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1. [bookmark: _Toc120549591]Introduction
During last RAN1 meeting, UE features for R18 eRedCap are discussed and the following agreements were made[1].
Agreement
· Introduce following FGs
	48. NR_redcap_enh
	48-1
	RedCap UE with reduced peak data rate and reduced baseband bandwidth in FR1
	The following components are the same as for supportOfRedCap-r17 (28-1):
1. Maximum FR1 RedCap UE bandwidth is 20 MHz.
3. Early indication of RedCap UE in Msg.1 for 4-step RACH
4. Separate initial UL BWP for RedCap UEs
- It includes the configuration(s) needed for RedCap UE to perform random access
- Enabling/disabling of frequency hopping for common PUCCH resources
5. Separate initial DL BWP for RedCap UEs
- It includes CSS/CORESET for random access
- For separate initial DL BWP used for paging, CD-SSB is included
- For separate initial DL BWP only used for RACH, SSB may or may not be included
- For separate initial DL BWP used in connected mode as BWP#0 configuration option 1, CD-SSB is included
6. 1 UE-specific RRC configured DL BWP per carrier
7. 1 UE-specific RRC configured UL BWP per carrier
8. RRC reconfiguration of any parameters related to BWP
9. UE-specific RRC configured DL BWP with CD-SSB or NCD-SSB
10. NCD-SSB based measurements in RRC-configured DL BWP

The following components are new compared to supportOfRedCap-r17 (28-1):
[11. DL/UL peak data rate target of 10 Mbps] 
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
FFS whether to add additional components
	
	Y
	
	Network assumes the UE is not a RedCap UE with reduced peak data rate and reduced baseband bandwidth in FR1.
	[Per UE]
	[No]
	[No] (FR1 only)
	
	A UE supporting this FG is not required to support FG 6-1.
A UE supporting this FG is not allowed to support FG 28-1.
The specifications for a UE supporting FG 28-1 (‘RedCap UE’) also apply for a UE supporting this FG (FG 48-1) unless stated otherwise.
It is up to RAN2 whether/how to capture the capabilities for early indication of RedCap UE in Msg 3 and Msg A.
	Optional with capability signaling
UEs supporting Rel-18 eRedCap UE complexity reduction feature(s) indicate support of this FG instead of FG 28-1 (supportOfRedCap-r17).

	48. NR_redcap_enh
	48-2
	RedCap 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]
	48-1
	Y
	
	Network assumes the UE is not a RedCap UE with reduced peak data rate without reduced baseband bandwidth in FR1.
	[Per UE]
	[No]
	[No] (FR1 only)
	
	
	Optional with capability signaling




Agreement
· In the LS to RAN2 for Rel-18 UE features for NR, ask RAN2 to update the prerequisite FGs for FGs 28-1a and 28-3 as: 28-1 or 48-1

In this contribution, we provide our views on eRedCap UE features mainly on the highlighted issues in above agreement.
2. Discussion on UE features for R18 eRedCap
In this section, the peak date rate related component and RAR-PDSCH processing timeline related component are discussed.
· Peak date rate reduction
According to the agreements, the UE peak data rate related component 11 in FG48-1 needs further discussion, as the following,
[11. DL/UL peak data rate target of 10 Mbps] 
The main controversy is whether the peak data rate target of 10 Mbps is a minimum requirement or a fixed requirement. During the RAN#100 meeting, the following working assumption was made. Based on the working assumption, 10Mbps is the target peak data rate, not the minimum peak data rate, so bracket of component 11 can be removed.
	working assumption: 	The peak rate target is 10 Mbps regardless of what optional features the UE may support.
	(i.e. WGs can progress on this topic based on this assumption)


The main work of R18 eRedCap peak data rate reduction is to relax the constraint (vLayers·Qm·f ≥ 4) which is used to calculate UE peak data rate. It needs to be captured in the UE capability, otherwise, the peak data rate requirement will be similar as R17 RedCap UE, where the peak data rate can be larger than 150Mbps with 2layer, 64QAM and f=1, although the target peak data rate is up to 150Mbps for R17 RedCap. This means the constraint can take value which corresponds to peak data rate larger than the target peak data rate. The related agreements about DL/UL peak data rate in RAN1 is as following. So the constraint is proposed to be one component of UE capability. 
	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


Proposal 1: Confirm the following component in FG48-1,
· 11. DL/UL peak data rate target of 10 Mbps 
Proposal 2: Include the constraint of vLayers·Qm·f in component 11 of FG48-1,
· 11. DL/UL peak data rate target of 10 Mbps
· 10 Mbps peak rate target corresponds to a vLayers·Qm·f of 3.2
For FG48-2, the constraint value of vLayers·Qm·f  is different from FG 48-1, so the peak data rate component should also be a difference, therefore, we propose the following,
Proposal 3: For FG48-2, add component 11 as an exceptional component from FG48-1, with constraint value of vLayers·Qm·f of 0.75. 
Whether to introduce other onstraint value of vLayers·Qm·f for PR1 only UEs when they support 2 layers can wait for conclusion from 9.6.1 discussion.

· RAR-PDSCH processing timeline relaxation
RAR-PDSCH processing timeline relaxation is not component of FG48-2, the reasons are as following,
1) The motivation of RAR-PDSCH processing timeline relaxation is to introduce more processing time for UE with bandwidth reduction, when the scheduling bandwidth of RAR PDSCH is larger than the maximum number of unicast PRBs that the UE can process per slot, e.g.12PRBs for 30KHz, 12PRBs for 30KHz. For eRedCap UE with PR1 only, it can process PRBs number up to 20MHz, so it is meaningless to do the restriction. The related agreements are copied below, it can be seen that the agreements is applied to UE BB bandwidth reduction, as highlighted.
	Agreements of RAN1#112 for RAR bandwidth and Msg3 transmission time
Agreement: (replaced by later 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

Agreements of RAN1#113 for Random access timeline and early indication
Agreement: [38.213, 38.321, 38.331]
· 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.



2) For the RAN plenary agreement, which says eRedCap UE with PR1 shares the same initial access procedure as eRedCap UE with BW3&PR1, it means gNB doesn’t need to make different scheduling strategies for these UEs when both of them exist. In the case that the network is not sure about the eRedCap UE capabilities it served, it needs to take into account of X value when it schedules RAR PDSCH. However, for some specific deployment, if gNB has known the UE capability in advance, e.g. in some factory deployment, only R18 PR1 UEs , it certainly does not need to consider the X value when scheduling RAR PDSCH. 
Therefore, we propose that component 13. Relaxed RAR-PDSCH processing timeline is a different feature for FG48-2 from FG48-1.
Proposal 4. The following component 13 should not be a restriction for RedCap UE with reduced peak data rate without reduced baseband bandwidth in FR1, and it does not apply for FG48-2, so the bracket should be removed,
· 13. Relaxed RAR-PDSCH processing timeline 
3. Conclusion
In this contribution, we provide our considerations on RedCap UE features, and the following proposals are made.
Proposal 1: Confirm the following component in FG48-1,
· 11. DL/UL peak data rate target of 10 Mbps 
Proposal 2: Include the constraint of vLayers·Qm·f in component 11 of FG48-1,
· 11. DL/UL peak data rate target of 10 Mbps
· 10 Mbps peak rate target corresponds to a vLayers·Qm·f of 3.2
Proposal 3: For FG48-2, add component 11 as an exceptional component from FG48-1, with constraint value of vLayers·Qm·f of 0.75. 
Proposal 4. The following component 13 should not be a restriction for RedCap UE with reduced peak data rate without reduced baseband bandwidth in FR1, and it does not apply for FG48-2, so the bracket should be removed,
· 13. Relaxed RAR-PDSCH processing timeline 
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