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1 Introduction
During RAN1#112bis-e meeting, the following agreements on further complexity reduction for eRedCap UEs were achieved.
	Agreement

Confirm the following working assumption by assuming that Msg3 indication is available

Working Assumption

· For UE BB complexity reduction, a UE is able to receive a Msg4 PDSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot.

· The UE is not required to process a Msg4 PDSCH with a larger number of PRBs than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS.

Agreement

Update the agreements for SI PDSCH with the clarification as follows:

· For UE BB bandwidth reduction, for SIB1 (PDSCH),

· Allow the scheduling of SIB1 to be larger than 5 MHz (as in legacy operation). The scheduling of SIB1 PDSCH is allowed to be larger than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS.
· For UE BB bandwidth reduction, for broadcast OSI (PDSCH),

· Allow the scheduling of broadcast OSI (PDSCH) to be larger than 5 MHz (as in legacy operation). The scheduling of OSI PDSCH is allowed to be larger than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS.
Agreement

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).
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

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

R1-2304258
[Draft] LS on Msg4 PDSCH transmission to Rel-18 eRedCap Ues
Moderator (Ericsson)

Agreement

Draft LS R1-2304258 is endorsed in principle with changing “to specify” to “to consider”. Final LS is approved in R1-2304262.




Besides, during RAN#99 meeting, the following proposal was endorsed for further complexity reduction for eRedCap UEs[1].

	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




In this contribution, we will focus on several issues to further reduce UE complexity/cost in FR1 and share our considerations.  

2 Discussion 
2.1 Further UE bandwidth reduction
In RAN#97 meeting, option BW3/PR3 is chosen as the main solution to further reduce UE bandwidth [2]. For BW3/PR3, as shown in the Figure 1, the baseband bandwidth of PDSCH (for both unicast and broadcast) and PUSCH is limited within 25PRBs for 15KHz SCS and 12PRBs for 30KHz SCS, and other control channels and signals as well as the RF channel bandwidth remain the same 20MHz as for R17 RedCap UEs in FR1. In this section, several remaining issues relevant to further UE bandwidth reduction are discussed respectively. In this section, the Rel-18 RedCap UEs refers to the UEs capable of BW3/PR3, unless otherwise specified.
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Figure 1 Example of UE BB bandwidth reduction
Simultaneous reception 
For simultaneous reception of a unicast PDSCH and a broadcast PDSCH, there is two left-over issues needs to be further discussed. 

The first issue is, whether the Rel-18 RedCap UE in RRC_IDLE and RRC_INACTIVE modes is required to decode a broadcast PDSCH scheduled with SI-RNTI, P-RNTI or RA-RNTI, and a unicast PDSCH scheduled with TC-RNTI, which are partial or full overlapping in the time domain resources. In other words, whether the following specification in Clause 5.1 of TS 38.214 can be applicable for Rel-18 RedCap UE without any change.  
	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.


The second issue is, whether the Rel-18 RedCap UE with Capability 1 is required to decode a P-RNTI triggered SI PDSCH and a unicast PDSCH scheduled with C-RNTI, MCS-C-RNTI or CS-RNTI, which are partial or full overlapping in the time domain resource. That is, whether the following specification in Clause 5.1 of TS 38.214 can be applicable for Rel-18 RedCap UE without any change.
	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. 


Essentially, the above two issues are quite similar and share the same situation. Both Msg4 PDSCH scheduled by TC-RNTI (also can be taken as a kind of unicast PDSCH) and other unicast PDSCHs are followed by HARQ feedback. So, some companies concern that the simultaneous reception for Rel-18 RedCap may have an impact on the processing timeline requirement for the unicast PDSCH. However, the legacy NR normal UE actually have similar problems. If the broadcast PDSCH is processed at first, it will affect the timeline requirement of the unicast PDSCH.  While, in Rel-15 for NR normal UE, this problem is resolved by UE implementation and no additional spec efforts is introduced. More specifically, a redundancy capability can be added to the UE’s PDSCH processing, such as a parallel pipeline. Alternatively, the UE can also be implemented to prioritize the unicast PDSCH processing, which may be up to each chipset’s implementation. Therefore, a similar approach can be followed for Rel-18 RedCap. In other words, the above two paragraphs described in Clause 5.1 of TS 38.214 can be applied for Rel-18 RedCap UEs without any further modification.
Proposal 1: The Rel-18 RedCap UE is required to decode a broadcast PDSCH and a unicast PDSCH (including Msg4 PDSCH scheduled by TC-RNTI). No spec change is needed.

MBS PDSCH bandwidth

According to TS 38.306, except for CA, MR-DC, DAPS, CPAC and IAB related UE features, all other features are applicable to Rel-17 RedCap UEs. And, according to Rel-18 RedCap WID[2], all UE capabilities applicable to Rel-17 RedCap UEs are applicable to Rel-18 RedCap UEs. So, it is nature for Rel-18 RedCap to support MBS. Therefore, there is an issue to be considered is whether the maximum number of RBs for MBS PDSCH is no more than 25PRBs for 15KHz SCS and 12 PRBs for 30KHz SCS for Rel-18 RedCap. From our point of view, for the broadcast MBS, including broadcast MCCH and MTCH,  considering that there is no feedback after receiving the PDSCH, so the broadcast MBS PDSCH bandwidth needn’t to be limited within 5MHz, just share the similar situation as other broadcast PDSCH channels, e.g., SIB1, OSI, paging and RAR. While, for multicast MTCH in the RRC_CONNECTED state, there is NACK-only feedback on behind of the PDSCH reception. In order to avoid introduce additional spec impact, we propose to restrict the number of PRBs for multicast MTCH scheduling.

Proposal 2: For broadcast MBS PDSCH, Allow the scheduling to be larger than 5MHz (as in legacy operation).
Proposal 3: For multicast MBS PDSCH, the number of PRBs scheduled in DCI is not larger than 25PRBs for 15KHz SCS and 12PRBs for 30KHz SCS. 

Msg4 PDSCH bandwidth

When Msg4 is scheduled by TC-RNTI and contention arises between a legacy UE and a Rel-18 RedCap UE, the Rel-18 RedCap UE may decode a DCI with Msg4 PDSCH resource allocation larger than 5MHz, which is intended for the legacy UE. However, if contention arises between a legacy UE and a Rel-18 RedCap UE and contention resolution for the legacy UE is successful when Msg4 is scheduled by C-RNTI, the Rel-18 RedCap UE cannot decode a DCI until the contention resolution timer expires. Specifically, the Rel-18 RedCap UE will not be able to read a DCI field with Msg4 PDSCH resource allocation larger than 5MHz in this scenario. In other words, for Msg4 PDSCH scheduled by C-RNTI, its bandwidth must always be limited to 5MHz. To address this, we recommend revising our previous agreements, which were achieved in the last RAN1 meeting, to differentiate between these two cases.
Proposal 4: Revise the agreement on Msg4 PDSCH bandwidth to distinguish the Msg4 PDSCH scheduled by different RNTIs. 

	Agreement

Confirm the following working assumption by assuming that Msg3 indication is available

Working Assumption

· For UE BB complexity reduction, a UE is able to receive a Msg4 PDSCH scheduled by TC-RNTI with resource allocation spanning a bandwidth of more than ~5 MHz per slot.
· The UE is not required to process a Msg4 PDSCH with a larger number of PRBs than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS.

· For Msg4 PDSCH scheduled by C-RNTI, limit its bandwidth in the same way as for unicast PDSCH


MsgA PUSCH bandwidth

In the previous meeting, it was agreed that a UE should not transmit MsgA PUSCH spanning a bandwidth of more than ~5MHz per slot or per hop, if applicable. Additionally, due to the maximum number of PRBs configured for one PO being limited to 32 PRBs for legacy UEs for a larger TBS, such as for 2-step RACH based SDT or MsgA PUSCH group B, co-existing issues must be resolved. Several potential solutions are provided to be considered, including:

· Option 1: Limit the configuration of the maximum number of RBs for one PO of MsgA PUSCH within 5MHz for both legacy UEs and Rel-18 RedCap UEs.
· Option 2: Share MsgA PUSCH configuration between legacy UEs and Rel-18 RedCap UEs, where the number of RBs configured for one PO can be larger than 5MHz. In this scenario, partial of PUSCH resources would be occupied by Rel-18 RedCap UEs, and the start or end RBs of MsgA PUSCH transmission should be defined and aligned between the gNB side and the UE side.
· Option 3: Configure separate MsgA PUSCH resources for Rel-18 RedCap UEs. To avoid increasing RRC configuration signaling and PRACH resources overhead, it would be better not to introduce separate MsgA PRACH configuration for this case.

After analysing the above three options, we have determined that option 1 has a negative impact on the configuration flexibility of legacy UE, especially for maximum number of 12 PRBs for15kHz SCS. As a result, we do not believe that Option 1 is an efficient solution. Option 2 will bring less specification impact and might not require reordering the mapping relationship between MsgA PRACH and MsgA PUSCH. However, it would cause PUSCH resource conflicts with legacy UEs. Option 3 has no PUSCH resources confliction with legacy UEs compared with option 2, but it will introduce additional RRC signalling. Based on our analysis, we recommend further studying Option 2 and option 3 to provide proper MsgA PUSCH resources for legacy UEs and Rel-18 RedCap UEs respectively. In addition, it is worth noting that both option 2 and option 3 have acceptable specification impact.
Proposal 5: Consider the following two options for the support of 5MHz Msg.A PUSCH channel bandwidth of Rel-18 RedCap UEs.

· Option 1: Occupy a portion of PRBs within one legacy PO (larger than 5MHz) by Rel-18 RedCap UEs.
· Option 2: Separate MsgA PUSCH frequency domain resources configuration for Rel-18 RedCap UEs.

MsgB PDSCH bandwidth
Regarding the definition of the MsgB PDSCH channel bandwidth, there are currently two possible approaches. One approach suggests limiting the MsgB PDSCH bandwidth in the same way as for Msg2 PDSCH with a channel bandwidth larger than 5MHz. This is because Msg2 PDSCH includes multiple successRAR and/or fallbackRAR for multiple UEs, which can be taken as a kind of broadcast channel.
The second approach suggests limiting MsgB PDSCH bandwidth in the same way as for Msg4 PDSCH with a channel bandwidth no more than 5MHz. This is because there is already an early indication based on MsgA PUSCH or MsgA PRACH, and the gNB can recognize the UE type before scheduling MsgB PDSCH.

Based on the discussions from the previous meeting, it appears that the number of companies supporting these two approaches is comparable. In our opinion, a compromise solution is necessary to move forward. For successRAR, since its corresponding MsgA PUSCH can be successfully decoded and there is always MsgA PUSCH based early indication, it is feasible for the gNB to recognize the UE type before MsgB PDSCH scheduling. Therefore, we suggest limiting the bandwidth of MsgB PDSCH carrying successRAR to 5MHz. For fallbackRAR, its corresponding MsgA PUSCH cannot be successfully decoded and there may not be a MsgA PRACH based early indication configured by the network. In this case, the gNB can’t recognize the UE type before MsgB PDSCH scheduling. Thus, we suggest allowing the bandwidth of MsgB PDSCH carrying fallbackRAR to be more than 5MHz.
Proposal 6: Limit the MsgB PDSCH bandwidth in the following way:

· For MsgB PDSCH carrying successRAR, limit its channel bandwidth within 5MHz

· For MsgB PDSCH carrying fallbackRAR, allow its channel bandwidth to be more than 5MHz
Timeline relaxation between RAR and Msg3
For an additional value X on top of the legacy processing time between RAR and Msg3, it should  be further chosen from [0.5/0.25 or 1/0.5] ms for 15/30 kHz SCS respectively.  For a low complexity UE, we suggest to adopt the value pair 1/0.5 ms for 15/30 kHz to provide enough accommodation for different UE implementations. For example, some UE implementations may spend a longer processing time on channel estimation than others, which depends on the complexity of the channel estimation algorithm. Besides, in order to simplify chip design, multiple PDSCH processing procedure may just follow the same design for PDSCH repetitions. Therefore, the UE may perform multiple LDPC decoding within several PDSCH repetitions, which also depends on UE implementation.
Proposal 7: For the additional value X of processing time between RAR and Msg3, adopt 1/0.5ms for 15/30 kHz SCS.
Potential timeline relaxations for other cases
In the previous RAN1 meeting, the following four cases were identified for further study to determine whether it would be possible to reuse the additional value X:

· 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

For Rel-18 RedCap, the timeline relaxation is mainly related to the relationship between the PDSCH baseband bandwidth and its maximum allowed scheduling bandwidth. For 4-step RACH, since Msg2 bandwidth can exceed 5MHz, reusing the additional value X for both Case 4a and Case 4b can be supported. While for 2-step RACH, there is no agreement on MsgB PDSCH bandwidth limitations yet. But, as discussed in the MsgB PDSCH bandwidth section, it is more reasonable to limit the MsgB PDSCH carrying the successRAR to 5MHz but allow the MsgB PDSCH carrying the fallbackRAR to exceed 5MHz. Therefore, for 2-step RACH, it is feasible to support the reuse of the additional value X for Case 2a.

Proposal 8: For the timeline relaxation, reuse the additional value X for Case 2a, Case 4a, and Case 4b.
TDRA table 
With the assumption of X=1/0.5ms for 15/30 kHz SCS, we give the relaxed timeline duration in Table 1. For Msg3 scheduling, one of two kinds of TDRA table, i.e., default TDRA table A and higher layer configured TDRA table is used. If higher layer configures a TDRA table, then the configured TDRA table is applied; otherwise, the default TDRA table A is applied. For the k2 value deriving from the RRC IE PUSCH-TimeDomainResourceAllocation, the maximum value can be 32 slots. So, it can be concluded that the timeline relaxation has no effect on Msg3 scheduling based on higher layer configured TDRA table. For the default TDRA table for Msg3 scheduling, according to Clause 6.1.2.1.1 in TS 38.214, it can be observed that for the 30 kHz SCS, all row indexes can be applicable for Msg3 scheduling of Rel-18 RedCap UEs; for the 15 kHz SCS, row indexes 4-16 are available for Rel-18 RedCap UEs. That is, the timeline relaxation between RAR and Msg3 has minor impact on the Msg3 scheduling with default TDRA table, and there is no need to spend efforts to further enhance the TDRA table.
Table 1 Relaxed timeline between RAR and Msg3
	SCS

(KHz)
	NT,1
	NT,2
	Existing timeline
NT,1 + NT,2 + 0.5 ms
	Relaxed timeline 
NT,1 + NT,2 + 0.5 + X ms 

	
	
	
	
	X = 1 slot

	15
	13
	10
	30 symbols < 3 slots
	44 symbols < 4 slots

	30
	13
	12
	39 symbols < 4 slots
	53 symbols < 4 slots


Proposal 9: Don’t support any enhancement on both higher layer configured and default TDRA tables.
Additional early indication in Msg1 
The revised WID endorsed during the RAN#98e meeting supports the use of additional separate early indication(s) for Rel-18 RedCap UEs. In this section, we will focus on the design of early indication via Msg1 for Rel-18 RedCap. For Rel-17 RedCap, Msg1 based early indication is enabled by configuring the corresponding separate Msg1 resources in SIB1. If these resources are not configured, Msg1 based early indication is disabled. In the Rel-18 RedCap WI, one issue that needs to be discussed is whether to support a network-configurable additional separate early indication in Msg1 for Rel-18 eRedCap UEs.
When the number of RBs allocated to RAR PDSCH exceeds 5MHz, utilizing separate early indication via Msg1 helps the gNB identify the UE type before allocating the appropriate time domain resources for Msg3. This could meet the timeline requirements for both legacy UEs and Rel-18 RedCap UEs. Besides, in cases where the payload size of Msg3 is relatively large, such as for Msg3 group B or initial RA-SDT transmission, it is also crucial for the gNB to recognize the UE type beforehand to allocate the appropriate frequency domain resources, considering that legacy UEs may require more than 25/12 RBs. Therefore, reusing the Rel-17 RedCap Msg1 based early indication mechanism for an additional separate early indication of Rel-18 RedCap appears necessary. However, some companies are concerned that using Msg.1 based separate early indication may create too many PRACH resource fragmentations. We believe that the decision can be left up to the gNB since separate PRACH resources are configured on an optional way. Also, the RRC IE FeatureCombination designed in Rel-17 still has four spare fields for future expansion, which means that the partitioning of PRACH for future features has already been agreed upon. As such, there is no need to spend additional time discussing the resource fragmentations issue any longer.
FeatureCombination-r17 ::= SEQUENCE {

    redCap-r17                 ENUMERATED {true}                                    OPTIONAL,  -- Need R

    smallData-r17              ENUMERATED {true}                                    OPTIONAL,  -- Need R

    nsag-r17                   NSAG-List-r17                                        OPTIONAL,  -- Need R

    msg3-Repetitions-r17       ENUMERATED {true}                                    OPTIONAL,  -- Need R

    spare4                     ENUMERATED {true}                                    OPTIONAL,  -- Need R

    spare3                     ENUMERATED {true}                                    OPTIONAL,  -- Need R

    spare2                     ENUMERATED {true}                                    OPTIONAL,  -- Need R

    spare1                     ENUMERATED {true}                                    OPTIONAL   -- Need R

}

Moreover, an upgraded R18 network could provide access to both Rel-18 RedCap UEs capable of BW3/PR3+PR1 and Rel-18 RedCap UEs capable of PR1 only. In such a scenario, additional early indication can be shared between the two types of UEs. Furthermore, during the initial access procedure, Rel-18 RedCap UEs capable of PR1 only can be treated as if they are capable of BW3/PR3. 
Proposal 10: Support a network-configurable additional separate early indication in Msg1 for Rel-18 eRedCap UEs.
· The additional early indication is shared between Rel-18 RedCap UEs capable of BW3/PR3+PR1 and Rel-18 RedCap UEs capable of PR1 only.
Additional early indication in MsgA PRACH 
For Rel-17 RedCap UEs, both MsgA PRACH based early indication and MsgA PUSCH based early indication are introduced. One advantage of supporting MsgA PRACH based early indication is that it can follow a unified framework with Msg1 based early indication. On the other hand, considering the fall back from 2-step RACH to 4-step RACH if MsgA PUSCH is not transmitted successfully, in order to support fallbackRAR to schedule Msg3 more reasonably, MsgA PRACH based early indication is also necessary. Similarly, a network-configurable additional separate early indication in MsgA PRACH can also be supported for Rel-18 eRedCap UEs, even if MsgA PUSCH based additional early indication is available. Besides, this additional separate early indication is shared between Rel-18 RedCap UEs capable of BW3/PR3+PR1 and Rel-18 RedCap UEs capable of PR1 only.
Proposal 11: Support a network-configurable additional separate early indication in MsgA PRACH for Rel-18 eRedCap UEs.
· The additional early indication is shared between Rel-18 RedCap UEs capable of BW3/PR3+PR1 and Rel-18 RedCap UEs capable of PR1 only.

2.2 Reduced UE peak data rate
The peak data rate is calculated by the following formula as given in Clause 4.1.2 in TS 38.306:
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Where v is the maximum number of supported layers reported by the UE, and Q is given by RRC parameter supportedModulationOrderDL or supportedModulationOrderUL to calculate the peak data rate. While, the actual modulation order used for PDSCH/PUSCH scheduling can be larger than the above one reported by UE. The scaling factor f is also reported by higher layer parameter scaling Factor and can take the value 1, 0.8, 0.75, or 0.4, which reflects the mismatch between RF and baseband processing capabilities. In R15/16, the product of the three factors is constraint to be greater than 4 to ensure the peak data rate. Since the peak data rate required by R18 RedCap UE is reduced, the constraint can be relaxed either, which is called option PR1. According to the endorsed proposal [1] in RAN#99 meeting, option PR1 only and BW3/PR3+PR1 were agreed to specify for reduced UE peak data rate. In this section, several remaining issues relevant to PR1 only and BW3/PR3+PR1 are discussed respectively, including the definition of target data rate for Rel-18 RedCap, and the relaxed constraint value X and value Y.
Target data rate
Whether 10Mbps is a minimum DL peak rate target or a fixed value was discussed in the last RAN1 meeting and did not reach any consensus. In our view, similar to the NR normal UE, it is more reasonable to consider the 10Mbps as the minimum value rather than a fixed value. Additionally, variable data rates can accommodate various type of Rel-18 RedCap services. If 10Mbps is regarded as a fixed value, the current NR technology might fail to deliver services with data rates between Rel-18 RedCap and Rel-17 RedCap. Therefore, we recommend 10Mbps as the minimum data rate for Rel-18 RedCap.
Proposal 12: Support the 10-Mbps peak rate target as a minimum peak rate for Rel-18 RedCap.
In Rel-15, the three factors (vLayers, Qm, f) have various reporting combinations according to the UE capabilities. For example, for an Rel-15 eMBB UE supporting high DL data rate requirement, the reporting values may be (8, 8, 1) for (vLayers, Qm, f), which are maximum values for all three factors. Given the assumption that 10Mbps is the lower bound of the Rel-18 RedCap UE data rate, we have the following questions: what is the upper-limit product value for the three factors of Rel-18 RedCap? Moreover, is it still valid to consider a UE as a Rel-18 RedCap UE if the product value is greater than 4? We suggest further clarification of this issue for both BW3/PR3+PR1 and PR1 only.
Proposal 13: Clarify whether the product value (vLayers·Qm·f ) for BW3/PR3+PR1 or PR1 only can be more than 4.
Value X for PR1 as an add-on feature
For the relaxed constraint value X for BW3/PR3+PR1, it has been agreed in the previous RAN1 meeting to down-select between X = 3 and X = 3.2. Based on the calculation formula in TS38.306 and the reduced channel bandwidth, we provide Table 2 to present these two different constraint values along with their corresponding data rates. It can be observed that relaxing the constraint value X from 4 to 3 leads to a marginal gap of around 0.4Mbps between the actual peak data rate and the FD-FDD's minimum peak data rate target of 10Mbps. However, adopting a smaller constraint value provides a wider range of reporting combinations. Therefore, we recommend selecting X=3 as the relaxed constraint value for BW3/PR3+PR1.
Table 2  Constraint values X and their corresponding data rates 
	Channel bandwidth
	constraint value
	data rate (Mbps)

	5MHz, 25PRBs for 15KHz SCS
	3.2
	10.70

	
	3
	10.03

	5MHz, 12PRBs for 30KHz SCS
	3.2
	10.27

	
	3
	9.63


Proposal 14: For BW3/PR3+PR1, we recommend the relaxed constraint value X is 3.
Value Y for PR1 as an standalone feature
For the relaxed constraint value Y for PR1 only, many companies proposed in the previous meeting to down-select between Y=1 and Y=0.75. Based on the calculation formula in TS38.306 and the 20MHz channel bandwidth for PR1 only, we provide these two constraint values along with their corresponding data rates as shown in Table 2. It can be observed that Y=0.75 for both 15KHz SCS and 30KHz SCS can meet the 10Mbps minimum peak data rate target, and its corresponding data rate is closer to 10Mbps. Additionally, adopting a smaller constraint value provides a wider range of reporting combinations. Therefore, we recommend selecting Y=0.75 as the relaxed constraint value for PR1 only.
Table 3  Constraint values Y and their corresponding data rates 

	Channel bandwidth
	constraint value
	data rate (Mbps)

	20MHz, 106PRBs for 15KHz SCS
	1
	14.18

	
	0.75
	10.63

	20MHz, 51PRBs for 30KHz SCS
	1
	13.64

	
	0.75
	10.23


Proposal 15: For PR1 only, we recommend the relaxed constraint value Y is 0.75.
2.3 The higher layer support for Rel-18 RedCap
In this section, we will discuss UE type definition and access control respectively, which are also relevant to higher layer aspects.
UE type definition

In Rel-17, we have specified the definition of the RedCap UE type, which are mainly used for the identification of RedCap UE capabilities and for constraining those RedCap capabilities to be used only by RedCap UEs. For R18 RedCap UE, since the target peak data rate is smaller than that of R17 RedCap UE, it is essential to define a new UE type so that gNB could adopt reasonable scheduling strategies. For example, if the UE reports that it is an eRedCap UE, the gNB is able to indicate the appropriate number of resources, MCS and MIMO layers for the unicast PDSCH or PUSCH to avoid the TB size exceeding the baseband processing capability. 
In the last RAN meeting, we have introduced a new Rel-18 eRedCap UE capable of PR1 only beside of Rel-18 eRedCap UE capable of BW3/PR3 + PR1. These two features are targeted to the same peak data rate, i.e., 10Mbps. Considering that RAN has no intention to introduce an additional UE type for PR1 only, we recommend to take the target peak data rate as an identification for the Rel-18 RedCap UE type, which just has an impact on the scheduling strategy mentioned above. 
· 
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Figure 2 UE types for Rel-17 RedCap and Rel-18 eRedCap UEs
Proposal 16: Take the target peak data rate as an identification for the new Rel-18 RedCap UE type.
Access control

 In Rel-17, a new cell barring indictor and a new IFRI (Intra Frequency Reselection Indicator) field were introduced for RedCap UEs. The similar issue may need to be discussed for Rel-18 RedCap. From our perspective, an additional separate cell barring indictor is necessary for Rel-18 RedCap UEs for the following three reasons: First, since the limited PDSCH and PUSCH channel bandwidth increases resources fragmentation, which may further increase the complexity of network scheduling, some of networks may tend not to allow Rel-18 RedCap UEs to access. Second, when the network load is too heavy or the congestion occurs, the low-end eRedCap UEs may be considered to be barred at first by the serving cell. Third, some Rel-17 network without upgrading may not support Rel-18 RedCap UEs, which needs to be known by the eRedCap UEs during the initial access phase to avoid unnecessary power consumption and resource wasting. Specifically, a new common separate cell barring indicator and a new IFRI field can be configured in the shared SIB1 for eRedCap UEs with different features: PR1 only, BW3/PR3+PR1. In this case, the Rel-18 RedCap UE only needs to read cell-specific cell barring indicator in the MIB and its own separate cell barring indicator in the SIB1. If not configured, the separate cell barring indicator for Rel-17 RedCap UEs take effects. Furthermore, just as the design of the Rel-17 RedCap cell bar, the cell bar of Rel-18 RedCap can also distinguished between one RX branch and two RX branches. 
Proposal 17: introduce a new cell bar and an IFRI field in SIB1 for Rel-18 RedCap UEs.
3 Conclusion  
In this contribution, we discuss several issues to further reduce UE complexity/cost in FR1. Based on the discussion, our views are summarized as follows.
Proposal 1: The Rel-18 RedCap UE is required to decode a broadcast PDSCH and a unicast PDSCH (including Msg4 PDSCH scheduled by TC-RNTI). No spec change is needed.

Proposal 2: For broadcast MBS PDSCH, Allow the scheduling to be larger than 5MHz (as in legacy operation).
Proposal 3: For multicast MBS PDSCH, the number of PRBs scheduled in DCI is not larger than 25PRBs for 15KHz SCS and 12PRBs for 30KHz SCS. 

Proposal 4: Revise the agreement on Msg4 PDSCH bandwidth to distinguish the Msg4 PDSCH scheduled by different RNTIs. 

	Agreement

Confirm the following working assumption by assuming that Msg3 indication is available

Working Assumption

· For UE BB complexity reduction, a UE is able to receive a Msg4 PDSCH scheduled by TC-RNTI with resource allocation spanning a bandwidth of more than ~5 MHz per slot.
· The UE is not required to process a Msg4 PDSCH with a larger number of PRBs than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS.

· For Msg4 PDSCH scheduled by C-RNTI, limit its bandwidth in the same way as for unicast PDSCH


Proposal 5: Consider the following two options for the support of 5MHz Msg.A PUSCH channel bandwidth of Rel-18 RedCap UEs.

· Option 1: Occupy a portion of PRBs within one legacy PO (larger than 5MHz) by Rel-18 RedCap UEs. 

· Option 2: Separate MsgA PUSCH frequency domain resources configuration for Rel-18 RedCap UEs.

Proposal 6: Limit the MsgB PDSCH bandwidth in the following way:

· For MsgB PDSCH carrying successRAR, limit its channel bandwidth within 5MHz

· For MsgB PDSCH carrying fallbackRAR, allow its channel bandwidth to be more than 5MHz
Proposal 7: For the additional value X of processing time between RAR and Msg3, adopt 1/0.5ms for 15/30 kHz SCS.
Proposal 8: For the timeline relaxation, reuse the additional value X for Case 2a, Case 4a, and Case 4b.
Proposal 9: Don’t support any enhancement on both higher layer configured and default TDRA tables.
Proposal 10: Support a network-configurable additional separate early indication in Msg1 for Rel-18 eRedCap UEs.
· The additional early indication is shared between Rel-18 RedCap UEs capable of BW3/PR3+PR1 and Rel-18 RedCap UEs capable of PR1 only.
Proposal 11: Support a network-configurable additional separate early indication in MsgA PRACH for Rel-18 eRedCap UEs.
· The additional early indication is shared between Rel-18 RedCap UEs capable of BW3/PR3+PR1 and Rel-18 RedCap UEs capable of PR1 only.

Proposal 12: Support the 10-Mbps peak rate target as a minimum peak rate for Rel-18 RedCap.

Proposal 13: Clarify whether the product value (vLayers·Qm·f ) for BW3/PR3+PR1 or PR1 only can be more than 4.
Proposal 14: For BW3/PR3+PR1, we recommend the relaxed constraint value X is 3.
Proposal 15: For PR1 only, we recommend the relaxed constraint value Y is 0.75.
Proposal 16: Take the target peak data rate as an identification for the new Rel-18 RedCap UE type.

Proposal 17: introduce a new cell bar and an IFRI field in SIB1 for Rel-18 RedCap UEs.
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