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Introduction
[bookmark: _Hlk525462591]The work item on enhanced support of reduced capability NR devices was approved [1]. In RAN1#113, the following agreements were reached –

Agreement
· For the “FFS: value(s) of X”,
· X = 1/0.5 ms for 15/30 kHz SCS
· Legacy default TDRA table and Δ are reused.
· A network-configurable additional separate early indication in Msg1 for Rel-18 eRedCap UEs is supported.
· When Msg1 indication for Rel-18 eRedCap UEs is configured, it is used by Rel-18 eRedCap UEs (with or without UE BB bandwidth reduction).
· When Msg1 indication for Rel-18 eRedCap UEs is not configured while Msg1 indication for Rel-17 RedCap UEs is configured, Rel-18 eRedCap UEs shall share the PRACH that is configured for Rel-17 RedCap UEs.
· Note: Rel-18 eRedCap UEs will be differentiated from Rel-17 RedCap UEs based on Msg3 of Rel-18 eRedCap UEs.
· Additional early indication in MsgA PRACH is not supported.

Agreement
· For UE peak data rate reduction with UE BB bandwidth reduction,
· The 10-Mbps peak rate target corresponds to a vLayers·Qm·f of 3.2
· For UE peak data rate reduction without UE BB bandwidth reduction,
· The 10-Mbps peak rate target corresponds to a vLayers·Qm·f of 0.75
· This is assuming 20 MHz bandwidth in the 38.306 peak rate expression.
· Note: This does not imply that downlink MIMO and 256 QAM are not supported

Agreement
· For UE BB bandwidth reduction, the same timeline relaxation as for the Msg2-Msg3 timeline applies at least for the following cases:
· Case 4a: Between reception of RAR PDSCH in which UE does not correctly receive the transport block and upcoming transmission of PRACH
· Case 4b: Between reception of RAR with RAPID which is not associated with the corresponding PRACH transmission and upcoming transmission of PRACH

Agreement
· For UE BB complexity reduction, for RRC_IDLE and RRC_INACTIVE, there is no need to relax the requirements on simultaneous reception of two PDSCH transmissions for SIB1 / OSI / paging / RAR / Msg4 scheduled by TC-RNTI for the case when Msg4 PDSCH is not larger than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS.
· Note: This means that the following paragraph in TS 38.214 clause 5.1 still applies for the case when Msg4 PDSCH is not larger than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS:
· “The UE in RRC_IDLE and RRC_INACTIVE modes shall be able to decode two PDSCHs each scheduled with SI-RNTI, P-RNTI, RA-RNTI or TC-RNTI, with the two PDSCHs partially or fully overlapping in time in non-overlapping PRBs.”

Agreement
Down-select between these options for handling of simultaneous reception during P-RNTI triggered SI acquisition when the total number of PRBs for the PDSCH scheduled with SI-RNTI and the PDSCH scheduled with C-RNTI, MCS-C-RNTI, or CS-RNTI is larger than the maximum number of PRBs that the UE can process per slot.
· Option 2: The UE may skip decoding of PDSCH [in slot n or n+1] scheduled with C-RNTI/MCS-C-RNTI/CS-RNTI but decodes SI PDSCH triggered by P-RNTI in slot n.
· Option 3: The prioritization between reception of PDSCH scheduled with C-RNTI/MCS-C-RNTI/CS-RNTI and SI PDSCH triggered by P-RNTI is up to the UE implementation.
· Option 4: During a process of P-RNTI triggered SI acquisition, the UE is not expected to [be scheduled PDSCH/to decode PDSCH scheduled] with C-RNTI/MCS-C-RNTI/CS-RNTI if in the same cell, another PDSCH scheduled with SI-RNTI partially or fully overlap in time.
· Option 7: No specification change

Agreement
For UE BB bandwidth reduction, for 2-step RACH, assuming that MsgA PUSCH indication is transmitted:
· The bandwidth of a MsgB scheduled with MSGB-RNTI should be limited in a similar way as Msg2.
· The same timeline relaxation as for the Msg2-Msg3 timeline (i.e., 1 slot for Msg2 PDSCH larger than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS) applies at least for the following cases:
· Case 2a: Between reception of fallbackRAR and transmission of Msg3
· Case 2b: Between reception of successRAR and transmission of corresponding HARQ-ACK
· The bandwidth of a MsgB scheduled with C-RNTI should be limited in a similar way as Msg4.

In this contribution, we further discuss RedCap UE complexity reduction.
UE Complexity Reduction
Relaxed RAR-PDSCH processing timeline:
In Rel-18, two RedCap UE feature groups have been defined [5] –
· 48-1: UE with reduced peak data rate and reduced baseband bandwidth in FR1
· 48-2: UE with reduced peak data rate without reduced baseband bandwidth in FR1
The capabilities of FG 48-2 are the same as for FG 48-1 except that the following restriction does not apply:
12. Maximum number of PDSCH/PUSCH PRBs that can be scheduled for unicast per slot of 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS
[13. Relaxed RAR-PDSCH processing timeline]
For UE with BB bandwidth reduction (FG 48-1), the following random access timeline relaxation applies: 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 + 1/0.5 ms for 15/30 kHz SCS. This relaxation also applies to the following cases –
· 2-step RACH for Msg2 PDSCH scheduled with MSGB-RNTI
· Between reception of fallbackRAR and transmission of Msg3
· Between reception of successRAR and transmission of corresponding HARQ-ACK
· 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
For UE without UE BB bandwidth reduction, however, the UE is able to process Msg2 PDSCH up to 20 MHz within 1 slot, and therefore there is no need for random access timeline relaxation. However, it was agreed in RAN1#113 that there would be no way to differentiate between the two UE types (FG 48-1 or 48-2) via Msg1 –
· 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).
Therefore, the network has no way to determine whether the Rel-18 RedCap UE is 48-1 or 48-2. As a result, it needs to treat all Rel-18 RedCap UE as FG 48-1 during Msg2-Msg3 to prevent incorrect timing for Msg3. Therefore, it is proposed that relaxed Msg2-Msg3 processing timeline also applies to 48-2 UE.
Proposal 1: Relaxed Msg2-Msg3 processing timeline also applies to UE with reduced peak data rate without reduced baseband bandwidth (FG 48-2). 
Note that, from UE capability perspective, it can be discussed further whether FG 48-2 UE needs to indicate this relaxed RAR-PDSCH processing timeline. This issue is addressed in our companion contribution [7]. However, from a UE behavior perspective, our proposal is that FG 48-2 UE also follows relaxed RAR-PDSCH processing timeline.
In addition, 48-1 UE also has restrictions on Msg3 PUSCH resource allocation. That is, 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. However, 48-2 UE can transmit up to 20 MHz. Although there is no need to place this restriction on 48-2 UE, in effect this will be enforced by the gNB as it cannot differentiate between 48-1 and 48-2 UE for Msg3 resource allocation.
With this relaxed timeline, the network would have to configure pusch-TimeDomainAllocationList in PUSCH-ConfigCommon taking into account the additional delay. With the introduction of Msg1 early indication, several approaches are possible. First, it has been discussed whether a separate table (i.e. separate PUSCH-ConfigCommon) can be used for eRedCap UE. While this provides maximum flexibility, it is questionable whether such flexibility is needed considering the overhead. For instance, the existing table can be used for Rel-18 RedCap UE by extending the K2 parameter by X ms. This allows for the extension without having to define separate PUSCH-ConfigCommon for eRedCap UE.
Simultaneous reception of two PDSCHs:
In RAN1#112, it was concluded that, 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. In RAN1#112bis-e, it was concluded that 38.214 clause 5.1 still applies for autonomous SI acquisition. That is, 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. However, there was an FFS for the case of Msg4 PDSCH scheduled by TC-RNTI. In our view, this case is already covered by the conclusion that there is no need to relax the above requirement on simultaneous reception of two broadcast PDSCH transmissions for SIB1/OSI/paging/RAR –
	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.


Nonetheless, in RAN1#113, it was agreed to extend the agreement from RAN1#112bis-e also to Msg4 scheduled by TC-RNTI. It was further clarified that this is for Msg4 scheduled by TC-RNTI for the case when Msg4 PDSCH is not larger than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS. 
For P-RNTI triggered SI acquisition, 38.214 specifies the following -
	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. 


Following discussion in RAN1#113, it was agreed to down-select between these options –

· Option 2: The UE may skip decoding of PDSCH [in slot n or n+1] scheduled with C-RNTI/MCS-C-RNTI/CS-RNTI but decodes SI PDSCH triggered by P-RNTI in slot n.
· Option 3: The prioritization between reception of PDSCH scheduled with C-RNTI/MCS-C-RNTI/CS-RNTI and SI PDSCH triggered by P-RNTI is up to the UE implementation.
· Option 4: During a process of P-RNTI triggered SI acquisition, the UE is not expected to [be scheduled PDSCH/to decode PDSCH scheduled] with C-RNTI/MCS-C-RNTI/CS-RNTI if in the same cell, another PDSCH scheduled with SI-RNTI partially or fully overlap in time.
· Option 7: No specification change

Similar to the conclusion on reception of two broadcast PDSCHs, UE should support reception of one unicast and one broadcast PDSCHs as specified in 38.214 (similar to autonomous SI acquisition case). Also, note that in the case of RAR, the additional processing time to process up to 20 MHz is 1.0/0.5 ms for 15/30 kHz SCS. So the additional processing time to process both PDSCHs up to 20 MHz is likely to be small despite the potentially larger TBS sizes. Furthermore, it is not common that the gNB would schedule unicast PDSCH in multiple consecutive slots at the same time as SIBs. In addition, the timeline for SIB acquisition is not very stringent (e.g. UE may defer SIB acquisition until the next occurrence). Therefore, we do no think there is any specification change needed.

Proposal 2: For handling of simultaneous reception during P-RNTI triggered SI acquisition, select Option 7: No specification change.

MBS PDSCH Bandwidth:

In RAN1#113, MBS PDSCH bandwidth was discussed without conclusion. For UE without BB bandwidth reduction, it is apparent that there should be no special restriction other than data rate restriction (similar to Rel-17 RedCap UE supporting MBS). For UE with BB bandwidth reduction, it was proposed that –
· For broadcast MBS PDSCH,
· [bookmark: _Hlk141701519]Allow the scheduling to be larger than 5MHz (as in legacy operation).
· FFS: the PDSCH repetition case
· For multicast MBS PDSCH with HARQ feedback,
· The number of PRBs scheduled in DCI is not larger than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS.
· For multicast MBS PDSCH without HARQ feedback,
· FFS: whether to allow the scheduling to be larger than 5MHz
In our view, for PDSCH without HARQ feedback (either broadcast or multicast), scheduling should be allowed to be larger than 5 MHz same as in other broadcast PDSCH transmission such as SIB or paging.
Proposal 3: For broadcast MBS PDSCH and multicast MBS PDSCH without HARQ feedback, allow the scheduling to be larger than 5MHz (as in legacy operation) for UE with BB bandwidth reduction.
For multicast MBS PDSCH with HARQ feedback, this should be treated the same as unicast PDSCH. Therefore, the number of PRBs should therefore be restricted in this case.
Proposal 4: For multicast MBS PDSCH with HARQ feedback, the number of PRBs scheduled in DCI is not larger than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS for UE with BB bandwidth reduction.
UE peak data rate reduction
From 38.306, the peak data rate is determined via –

For Rel-17 RedCap UE, the number of component carrier is 1 and the constraint is given by . In RAN1#113, the following agreement was made for Rel-18 RedCap UE –
· For UE peak data rate reduction with UE BB bandwidth reduction,
· The 10-Mbps peak rate target corresponds to a vLayers·Qm·f of 3.2
· [bookmark: _Hlk141687961]For UE peak data rate reduction without UE BB bandwidth reduction,
· The 10-Mbps peak rate target corresponds to a vLayers·Qm·f of 0.75
· This is assuming 20 MHz bandwidth in the 38.306 peak rate expression.
· Note: This does not imply that downlink MIMO and 256 QAM are not supported
In RAN#100, the following working assumption was made [4] –
· [bookmark: _Hlk142579580]The peak rate target is 10 Mbps regardless of what optional features the UE may support.

Furthermore, Rel-18 RedCap UE can support optional MIMO and 256QAM capabilities as specified in the WID [1]. Although the working assumption from RAN#100 states that the peak rate target is 10 Mbps regardless of what optional features the UE may support, Rel-18 RedCap UE supporting optional MIMO and 256QAM capabilities can provide higher spectral efficiency. Therefore, optional MIMO and 256QAM capabilities are still beneficial from a system spectral efficiency perspective.
Observation 1: UE supporting optional 2-layer and/or 256-QAM capability are still beneficial from a system spectral efficiency perspective.
For UE with UE BB bandwidth reduction, the relaxed constraint of 3.2 can be signaled using existing values as shown in Table 1. In this case, the peak data rate e.g. is always 10.7 Mbps regardless of UE capabilities. However, for UE without UE BB bandwidth reduction, the relaxed constraint of 0.75 cannot be signaled using existing values when 2-layer MIMO is supported. In this case, either value of 0.8 can be signaled or a new scaling factor must be defined. In our view, it is better to reuse existing scaling factor values and signal 0.8. In this case, the peak data rate for UE supporting MIMO will increase slightly from 10.6 to 11.3 Mbps as shown in Table 1.
Proposal 5: Modify RAN1#113 agreement as follows –
For UE peak data rate reduction without UE BB bandwidth reduction,
· The 10-Mbps peak rate target corresponds to vLayers·Qm·f of 0.75 for 1-layer and 0.8 for 2-layer
· This is assuming 20 MHz bandwidth in the 38.306 peak rate expression.
Table 1 also illustrates the signaling of , , and  parameters to achieve the peak downlink data rates. With the above proposal to signal 0.8 for UE without UE BB bandwidth reduction supporting optional 2-layer MIMO, it can be seen that existing scaling factor values can be used without having to define new ones.
Proposal 6: Rel-18 eRedCap UE supports the same range of peak rate scaling factors () as legacy UEs, i.e., {0.4, 0.75, 0.8, 1}.
Since the maximum data rate is fixed for eRedCap UE, it can be discussed whether the UE still needs to signal the  parameters as this value is fixed. However, as 2-layer support remains possible, the UE should still signal . For Qm and f, it may not be necessary to signal these parameters. However, to maintain future flexibility (e.g. in case eRedCap UE with different peak rates can be introduced in the future), it still might be beneficial for UE to signal them.
Proposal 7: Discuss whether Rel-18 RedCap UE needs to signal Qm and f since peak rate target is always 10 Mbps.
[bookmark: _Ref134452224]Table 1. Approximate RedCap peak data rates, FR1, FDD, 15 kHz SCS if peak data rate is 10 Mbps regardless of optional features (RAN#100 working assumption).
	
	Rel-18 RedCap 
(FG 48-1) 
	Rel-18 RedCap 
(FG 48-2)

	1Tx-1Rx, 64-QAM DL
	10.7 Mbps
= 1, = 4,  = 0.8
	10.6 Mbps
= 1, = 1,  = 0.75

	1Tx-1Rx, 256-QAM DL
	10.7 Mbps
= 1, = 4,  = 0.8
	10.6 Mbps
= 1, = 1,  = 0.75

	1Tx-2Rx, 64-QAM DL
	10.7 Mbps
= 2, = 2,  = 0.8
	11.3 Mbps
= 2, = 1,  = 0.4

	1Tx-2Rx, 256-QAM DL
	10.7 Mbps 
= 2, = 2,  = 0.8
	11.3 Mbps 
= 2, = 1,  = 0.4


Note that the conclusion from RAN#100 that peak rate target is 10 Mbps regardless of what optional features the UE may support is only a working assumption. In case the peak rate can increase with optional features, Table 2 captures the potential peak data rates which varies from 10.7 – 30 Mbps. For comparison, Rel-17 RedCap can achieve peak rate of 85 – 227 Mbps depending on optional feature support. This provides clear differentiation between the two UE types while still following the NR principle that UE supporting advanced capabilities can have higher peak data rates.
[bookmark: _Ref141703355]Table 2. Approximate RedCap peak data rates, FR1, FDD, 15 kHz SCS if peak data rates can be higher with optional features.
	
	Rel-18 RedCap 
(FG 48-1) 
	Rel-18 RedCap 
(FG 48-2)

	1Tx-1Rx, 64-QAM DL
	10.7 Mbps
= 1, = 4,  = 0.8
	10.6 Mbps
= 1, = 1,  = 0.75

	1Tx-1Rx, 256-QAM DL
	15.0 Mbps
= 1, = 6,  = 0.75
	14.2 Mbps
= 1, = 1,  = 1

	1Tx-2Rx, 64-QAM DL
	21.4 Mbps
= 2, = 4,  = 0.8
	21.3 Mbps
= 2, = 4,  = 0.8

	1Tx-2Rx, 256-QAM DL
	30.0 Mbps 
= 2, = 6,  = 0.75
	28.3 Mbps 
= 2, = 6,  = 0.75



Other Issues
In RAN1#113, the following issues were also listed in [2] –
· Initial BWP
· FDRA optimization
· SRS bandwidth
· Support of 60 kHz SCS
· Common PUCCH multiplexity capacity
· Frequency hopping
· MsgA PUSCH resource allocation
In the FL discussion document [2], only the issues of common PUCCH multiplexing capacity and MsgA PUSCH resource allocation were considered, while other issues were not discussed due to lack of interest from companies.
Common PUCCH multiplexity capacity:
During random access, Rel-17 and Rel-18 RedCap UEs will share the same PUCCH. Given the potentially large number of Rel-18 RedCap devices, it was discussed whether PUCCH resource during random access will become a bottleneck. However, further analysis is needed to show whether PUCCH would really be the bottleneck during random access (e.g. compared to PRACH). This is because, in general, the PRACH load is managed such that the collision probability is small. Therefore, PRACH opportunities would naturally expand in case of high expected load which will lead to higher PUCCH capacity also. Therefore, we do not think that the PUCCH will become the bottleneck during random access. Note that, in case additional PUCCH capacity is needed, it can be done by defining new PUCCH PRB offset (i.e. FDM of additional PUCCH resources using the same principle from Rel-17 RedCap) to increase the number of available PUCCH PRBs.
MsgA PUSCH resource allocation:
In RAN1#112, it was agreed that –
· 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.
However, MsgA allocation can be up to 32 PRBs. In this case, if MsgA for Rel-18 RedCap UE is restricted to 25 PRBs, this would limit the configuration for non-eRedCap UE. Based on the previous agreement, if MsgA PUSCH resource allocation is larger than 5 MHz, Rel-18 RedCap UE should skip 2-step RACH and instead use 4-step RACH. However, to minimize impact to legacy UEs without having to provide another MsgA configuration for eRedCap UE, it might be beneficial for the network to be able to configure MsgA PUSCH resource that is larger than 5MHz. In this case, eRedCap UE may transmit using only a portion of the PUSCH corresponding to its baseband capability (i.e. only up to 25 PRBs).
Conclusions
In this contribution, we consider further reduced capability NR devices and make the following observation and proposals –
Proposal 1: Relaxed Msg2-Msg3 processing timeline also applies to UE with reduced peak data rate without reduced baseband bandwidth (FG 48-2). 
Proposal 2: For handling of simultaneous reception during P-RNTI triggered SI acquisition, select Option 7: No specification change.
Proposal 3: For broadcast MBS PDSCH and multicast MBS PDSCH without HARQ feedback, allow the scheduling to be larger than 5MHz (as in legacy operation) for UE with BB bandwidth reduction.
Proposal 4: For multicast MBS PDSCH with HARQ feedback, the number of PRBs scheduled in DCI is not larger than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS for UE with BB bandwidth reduction.
Observation 1: UE supporting optional 2-layer and/or 256-QAM capability are still beneficial from a system spectral efficiency perspective.
Proposal 5: Modify RAN1#113 agreement as follows –
For UE peak data rate reduction without UE BB bandwidth reduction,
· The 10-Mbps peak rate target corresponds to vLayers·Qm·f of 0.75 for 1-layer and 0.8 for 2-layer
· This is assuming 20 MHz bandwidth in the 38.306 peak rate expression.
Proposal 6: Rel-18 eRedCap UE supports the same range of peak rate scaling factors () as legacy UEs, i.e., {0.4, 0.75, 0.8, 1}.
Proposal 7: Discuss whether Rel-18 RedCap UE needs to signal Qm and f since peak rate target is always 10 Mbps.
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