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1 Introduction
During RAN1#112 meeting, the following agreements on further complexity reduction for eRedCap UEs were achieved.
	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 UE BB bandwidth reduction, for PUSCH, select the following option for the maximum number of PRBs that the UE can transmit per slot or per hop, if applicable:

· Option 3: 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS

For UE BB bandwidth reduction, for PDSCH (for both unicast and broadcast), select the following option for the maximum number of PRBs that the UE can process per slot:

· Option 3: 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS

Note: No intention to change the RAN4 RF specifications about maximum transmission PRB number

Agreement

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
Conclusion

There is no consensus to continue discussion on “whether additional separate initial DL/UL BWP specific to Rel-18 RedCap UEs is allowed to be configured by the SIB in the cell”.

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.

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

Agreement 

Update the agreement for PDSCH paging with the clarification as follows:

· From RAN1 perspective, for UE BB complexity reduction, for paging channel (PDSCH) to Rel-18 RedCap UEs, allow the scheduling of paging channel to be larger than 5 MHz (as in legacy operation). The scheduling of paging PDSCH is allowed to be larger than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS.
Agreement

For UE BB complexity reduction, a UE is not expected to perform 2-step RACH with a MsgA PUSCH resource spanning a bandwidth of more than ~5 MHz per slot or per hop, if applicable.

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.


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

	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 [1]. 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, including the channel bandwidth of MsgA PUSCH, the channel bandwidth of MBS PDSCH, the simultaneous reception, and the timeline between RAR and Msg3. In this section, the Rel-18 RedCap UEs refers to the UEs capable of BW3/PR3.
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Figure 1  Example of UE BB bandwidth reduction
MsgA PUSCH bandwidth
In the last meeting, it has been agreed that a UE doesn’t expect to transmit MsgA PUSCH spanning a bandwidth of more than ~5MHz per slot or per hop, if applicable. Furthermore, considering that the maximum number of PRBs configured for one PO can be 32 for legacy UEs or Rel-17 RedCap UEs, the co-existing issue is necessary to be further studied. For this issue, there is several potential solutions can be considered:

· 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: Shared MsgA PUSCH configuration between legacy UEs and Rel-18 RedCap UEs, and the number of RBs configured for one PO can be larger than 5MHz. In this way, partial of PUSCH resources are occupied by Rel-18 RedCap UEs. Besides, the start and end RBs of MsgA PUSCH transmission should be aligned between the gNB side and the UE side.
· Option 3: Separate MsgA PUSCH configuration for Rel-18 RedCap UEs. In order not to increase the configuration signalling and PRACH resources overhead, it better not to introduce separate MsgA PRACH configuration anymore.
For above three options, we have the following analysis: Option 1 will affect the configuration flexibility of legacy UE, which is not an efficient way. Option 2 brings less spec impact and the mapping relationship between MsgA PRACH and MsgA PUSCH may not need to be reordered. Option 3 has no PUSCH resources confliction with legacy UEs compared with option 2. In this case, we recommend to further study option 2 and option 3 to configure proper MsgA PUSCH resources for legacy UEs and Rel-18 RedCap UEs respectively. 
Proposal 1: 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.
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[1], 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. 
simultaneous reception 
For simultaneous PDSCH reception, there are two cases for further discussion: 1. simultaneous reception of a unicast channel and a broadcast channel; 2. simultaneous reception of more than one unicast PDSCH channels. 
For the first case, 38.214 clause 5.1 specifies the following for FR1:

	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. 


We believe that the above specification can be applicable to Rel-18 RedCap and no spec change is needed. That is, for a Rel-18 RedCap capable of BW3/PR3, it should be able to handle parallel broadcast PDSCH and unicast PDSCH within the Capability 1 processing time restriction. For example, if the pipeline of a Rel-18 RedCap is fast enough, it can process broadcast PDSCH at first. If not, the Rel-18 RedCap can be implemented by handling the unicast PDSCH at first. 
For the second case, the UE capable of processing time capability 1 can optionally report supporting simultaneous reception of up to 2, 4, or 7 unicast PDSCH in Rel-15, which depends on the UE capability.  If not reporting, only one unicast PDSCH can be receive at a time. That is, if the Rel-15 UE is able to receive more than one unicast PDSCH simultaneously with Capability 1 processing time restriction, it means that maybe more parallel constructors are implemented in the baseband. However, for Rel-18 RedCap, the aim is to further reduce the UE complexity. Obviously, simultaneous reception of more than one unicast PDSCH channels is against of this aim. Thus, simultaneous reception of more than one unicast PDSCH channels shouldn’t be supported, i.e., the pdsch-ProcessingType1-DifferentTB-PerSlot field is not available for Rel-18 RedCap capable of BW3/PR3. Furthermore, maybe a note for Rel-18 RedCap with BW3/PR3 should be added in the explanation of this field for clarification. 
	pdsch-ProcessingType1-DifferentTB-PerSlot

Defines whether the UE capable of processing time capability 1 supports reception of up to two, four or seven unicast PDSCHs for several transport blocks with PDSCH scrambled using C-RNTI, TC-RNTI, MCS-C-RNTI or CS-RNTI in one serving cell within the same slot per CC that are multiplexed in time domain only.

NOTE:
PDSCH(s) for Msg.4 is included.
	FS
	No
	N/A
	N/A


Proposal 4: For Rel-18 RedCap UEs, it is required to decode a broadcast PDSCH and a unicast PDSCH within Capability 1 processing time restriction. No spec change is needed.

Proposal 5: For Rel-18 RedCap UEs, don’t support simultaneous reception of more than one unicast PDSCH channels.
The timeline 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 or 2/1] ms for 15/30kHz SCS respectively.  For a low complexity UE, we suggest to adpot the value pair 2/1 ms for 15/30kHz to provide enough relaxation of the timeline between RAR and Msg3.
Proposal 6: For the additional value X of processing time between RAR and Msg3, adopt 2/1ms for 15/30KHz SCS.
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 given by higher layer parameter scaling Factor and can take the values 1, 0.8, 0.75, and 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 [2] 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 relaxed constraint value X and value Y determination and the upper bound of the product value (vLayers·Qm·f ).
Value X for BW3/PR3+PR1
For the relaxed constraint value X for BW3/PR3+PR1, it has been agreed in the last RAN1 meeting to down-select between X = 3 and X = 3.2. Based on the calculation formula in TS38.306 and the further reduced channel bandwidth, we provide these two different constraint values and their corresponding data rates as shown in Table 1. It can be observed that when relaxing the constraint value X from 4 to 3, there is an insignificant gap for 30KHz SCS to meet the minimum peak data rate target for FD-FDD, i.e. 10Mbps, which can be accepted by us. 
Table 1  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 7: For BW/PR3+PR1, we recommend the relaxed constraint value X is 3.
Value Y for PR1 only
For the relaxed constraint value Y for PR1 only, many companies proposed in 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 and 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. Besides, a smaller constraint value provides wider range of reporting combinations. Thus, we recommend to adopt Y=0.75 for PR1 only. 
Table 2  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 8: For PR1 only, we recommend the relaxed constraint value Y is 0.75.
Upper bound of the product value (vLayers·Qm·f ) for eRedCap 
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 reaches the upper limit values for all three factors. For the Rel-18 RedCap, we also have the similar question: What is the upper bound of the product of the three factors for eRedCap. I wonder that if the product value is larger than 4, whether it is permitted and can be also taken as a Rel-18 RedCap UE.  We propose to further clarify the above issue for both BW3/PR3+PR1 and PR1 only.
Proposal 9: Clarify whether the product value (vLayers·Qm·f ) for BW3/PR3+PR1 or PR1 only can be more than 4.
2.3 The higher layer support for Rel-18 RedCap
In this section, we will discuss UE type definition, access control and early indication separately, 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. 
· 
[image: image3]
Figure 2: UE types for Rel-17 RedCap and Rel-18 eRedCap UEs
Proposal 10: 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 11: introduce a new cell bar and an IFRI field in SIB1 for Rel-18 RedCap UEs.
Early indication via Msg.1 
According to the objective in the revised WID endorsed in RAN#98e meeting, additional separate early indication(s) is supported for Rel-18 RedCap UEs. In this section, we mainly focus on the design of separate early indication via Msg.1 for eRedCap. For Rel-17 RedCap, Msg.1 based early indication is supported, where Msg.1 based early indication is mainly enabled by configuring the separate Msg.1 resources by SIB1. If these separate resources are not configured, Msg.1 based early indication is disabled. Based on above, one issue needs to be discussed in this Rel-18 WI is whether the Msg.1 based early indication mentioned above can be reused for the separate early indication of Rel-18 RedCap UEs. 
For the case where the number of RBs allocated for RAR PDSCH is larger than 5MHz, separate early indication by Msg1 enables the gNB to identify the UE type before allocating appropriate time domain resources for Msg.3 to meet the timeline requirements for both legacy UEs and Rel-18 RedCap UEs. And, for the case where the payload size of Msg.3 is relatively large, e.g. the large payload size for Msg.3 group B, or for initial RA-SDT transmission, it is also necessary for the gNB to recognize the UE type in advance before allocating proper frequency domain resources, considering that the number of RBs for legacy UEs may need to be larger than 5MHz. Thus, reusing the Rel-17 RedCap Msg.1 based early indication mechanism for the additional separate early indication of Rel-18 RedCap seems necessary. However, some companies concern that Msg.1 based separate early indication will cause too many PRACH resource fragmentations. We believe it can be handled by the gNB’s decision, since the separate PRACH resources is optionally configured by the gNB. In addition, in the IE FeatureCombination designed in Rel-17, which indicates a feature or a combination of features to be associated with a set of Random Access resources, there is four spare fields for future expansion. It means that the PRACH partitioning for future features has already been  agreed in Rel-17, and there is no need to spend any spare time to further discuss it any more.
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

}

Proposal 12: Support Msg.1 based separate early indication 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: 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 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: For Rel-18 RedCap UEs, it is required to decode a broadcast PDSCH and a unicast PDSCH within Capability 1 processing time restriction. No spec change is needed.
Proposal 5: For Rel-18 RedCap UEs, don’t support simultaneous reception of more than one unicast PDSCH channels.
Proposal 6: For the additional value X of processing time between RAR and Msg3, adopt 2/1ms for 15/30KHz SCS.
Proposal 7: For BW/PR3+PR1, we recommend the relaxed constraint value X is 3.
Proposal 8: For PR1 only, we recommend the relaxed constraint value Y is 0.75.
Proposal 9: Clarify whether the product value (vLayers·Qm·f ) for BW3/PR3+PR1 or PR1 only can be more than 4.
Proposal 10: Take the target peak data rate as an identification for the new Rel-18 RedCap UE type.

Proposal 11: introduce a new cell bar and an IFRI field in SIB1 for Rel-18 RedCap UEs.
Proposal 12: Support Msg.1 based separate early indication for Rel-18 RedCap UEs.
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