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Introduction
The objectives for R18 RedCap are as follows [1]. 
	The objective is to specify support for the following enhancements: 
Power saving/energy efficiency enhancements
· Enhanced eDRX in RRC_INACTIVE (>10.24s) [RAN2, RAN3, RAN4]
· Note that this objective requires SA2, CT1 and CT4 involvement
Complexity/cost reduction
· Further reduced UE complexity in FR1 [RAN1, RAN2, RAN4]
· UE BB bandwidth reduction
· 5 MHz BB bandwidth only for PDSCH (for both unicast and broadcast) and PUSCH, with 20 MHz RF bandwidth for UL and DL
· The other physical channels and signals are still allowed to use a BWP up to the 20 MHz maximum UE RF+BB bandwidth.
· Support additional separate early indication(s) [RAN1, RAN2]
· UE peak data rate reduction
· Relaxation of the constraint (vLayers·Qm·f ≥ 4) for peak data rate reduction
· The relaxed constraint is, e.g., 1 (instead of 4).
· The parameters (vLayers, Qm, f) can be as in Rel-17 RedCap.
· Both 15 kHz SCS and 30 kHz SCS are supported.
· Aim to define at most one Rel-18 RedCap UE type for further UE complexity reduction.
· The existing UE capability framework is used, and changes to capability signalling are specified only if necessary. By default, all UE capabilities applicable to a Rel-17 RedCap UE are applicable unless otherwise specified.
Notes:
· The work defined as part of this WI is not to overlap with LPWA use cases.
· Coexistence with non-RedCap UEs and Rel-17 RedCap UEs should be ensured.
· This WI considers all applicable duplex modes unless otherwise specified.
Check in RAN#99 regarding:
· Whether UE peak data rate reduction for UE is limited only with UE BB bandwidth reduction or standalone


Based on the above objective, it can be seen that the UE complexity reductions are only applied to FR1. In this contribution, we share our views on UE complexity reductions for FR2. 
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Motivations
In Rel-17, we defined complexity reduction solutions for both FR1 and FR2, i.e., not limited in FR1, as there are cost/complexity reduction requirements in FR2 scenarios. However, with Rel-17 solutions (e.g., 100MHz BW), the supported maximum data rate of an FR2 RedCap UE is around 400 Mbps. This kind of peak rate is still high for some indoor RedCap cases (e.g., industry AGV, etc.). 
In order to enlarge the RedCap market for FR2, and to avoid subsequent standalone enhancement for FR2 in the next release, further complexity reduction for FR2 can be considered in Rel-18 TEI phase. 
Proposal 1: Specify further complexity reductions for FR2 RedCap in Rel-18 TEI phase.

Solutions
In Rel-18, among all the discussed solutions in SI/WI phase, standalone PR1 (i.e., relaxation of the constraint (vLayers·Qm·f ≥ 4) for peak data rate reduction without UE BB bandwidth reduction) is a suitable candidate solution for FR2. The expected impacts would be very small. 
In order to define a relaxed constraint, a suitable target peak rate for FR2 should be confirmed first. In our understanding, the target peak rate for FR2 can be [100Mbps or 50Mbps], and then the constraint for FR2 can be relaxed from 4 to [1.5 or 0.8]. Similar to FR1, [100Mbps or 50Mbps] can be the only target peak rate.
Proposal 2: For UE peak data rate reduction in FR2, the target peak data rate is [100Mbps or 50Mbps]. 
Proposal 3: The [100Mbps or 50Mbps] peak rate target corresponds to a vLayers·Qm·f  of [1.5 or 0.8].

Spec impacts
The expected spec impacts would be very small, including the following:
· 38.306: constraint relaxation
Similar to that of UE peak data rate reductions in FR1, a simple note for constraint relaxation in FR2 is required, e.g., “For RedCap UE with reduced peak data rate in FR2, the component vLayers·Qm·f is [1.5 or 0.8]”
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4.1.2 Supported max data rate for DL/UL
…
For single carrier NR SA operation, the UE shall support a data rate for the carrier that is no smaller than the data rate computed using the above formula, with  and component  is no smaller than 4. 
NOTE 3: As an example, the value 4 in the component above can correspond to ,  and . 
Note 4: For RedCap UE with reduced peak data rate in FR2, the component  is [1.5 or 0.8].
…
------------------------------------------------ End of the modifications ------------------------------------------



· 38.822: UE feature for FR2
A UE feature is needed for FR2. Based on the agreed UE features for FR1 [2], the UE feature for FR2 can be easily constructed.
For components part, the first component of FG28-1 is not needed. Based on our assumption of peak data rate (i.e., 100Mbps) for FR2, the components for FR2 eRedCap can be the following:
	The following components are the same as for supportOfRedCap-r17 (28-1):
1. Maximum FR1 RedCap UE bandwidth is 20 MHz.
2. Maximum FR2 RedCap UE bandwidth is 100 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 100 Mbps or 50Mbps] 
[12. vLayers·Qm·f =1.5 or 0.8]


[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Similar to FR1, The indication type can be per UE. If this feature is not supported by the UE, the network assumes the UE is not a RedCap UE with reduced peak data rate in FR2. In addition, no need of FDD/TDD differentiation, and no need of FR1/FR2 differentiation as this feature is for FR2 only. This feature should be optional with capability signaling. The FG for FR2 is listed in the appendix.
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Based on the analyses, we have the following proposals. The proposed FG for FR2 is attached in the appendix 1.
Proposal 1: Specify further complexity reductions for FR2 RedCap in Rel-18 TEI phase.
Proposal 2: For UE peak data rate reduction in FR2, the target peak data rate is [100Mbps or 50Mbps]. 
Proposal 3: The [100Mbps or 50Mbps] peak rate target corresponds to a vLayers·Qm·f  of [1.5 or 0.8].
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Appendix 
FG for eRedCap in FR2
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (Sidelink WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/
Optional

	48. NR_redcap_enh
	[bookmark: _GoBack][48-3]
	RedCap UE with reduced peak data rate without reduced baseband bandwidth in FR2
	The following components are the same as for supportOfRedCap-r17 (28-1):
1. Maximum FR1 RedCap UE bandwidth is 20 MHz.
2. Maximum FR2 RedCap UE bandwidth is 100 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 100 Mbps or 50Mbps] 
[12. vLayers·Qm·f =1.5 or 0.8]
	
	Y
	
	Network assumes the UE is not a RedCap UE with reduced peak data rate in FR2.
	Per UE
	No
	No(FR2 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 48-3) 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).



