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1. Introduction
A new WID on further NR RedCap UE complexity reduction (FS_NR_redcap_enh) was approved at the RAN#97-e meeting and revised at the RAN#98-e meeting [1]. The objectives of the WI are shown below.
	The objective is to specify support for the following enhancements: 
Power saving/energy efficiency enhancements
· Enhanced eDRX in RRC_INACTIVE (>10.24s) [RAN2, RAN3, RAN4]
· Note that this objective requires SA2 and CT1 involvement
Complexity/cost reduction
· Further reduced UE complexity in FR1 [RAN1, RAN2, RAN4]
· UE BB bandwidth reduction
· 5 MHz 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]
· UE peak data rate reduction
· Relaxation of the constraint (vLayers·Qm·f ≥ 4) for peak data rate reduction
· The relaxed constraint is, e.g., 1 (instead of 4).
· The parameters (vLayers, Qm, f) can be as in Rel-17 RedCap.
· 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.
Notes:
· The work defined as part of this WI is not to overlap with LPWA use cases.
· Coexistence with non-RedCap UEs and Rel-17 RedCap UEs should be ensured.
· This WI considers all applicable duplex modes unless otherwise specified.
Check in RAN#99-e regarding:
· Whether UE peak data rate reduction for UE is limited only with UE BB bandwidth reduction or standalone



In this contribution, we discuss on further UE complexity reduction for Rel-18 eRedCap.


2. Discussion
In the following subsections, we provide the discussion for UE BB bandwidth reduction and UE peak rate reduction for further UE complexity reduction.


2.1. UE BB bandwidth reduction
2.1.1. Timeline between Msg2 - Msg3 and Msg1-based separate early indication
At the RAN1#112 and 112bis-e meeting, the following agreement was made;
	Agreement (RAN1#112):
For the earlier RAN1 agreement achieved in RAN1#111 as following,
	For UE BB bandwidth reduction, for RAR (PDSCH) to Rel-18 RedCap UEs, the scheduling of RAR PDSCH is allowed to be larger than the maximum number of unicast PRBs that the UE can process per slot.
· When the scheduling of RAR PDSCH is within the maximum number of unicast PRBs that the UE can process per slot, the legacy time between RAR reception and Msg3 transmission (not smaller than NT,1 + NT,2 + 0.5 ms) is applied.
· When the scheduling of RAR PDSCH is larger than the maximum number of unicast PRBs that the UE can process per slot,
· The UE receives the RAR and correspondingly transmits Msg3 if the TDRA for Msg3 in UL grant in RAR indicates that the time between RAR reception and Msg3 transmission is NOT smaller than NT,1 + NT,2 + 0.5 + X ms.
· FFS: value(s) of X
· Otherwise, the UE behavior is up to the UE implementation.
· Note: it does not mean early indication is needed
· Note: it will not be used as example for unicast PDSCH



For the “FFS: value(s) of X”
· X = [0.5/0.25 or 1/0.5 or 2/1] ms for 15/30kHz SCS
· Note: Single Value pair for X is to selected for SCSs
Agreement (RAN1#112bis-e):
Down-select one among the following options in RAN1#113:
· Option 1:
· For the “FFS: value(s) of X”,
· X = 0.5/0.25 ms for 15/30 kHz SCS
· Note: Legacy default TDRA table and Δ are reused.
· A network-configurable additional separate early indication in Msg1 for Rel-18 eRedCap UEs is not supported.
· When Msg1 indication for Rel-17 RedCap UEs is configured, it is used by Rel-18 eRedCap UEs (with or without UE BB bandwidth reduction).
· Option 2:
· For the “FFS: value(s) of X”,
· X = 1/0.5 ms for 15/30 kHz SCS
· Note: Legacy default TDRA table and Δ are reused.
· A network-configurable additional separate early indication in Msg1 for Rel-18 eRedCap UEs is not supported.
· When Msg1 indication for Rel-17 RedCap UEs is configured, it is used by Rel-18 eRedCap UEs (with or without UE BB bandwidth reduction).
· Option 3:
· For the “FFS: value(s) of X”,
· X = 1/0.5 ms for 15/30 kHz SCS
· FFS: Whether 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).
· Option 4:
· For the “FFS: value(s) of X”,
· X = 0.5/0.25 ms for 15/30 kHz SCS
· Note: 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 RedCap UEs is configured, it is used by Rel-18 eRedCap UEs (with or without UE BB bandwidth reduction).



In the current specification, the minimum time separation between the last symbol of RAR PDSCH and the first symbol of Msg3 PUSCH is specified as NT,1 + NT,2 + 0.5 ms. This timeline is specified regardless of the RAR PDSCH bandwidth, however, the capable BB bandwidth per slot is restricted for Rel-18 eRedCap and the timeline may need to be extended depending on the PDSCH BB bandwidth.
According to the above agreement at the RAN1#112 meeting, when the scheduling of RAR PDSCH is larger than the maximum number of unicast PRBs that the UE can process per slot, the minimum time separation between RAR and Msg3 is extended as NT,1 + NT,2 + 0.5 + X ms for Rel-18 eRedCap UE. In addition, based on the agreement at the RAN1#112bis-e meeting, the exact value of X would be down-selected from 0.5/0.25 or 1/0.5 ms for 15/30 kHz SCS and whether to support Msg1 separate early indication of Rel-18 eRedCap can be discussed for each set of values for X.

Analysis on available TDRA configuration of Msg3 PUSCH
According to the current specification, NT,1 + NT,2 + 0.5 equals to 31/39 symbols for 15/30 kHz SCS respectively when dmrs-AdditionalPosition ≠ 'pos0' for legacy UEs. If the processing time for RAR PDSCH reception and Msg3 PUSCH transmission is expanded as NT,1 + NT,2 + 0.5 + X ms for Rel-18 eRedCap UEs, the processing time for 15/30 kHz SCS each would be 38/46 symbols with X = 0.5/0.25 ms and 45/53 symbols with X = 1/0.5 ms.
As for Msg3 PUSCH scheduling by UL grant in RAR, the offset from RAR PDSCH reception slot n is n + K2 + , where K2 is indicated based on the default TDRA table for PUSCH (table6.1.2.1.1-2/6.1.2.1.1-4 in TS 38.214) and  is specified for each SCS (table 6.1.2.1.1-5 in TS 38.214). The time separation between RAR PDSCH and Msg3 PUSCH can be shortest when the PDSCH ends in the last symbol in the slot n and the PUSCH starts from very first symbol in the slot n + K2 + . For this case, the time separation would be K2 +  -1 slots which corresponds to K2 +1 for 15 kHz SCS and K2 +2 slots for 30 kHz SCS.

Table 6.1.2.1.1-2: Default PUSCH time domain resource allocation A for normal CP [3]
[image: ]

Table 6.1.2.1.1-4: Definition of value j [3]
[image: ]

Table 6.1.2.1.1-5: Definition of value Δ [3]
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Considering that this offset between RAR PDSCH and Msg3 PUSCH (i.e., K2 +1 for 15 kHz SCS and K2 +2 slots for 30 kHz SCS) needs to be larger than the UE processing time for Rel-18 eRedCap UEs (i.e., 38/46 symbols with X = 0.5/0.25 ms and 45/53 symbols with X = 1/0.5 ms for 15/30 kHz SCS), the following TDRA configurations of Msg3 PUSCH are invalid;
· When X = 0.5/0.25 for 15/30 kHz SCS is supported, 
· K2 = j is not available for 15/30 kHz SCS for Rel-18 eRedCap UE.
· When X = 1/0.5 for 15/30 kHz SCS is supported, 
· K2 = j and j+1 are not available for 15 kHz SCS for Rel-18 eRedCap UE.
· K2 = j is not available for 30 kHz SCS for Rel-18 eRedCap UE.

Observation 1: For UE BB bandwidth reduction,
· when X = 0.5/0.25 for 15/30 kHz SCS is supported for timeline between RAR PDSCH and Msg3 PUSCH for Rel-18 eRedCap UE, 
· K2 = j is not available for 15/30 kHz SCS.
· when X = 1/0.5 for 15/30 kHz SCS is supported for timeline between RAR PDSCH and Msg3 PUSCH for Rel-18 eRedCap UE, 
· K2 = j and j+1 are not available for 15 kHz SCS.
· K2 = j is not available for 30 kHz SCS.
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Based on the observation 1, X=0.5/0.25 for 15/30 kHz SCS is preferable which can minimize the restriction on Msg3 PUSCH TDRA for Rel-18 eRedCap, 
If X=1/0.5 for 15/30 kHz SCS is supported, new default TDRA table can provide the sufficient flexibility for the TDRA as captured as FFS in option 3 in the agreement, or pusch-TimeDomainAllocationList specific to Rel-18 eRedCap in pusch-ConfigCommon can be introduced so that NW can configure separate TDRA table for Msg3 PUSCH TDRA.
Given that it was agreed to share the same early indication between Rel-18 eRedCap UE supporting BB bandwidth reduction + peak rate reduction and UE supporting peak rate reduction only, the TDRA table for Msg3 PUSCH should be shared between the UEs as well to avoid the Msg3 PUSCH TDRA misalignment. Therefore, if new TDRA table or  is specified for Rel-18 eRedCap, Rel-18 eRedCap UE supporting peak rate reduction only should also support such feature for Msg3 PUSCH TDRA enhancement.

Separate early indication for Rel-18 eRedCap
At the RAN#98-e meeting, it was agreed to include the separate early indication of Rel-18 eRedCap as the scope of this WI. Therefore, at least either Msg1 or Msg3 based separate early indication would be supported.
At RAN2#121 meeting, the following agreement was made; Based on the agreement at RAN2, RAN1 should clarify whether Msg1-based separate early indication is necessary for Rel-18 eRedCap.
	Introduce Msg3/MsgA PUSCH based early indication for Rel-18 eRedCap. FFS how to implement this in the spec (e.g., new LCIDs or not).
We will wait for RAN1 progress to see if there is a need for a Msg1 early indication for eRedCap.



Based on the agreement at the RAN1#111 meeting below, a cell supporting Rel-18 eRedCap UE has to ensure that the bandwidth for Msg3 is not to exceed 5 MHz for Rel-18 eRedCap UEs;
	Agreement:
For UE BB complexity reduction, a UE is not expected to receive an UL grant in a RAR or in a DCI scrambled with TC-RNTI with a Msg3 PUSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot or per hop, if applicable.



In addition, as we discussed for the observation 1 above, the valid K2 and SLIV configuration for Msg3 PUSCH would be limited for Rel-18 eRedCap UEs due to the processing time extension when the RAR PDSCH is scheduled with larger bandwidth than 5MHz. This means that if a separate early indication via Msg1 for Rel-18 eRedCap is not supported, the same restriction on Msg3 PUSCH TDRA configuration would be applied even for Rel-17 RedCap UEs. 
Several companies insisted that the payload size for RAR is relatively small and 5MHz bandwidth is sufficient even for legacy UEs, however, there are some cases that the payload size can be large so that bandwidth larger than 5MHz is required. For example, multiple RAR massages for different UEs can be multiplexed in a single MAC PDU which is transmitted in a RAR PDSCH, and then the payload size can be large so that 5MHz BW is not sufficient. Therefore, the payload size for RAR is not always small and 5MHz bandwidth is not sufficient for some cases.
Hence, a separate early indication via Msg1 is necessary for NW to avoid such restrictions on Rel-17 RedCap UEs and potential impacts on the current deployment.

Whether to support the Msg1-based separate early indication was extensively discussed at the previous meetings and there seems no drawback to support it from RAN1 perspective while majority of companies see the necessity on it. Accordingly, RAN1 should conclude that the Msg1-based separate early indication is necessary.
Regarding specification impacts to support the separate early indication via Msg1, the only expected impact is for RAN2 spec. While the details should be discussed in RAN2, the Rel-17 framework can be easily reused, i.e., RACH partitioning is configured by gNB and a UE transmits PRACH based on its capability, thus we don’t see any concern on the workload. In addition, though the complexity on PRACH partitioning is concerned, whether to use Msg1-based separate early indication is up to NW, and hence it would not be the reason not to support the separate early indication as specification.

Based on the discussion above, to avoid such restriction on RAR and Msg3 FDRA and TDRA, separate early indication should be supported which is essential for NW to apply different handling between Rel-18 eRedCap and Rel-17 RedCap UEs. Accordingly, we suggest to down-select from option 3 or 4 in the agreement at the last RAN1 meeting. In addition, option 4 is preferable which can minimize the restriction on Msg3 PUSCH TDRA for Rel-18 eRedCap.

Similar to Rel-17 RedCap, separate early indication based on MsgA PRACH should be supported if Msg1-based separate early indication for Rel-18 eRedCap is supported.

Proposal 1:
When the scheduling of RAR PDSCH is larger than the maximum number of unicast PRBs that the UE can process per slot, down-select from option 3 or 4 in the agreement at the RAN1#112bis-e meeting.
· If option 3 is supported, new default PUSCH TDRA table specific to Rel-18 eRedCap or pusch-TimeDomainAllocationList specific to Rel-18 eRedCap UE in pusch-ConfigCommon can be considered.
· For Msg1-based early indication, the same handling should be applied for MsgA PRACH early indication.


2.1.2. MsgB PDSCH bandwidth
At the RAN1#112bis-e meeting, it was discussed how to handle MsgB PDSCH bandwidth restriction, i.e., which handling as Msg2 or Msg4 should be applied, but no consensus was achieved.
In our view, considering that the multiple RAR massages for different UEs can be multiplexed in a single MAC PDU which is transmitted in a MsgB PDSCH same as Msg2 PDSCH, it is reasonable to apply the same handling as Msg2. More specifically, the scheduling of RAR PDSCH is allowed to be larger than the maximum number of unicast PRBs that the UE can process per slot and especially when the larger number of PRBs than the maximum number that a UE can process per slot is allocated, the processing timeline between MsgB PDSCH and corresponding HARQ-ACK transmission needs to be relaxed. This timeline relaxation would be discussed in section 2.1.3.

Proposal 2:
For UE BB bandwidth reduction, for MsgB PDSCH to Rel-18 RedCap UEs, the scheduling of MsgB PDSCH is allowed to be larger than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS.


2.1.3. Enhancements on processing timeline for random access
At the RAN1#112bis-e meeting, it was agreed that the following processing timelines for random access would be discussed in addition to the processing timeline between RAR PDSCH and Msg3 PUSCH.
	Agreement:
The potential timeline relaxations for the following cases are FFS:
· For 2-step RACH:
· Case 2a: Between reception of fallbackRAR and transmission of Msg3
· Case 2b: Between reception of successRAR and transmission of corresponding HARQ-ACK
· For 4-step RACH:
· 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



First, for case2a, the same handling as the processing timeline between RAR PDSCH and Msg3 PUSCH should be simply applied, i.e., the processing timeline between reception of fallbackRAR and transmission of Msg3 should be extended as NT,1 + NT,2 + 0.5 + X ms.
Secondly, for case 4a and 4b, similar to case2a, processing timeline relaxation is required when the corresponding PDSCH is scheduled with larger BW than Rel-18 eRedCap UEs can process. More specifically, the timeline would be relaxed as NT,1 + 0.75 + X ms. Given that this timeline refers the time separation between PDSCH reception and the earliest possible timing of PRACH retransmission, it would be up to UE implementation which RO to retransmit PRACH and no further enhancement related to the RO configuration restriction is required. It should be noted that the similar timeline is specified for 2-step RACH, and hence this timeline extension should be applied for 2-step RACH.
Finally, for case 2b, as we discussed in section 2.1.2, MsgB PDSCH resource allocation should be the same as Msg2 PDSCH which implies that the PDSCH can be scheduled with larger bandwidth than the maximum PRBs that Rel-18 eRedCap UEs can process per slot. With this assumption, the processing timeline between MsgB PDSCH and corresponding HARQ-ACK transmission needs to be relaxed as well. i.e., NT,1 + 0.5 + Xms. If the timeline is extended, the valid values on PDSCH-to-HARQ-ACK timing for common PUCCH would be restricted for Rel-18 eRedCap, however, we don’t think this restriction is critical so that enhancements on the PDSCH-to-HARQ-ACK timing specific to Rel-18 eRedCap, e.g., the candidate values on PDSCH-to-HARQ-ACK timing is extended as 3-10 slots, is required.
For all the cases above, the timeline relaxation corresponds to the PDSCH processing and preparation for the corresponding uplink transmission when the resource is allocated with larger PRBs than the UE can proceed. Hence the same relaxed duration X can be applied for all the cases in general

Proposal 3:
For UE BB bandwidth reduction, when the scheduling of RAR/MsgB PDSCH is larger than the maximum number of unicast PRBs that the UE can process per slot,
· the processing timeline should be relaxed to NT,1+ NT,2+0.5+Xms for the following cases with 2-step RACH
· Between reception of fallbackRAR and transmission of Msg3
· the processing timeline should be relaxed to NT,1+0.75+Xms for the following cases with 2-step and 4-step RACH
· Between reception of RAR PDSCH in which UE does not correctly receive the transport block and upcoming transmission of PRACH
· Between reception of RAR with RAPID which is not associated with the corresponding PRACH transmission and upcoming transmission of PRACH
· the processing timeline should be relaxed to NT,1+0.5+Xms for the following cases with 2-step RACH
· Between reception of successRAR and transmission of corresponding HARQ-ACK


2.1.4. PUCCH capacity for Msg4 HARQ-ACK
In the current specification, if intra-slot frequency hopping is disabled, only one base sequence is generated for the PUCCH transmission. On the other hand, if intra-slot frequency hopping is enabled, one base sequence is generated per hop for the PUCCH transmission as shown in Fig. 3. Therefore, if a PUCCH without intra-slot frequency hopping transmitted from RedCap/eRedCap UE and a PUCCH with intra-slot frequency hopping transmitted from non-RedCap UE are overlapped, they would interfere with each other irrespective of the applied CS since they have high cross-correlation.
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Fig.3  Base sequence(s) for PUCCH with/without intra-slot frequency hopping (current spec)

As discussed in the section 2.1.1, especially for a cell supporting Rel-18 eRedCap, we believe it is essential to ensure the user multiplexing capacity for random access. However, as explained above, PUCCH resources cannot be multiplexed with CS when the PUCCH intra-slot frequency hopping is disabled. As a result, the capacity for common PUCCH cannot be ensured with CS. The user multiplexing capacity can be provided with FDM, i.e., additional PRB offset which was supported for Rel-17 RedCap. However, especially for the case when SCS is 30 kHz SCS and the separate initial BWP is configured as 5MHz for Rel-18 eRedCap, the max number of PRB is [11] and the additional PRB offset can be affect to the PUSCH fragmentation even if the PRB offset is 2 RBs for common PUCCH. Therefore, considering such case, it is preferable to support the multiplexing with CS.
Even if intra-slot frequency hopping is disabled, two base sequences can be generated as if intra-slot frequency hopping is enabled for the PUCCH transmission as shown in Fig. 4. In this case, even if a PUCCH without intra-slot frequency hopping transmitted from Rel-18 eRedCap UE and a PUCCH with intra-slot frequency hopping transmitted from legacy UE are overlapped, their interference can be sufficiently suppressed if different CS is applied to each UE. Therefore, we propose following:

Proposal 4: When intra-slot PUCCH frequency hopping within the separate initial UL BWP in the PUCCH resource for HARQ feedback for Msg4/MsgB for RedCap UEs is disabled, the UE generates two base sequences for the PUCCH as if intra-slot frequency hopping is enabled for the PUCCH transmission.
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Fig.4  Base sequences for PUCCH with/without intra-slot frequency hopping (proposal)


2.1.5. Simultaneous reception of two PDSCHs
[bookmark: _Hlk101855471]At the RAN1#112bis-e meeting, the following conclusion was made;
	Conclusion:
For UE BB bandwidth reduction, for autonomous SI acquisition, 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.”
· FFS: Msg4 PDSCH scheduled by TC-RNTI case



SI PDSCH triggered by P-RNTI and unicast PDSCH scheduled by C-RNTI, MCS-C-RNTI or CS-RNTI
At the previous RAN1 meeting, it was agreed that the number of PRBs that a UE can process is restricted as 5MHz per slot and the number of PRBs for unicast PDSCH cannot be larger than 5MHz for Rel-18 eRedCap UE not to extend the PDSCH processing time for HARQ-ACK preparation. Considering that there is no corresponding uplink transmission for SI PDSCH triggered by P-RNTI, the SI PDSCH can be proceeded across multiple slots even for legacy UEs. Therefore, both SI PDSCH triggered by P-RNTI and unicast PDSCH scheduled by C-RNTI, MCS-C-RNTI or CS-RNTI can be proceeded even if they are overlapped in time domain. However, some companies concerned the case where the PDSCH scheduled by C-RNTI, MCS-C-RNTI or CS-RNTI is scheduled in consequent multiple slots. For this case, back-to-back processing would be required, then the UE cannot proceed the overlapped SI PDSCH. In our view, it is corner case that NW schedules unicast PDSCHs in consequent multiple slots which overlap with the SI PDSCH triggered by P-RNTI. Furthermore, according to the conclusion at the RAN1#112 meeting, the simultaneous reception of two PDSCHs each scheduled with P-RNTI and RA-RNTI would be supported while PDSCH scheduled with RA-RNTI has corresponding uplink transmission and processing timeline requirement. In that sense, the same principle should be applied for SI PDSCH triggered by P-RNTI and unicast PDSCH scheduled by C-RNTI, MCS-C-RNTI or CS-RNTI.
	Conclusion:
For UE BB complexity reduction, there is no need to relax the requirements on simultaneous reception of two broadcast PDSCH transmissions for SIB1/OSI/paging/RAR.



Proposal 5:
For UE BB bandwidth reduction, the simultaneous reception of SI PDSCH triggered by P-RNTI and unicast PDSCH scheduled by C-RNTI, MCS-C-RNTI or CS-RNTI should be supported without any specification impact.

SI PDSCH and PDSCH scheduled by TC-RNTI
Based on the above conclusion at the RAN1#112bis-e meeting, it is FFS when PDSCHs scheduled with TC-RNTI and SI PDSCH is multiplexed in the same time domain resource.
According to the following excerption from TS38.214 [3], legacy UE supports the simultaneous reception of two PDSCH even when the one PDSCH is scheduled with TC-RNTI and another PDSCH is scheduled with SI-RNTI or P-RNTI.
	The UE in RRC_IDLE and RRC_INACTIVE modes shall be able to decode two PDSCHs each scheduled with SIRNTI, P-RNTI, RA-RNTI or TC-RNTI, with the two PDSCHs partially or fully overlapping in time in non-overlapping PRBs.



According to the following conclusion at the RAN1#112 meeting, the simultaneous reception of two PDSCHs each scheduled with SI-RNTI, P-RNTI or RA-RNTI would be supported.
	Conclusion:
For UE BB complexity reduction, there is no need to relax the requirements on simultaneous reception of two broadcast PDSCH transmissions for SIB1/OSI/paging/RAR.



Accordingly, similar to the case for SI PDSCH triggered by P-RNTI and unicast PDSCH scheduled by C-RNTI, MCS-C-RNTI or CS-RNTI, the same principle can be applied even when the PDSCH is scheduled with TC-RNTI. Therefore, we propose to update the conclusion at the RAN1#112 as follows;
Proposal 6:
For UE BB complexity reduction, there is no need to relax the requirements on simultaneous reception of two broadcast PDSCH transmissions for SIB1/OSI/paging/RAR/PDSCH is scheduled with TC-RNTI.


2.2. UE peak rate reduction
2.2.1. Constraint relaxation on peak rate calculation
In addition to UE BB bandwidth reduction to 5MHz in FR1, another complexity reduction feature, further UE peak data rate reduction, is captured in WID objective. For Rel-17 RedCap, the target peak data rate was set as 150 Mbps. In Rel-18, the target peak data rate is reduced to 10 Mbps for further UE complexity reduction. 
During the SI phase for Rel-18 eRedCap, three options of peak rate reduction was studied and it was concluded at the RAN1#110 and RAN#97-e meetings that peak rate reduction option PR1 in SI, i.e., relaxation of the constraint (vLayers·Qm·f ≥ 4), is captured as the discussion scope for peak rate reduction in the WID. 
As captured in TR38.865 section 7.3, significant impacts for PR1 are not expected, however, at least the exact value of relaxed constraint for peak rate reduction should be decided and the following agreements were made at the previous RAN1 meetings;
	Agreement:
· UE peak data rate reduction is supported at least as an add-on to UE BB bandwidth reduction,
· The constraint vLayers·Qm·f ≥ 4 is relaxed to vLayers·Qm·f ≥ X.
· FFS: the value of X 
· If UE peak data rate reduction is supported as a standalone feature,
· The constraint vLayers·Qm·f ≥ 4 is relaxed to vLayers·Qm·f ≥ Y.
· FFS: the value of Y
· Note: Whether this option is supported will be decided in RAN plenary.
Agreement:
Revise the earlier agreement by removing the square brackets like this:
· The minimum DL peak rate target (for FD-FDD) is [10] Mbps based on peak data rate calculation according to 38.306.
· The same value for X is used for DL and UL
Agreement:
For the relaxed constraint X in the following earlier RAN1 agreement, down-select between X = 3 and X = 3.2.
	· UE peak data rate reduction is supported at least as an add-on to UE BB bandwidth reduction,
· The constraint vLayers·Qm·f ≥ 4 is relaxed to vLayers·Qm·f ≥ X.
· FFS: the value of X






In addition, at the RAN#99 meeting, the following proposal was endorsed, and hence the peak rate reduction can be supported as standalone feature as Rel-18 eRedCap targeting 10 Mbps;
	Rel-18 eRedCap UE capable of 20MHz + PR1 and Rel-18 eRedCap UE capable of BW3/PR3 + PR1 are designed/targeted to same peak data rate, i.e., 10Mbps
Note 1: Peak data rate of "Rel-18 eRedCap: UE capable of 20MHz + PR1" and "Rel-18 eRedCap: UE capable of BW3/PR3 + PR1" is same including unicast and broadcast respectively.
Note 2: PRB processing capability of "Rel-18 eRedCap: UE capable of 20MHz + PR1" 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 "Rel-18 eRedCap: UE capable of 20MHz + PR1" and "Rel-18 eRedCap: UE capable of BW3/PR3 + PR1" is Note 2 and vLayers·Qm·f   in order to have the same peak rate.
Note 4: The initial access procedure of Rel-18 eRedCap UE capable of 20MHz + PR1 is realized by following:
· Same as Rel-18 eRedCap UE capable of BW3/PR3 + PR1



Regarding the data rate for NR, it is calculated by the following equation according to TS38.306 [3];


wherein
J is the number of aggregated component carriers in a band or band combination
Rmax = 948/1024
For the j-th CC,
[image: ] is the maximum number of layers 

 is the maximum modulation order

is the scaling factor 

 is the numerology


 is the average OFDM symbol duration in a subframe for numerology 


 is the maximum RB allocation in bandwidth  with numerology 

is the overhead and takes the following values. [0.14], for frequency range FR1 for DL

Based on the agreement at the RAN#99 meeting that the same peak rate is supported for both UE supporting peak rate reduction as add-on feature and UE support peak rate reduction as standalone feature, at the RAN1#112bis-e meeting, it was discussed whether 10Mbps target peak rate is the fixed peak rate while we agreed and discussed 10Mbps as minimum peak rate through the previous meetings. For Rel-17 RedCap UE, the peak rate can be different depending on the UE capability related to peak rate calculation and the same principle would be simply applied for Rel-18 eRedCap UE. However, if the peak rate can be larger than 10Mbps, how the peak rate can be large for Rel-18 eRedCap is unclear and some companies proposed to decide the upper bound of peak rate in RAN1. In our view, the peak rate range discussion is related to the scope of Rel-18 eRedCap and hence it is more appropriate to be discussed in RAN plenary.

Proposal 7:
For UE peak rate reduction, the peak rate for Rel-18 eRedCap can be larger than 10 Mbos depending on its capability.
· Whether/how to define the upper bound of peak rate can be discussed in RAN#100.

On the other hand, as we discussed in the previous meetings, the relaxed constraint on vLayers·Qm·f for peak rate calculation should be discussed in RAN1 given that the target peak rate is 10 Mbps.
According to the agreement at the RAN1#112 meeting and discussion at the RAN1#112bis-e meeting, the candidate value on the relaxed constraint is 3 or 3.2 for peak rate reduction as add-on feature and 0.75 or 0.8 for peak rate reduction as standalone feature. Depending on the relaxed constraint value, the number of combinations for vLayers, Qm, f would be different. If 10 Mbps is the minimum peak rate, smaller value can provide more combinations of vLayers, Qm,  f. However, especially for peak rate reduction as add-on feature, majority of companies support 3.2 since peak rate would be a bit smaller than 10 Mbps for 30 kHz SCS when the constraint value is 3. Therefore, given that the difference between these candidates values seems marginal from cost/complexity saving gain perspective, either value is fine for us.

.
3. Conclusion
In this contribution, we discussed UE BB bandwidth reduction and UE peak data rate reduction for further UE complexity reduction. Based on the discussion, we made following observation and proposals.

Observation 1: For UE BB bandwidth reduction,
· when X = 0.5/0.25 for 15/30 kHz SCS is supported for timeline between RAR PDSCH and Msg3 PUSCH for Rel-18 eRedCap UE, 
· K2 = j is not available for 15/30 kHz SCS.
· when X = 1/0.5 for 15/30 kHz SCS is supported for timeline between RAR PDSCH and Msg3 PUSCH for Rel-18 eRedCap UE, 
· K2 = j and j+1 are not available for 15 kHz SCS.
· K2 = j is not available for 30 kHz SCS.

Proposal 1:
When the scheduling of RAR PDSCH is larger than the maximum number of unicast PRBs that the UE can process per slot, down-select from option 3 or 4 in the agreement at the RAN1#112bis-e meeting.
· If option 3 is supported, new default PUSCH TDRA table specific to Rel-18 eRedCap or pusch-TimeDomainAllocationList specific to Rel-18 eRedCap UE in pusch-ConfigCommon can be considered.
· For Msg1-based early indication, the same handling should be applied for MsgA PRACH early indication.

Proposal 2:
For UE BB bandwidth reduction, for MsgB PDSCH to Rel-18 RedCap UEs, the scheduling of MsgB PDSCH is allowed to be larger than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS.

Proposal 3:
For UE BB bandwidth reduction, when the scheduling of RAR/MsgB PDSCH is larger than the maximum number of unicast PRBs that the UE can process per slot,
· the processing timeline should be relaxed to NT,1+ NT,2+0.5+Xms for the following cases with 2-step RACH
· Between reception of fallbackRAR and transmission of Msg3
· the processing timeline should be relaxed to NT,1+0.75+Xms for the following cases with 2-step and 4-step RACH
· Between reception of RAR PDSCH in which UE does not correctly receive the transport block and upcoming transmission of PRACH
· Between reception of RAR with RAPID which is not associated with the corresponding PRACH transmission and upcoming transmission of PRACH
· the processing timeline should be relaxed to NT,1+0.5+Xms for the following cases with 2-step RACH
· Between reception of successRAR and transmission of corresponding HARQ-ACK

Proposal 4: When intra-slot PUCCH frequency hopping within the separate initial UL BWP in the PUCCH resource for HARQ feedback for Msg4/MsgB for RedCap UEs is disabled, the UE generates two base sequences for the PUCCH as if intra-slot frequency hopping is enabled for the PUCCH transmission.

Proposal 5:
For UE BB bandwidth reduction, the simultaneous reception of SI PDSCH triggered by P-RNTI and unicast PDSCH scheduled by C-RNTI, MCS-C-RNTI or CS-RNTI should be supported without any specification impact.

Proposal 6:
For UE BB complexity reduction, there is no need to relax the requirements on simultaneous reception of two broadcast PDSCH transmissions for SIB1/OSI/paging/RAR/PDSCH is scheduled with TC-RNTI.

Proposal 7:
For UE peak rate reduction, the peak rate for Rel-18 eRedCap can be larger than 10 Mbos depending on its capability.
· Whether/how to define the upper bound of peak rate can be discussed in RAN#100.
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