unicast PDSCH. Second, P-RNTI triggered SI has more important information for the network system operation, for example, PWS/CMAS notification.Third, as PDSCH may need consecutive time slots to transmit and P-RNTI triggered SI doesn't require HARQ-ACK, it should be prioritied. To sum up, when the frequency division multiplexing bandwidth of the unicast PDSCH and SI PDSCH triggered by P-RNTI exceeds 5 MHz, Option 2 should be supported. In addition, when the frequency division multiplexing bandwidth of the unicast PDSCH and the SI PDSCH triggered by the P-RNTI is less than 5MHz, the UE can simultaneously decode the unicast PDSCH and the SI PDSCH.
Proposal 2  Option 2 should be supported.
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 3  How to improve theMsg3 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.



Specifically, according to the discussion in RAN#100, RAN1 needs to select which combinations of parameters [vLayers, Qm, f] that correspond to the 10-Mbps peak rate target.
Moreover, for the product of vLayers·Qm·f , RAN1#113 meeting made the following agreement.
	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



First, 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.
Therefore, combinations of parameters [vLayers, Qm, f] that correspond to the 10-Mbps peak rate target can be summarized as follows:
· For UE peak data rate reduction with UE BB bandwidth reduction, the combination of [vLayers, Qm, f ] can be {[2,4,0.4], [4,2,0.4], [2,2,0.8]}.
· For UE peak data rate reduction without UE BB bandwidth reduction, the combination of [vLayers, Qm, f ] can be {[1,1,0.75]}. If larger layer and/or larger modulation needs to be support, smaller scaling factor needs to be defined.
Proposal 4  For UE peak data rate reduction without UE BB bandwidth reduction, smaller scaling factor may need to be defined.
Conclusions
In this contribution, the features of UE complexity reduction are discussed, and the following proposals are made.
Proposal 1  During 2-step RACH, if the gNB cannot identify the UE type, UE behavior should be specified.
Proposal 2  Option 2 should be supported.
Proposal 3  How to improve theMsg3 frequency hopping range of R18 eRedcap UE should be studied.
Proposal 4  For UE peak data rate reduction without UE BB bandwidth reduction, smaller scaling factor may need to be defined.
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