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1. Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In the last meeting, we have achieved the following meeting on the eRedCap UE capability definition:
	The support of Rel-18 eRedCap (FG 48-1 and 48-2) is defined as independently of Rel-17 RedCap (FG 28-1) understanding that RAN1 also agreed that UE supporting Rel-18 eRedCap feature(s) indicate support of this FG 48-1 instead of FG 28-1 (supportOfRedCap-r17).
New UE capability (referred e.g., as supportOfEnhancedRedCap-r18) is defined to capture FG 48-1 (i.e., RedCap UE with reduced peak data rate and reduced baseband bandwidth in FR1) with the corresponding details explained in RAN1 feature list (R1-2306223).
New UE capability (referred e.g., supportOfNotReducedBB-BW-r18) is defined to capture FG 48-2 (i.e., RedCap UE with reduced peak data rate without reduced baseband bandwidth in FR1) with the corresponding details explained in RAN1 feature list (R1-2306223).
To remove from RAN2 running Capability CRs any reference to supportOfEnhancedRedCap-r18 as it is part of RAN1 feature list and its corresponding TP should be captured as part of Mega-Capability CRs. If so, to agree to the update done on UE capabilities running CR to 38.306 and 38.331 in R2-2307657 and R2-2307659.
We will create a temporary CR for RAN1 eRedCap features.
To add in the list of functional components for the supportOfEnhancedRedCap-r18 the support of eRedCap early indication based on Msg3 and MsgA PUSCH.
A Rel-18 eRedCap UE (both FG 48-1 and FG 48-2) can also support all RAN2-centric Rel-17 RedCap UE capabilities in the same manner.
Discuss during CR implementation how to capture this in TS 38.306: option 1) add in the field description of R18 eRedCap capability (i.e. supportOfEnhancedRedCap-r18) the following statement “all supportOfRedCap-r17 related capabilities specified in this specification remain applicable for Rel-18 RedCap UEs, unless indicated otherwise” or option 2) update the field description of the RAN2-centric Rel-17 RedCap UE capabilities to be applicable to (e)RedCap UEs.
To include the following in “section 4.2.x.1 Definition of eRedCap UE” of TS 38.306:
eRedCap UE is the UE with reduced peak data rate and, with or without reduced baseband bandwidth in FR1:
The maximum bandwidth is 20 MHz for FR1. UE features and corresponding capabilities related to UE bandwidths wider than 20 MHz in FR1 are not supported by eRedCap UEs. eRedCap UEs do not support operation in FR2.
The specifications and capabilities of a RedCap UE are also applicable to eRedCap UEs unless stated otherwise.
Section 4 on “Supported max data rate for DL/UL” in TS 38.306 needs to be updated to include RAN1 agreement on the new value(s) of X for which the legacy constraint “vLayers·Qm·f ≥ 4” is relaxed by capturing the following TP: “For single carrier NR SA operation, the UE (except a UE indicating supportOfERedCap-r18) shall support a data rate for the carrier that is no smaller than the data rate computed using the above formula, with J=1 CC and component vLayers(j)⋅Qmj⋅fj is no smaller than 4. For UE indicating supportOfEnhancedRedCap-r18 in 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 J=1 CC and component vLayers(j)⋅Qmj⋅fj is no smaller than 0.75 if UE does not indicate supportOfNotReducedBB-BW-r18 or 3.2 if UE also indicates supportOfNotReducedBB-BW-r18.”).


In this contribution, we discuss the remaining open issues on eRedCap UE capability, including the clarification of the eRedCap UE capability on FR1 60kHz SCS, the relaxed RAR-PDSCH processing timeline for eRedCap UEs, UE capability filtering and other leftover issues from TS 38.306 running CR.
2. Discussion
2.1 Clarification on FR1 60kHz SCS
According to the WID [1], UE complexity for eRedCap UEs is further reduced in FR1 and both 15 kHz SCS and 30 kHz SCS are supported. 
	Complexity/cost reduction
· Further reduced UE complexity in FR1 [RAN1, RAN2, RAN4]
· [bookmark: _Hlk145414992]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.
· 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.
· Relation between ‘UE BB bandwidth reduction’ and ‘UE peak data rate reduction’
· A UE can support ‘UE peak data rate reduction’ with or without ‘UE BB bandwidth reduction’.
· The initial access procedure for ‘UE peak data rate reduction’ without ‘UE BB bandwidth reduction’ is the same as for ‘UE peak data rate reduction’ with ‘UE BB bandwidth reduction’.
· The peak rate target is 10 Mbps regardless of what optional features the UE may support.
· Support additional separate early indication(s) [RAN1, RAN2]
· 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.


The current TS 38.306 running CR specifies that eRedCap UEs do not support operation in FR2, but does not mention whether eRedCap UEs support operation in FR1 60kHz SCS. 
	4.2.x	eRedCap Parameters
4.2.x.1	Definition of eRedCap UE
eRedCap UE is the UE with reduced peak data rate and, with or without reduced baseband bandwidth in FR1:
-	The maximum bandwidth is 20 MHz for FR1. UE features and corresponding capabilities related to UE bandwidths wider than 20 MHz in FR1 are not supported by eRedCap UEs. eRedCap UEs do not support operation in FR2.



In the current TS 38.306, the UE can indicate whether the UE supports 60kHz subcarrier spacing for data channel in FR1 using scs-60kHz parameter. Therefore, if the operation in FR1 60kHz SCS is not forbidden for eRedCap UEs explicitly, eRedCap UEs are allowed to support it via reporting scs-60kHz parameter to the network, which is undesirable.
Proposal 1a: RAN2 to clarify that eRedCap UEs do not support 60kHz SCS in FR1.
To achieve proposal 1a, there are two alternative options as follows:
· Option 1: Clarify that scs-60kHz capability is not applicable to eRedCap UEs in the field description of scs-60kHz.
	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	scs-60kHz
Indicates whether the UE supports 60kHz subcarrier spacing for data channel in FR1 as defined in clause 4.2-1 of TS 38.211 [6]. This capability is not applicable to eRedCap UEs.
	UE
	No
	No
	FR1 only


· Option 2: Clarify that eRedCap UEs do not support operation in FR1 60kHz SCS in the general description in section “4.2.x.1	Definition of eRedCap UE”.
	4.2.x.1	Definition of eRedCap UE
eRedCap UE is the UE with reduced peak data rate and, with or without reduced baseband bandwidth in FR1:
-	The maximum bandwidth is 20 MHz for FR1. UE features and corresponding capabilities related to UE bandwidths wider than 20 MHz in FR1 are not supported by eRedCap UEs. eRedCap UEs do not support operation in FR2 and in FR1 60kHz SCS.


Proposal 1b: The above proposal 1a is clarified:
· Option 1: In the field description of scs-60kHz; or
· Option 2: In the general description in section “4.2.x.1 Definition of eRedCap UE”
2.2 Relaxed RAR-PDSCH processing timeline
In the revised WID [1], the relation between eRedCap UEs with or without reduced baseband bandwidth in FR1is added as follow:
	· Relation between ‘UE BB bandwidth reduction’ and ‘UE peak data rate reduction’
· A UE can support ‘UE peak data rate reduction’ with or without ‘UE BB bandwidth reduction’.
· The initial access procedure for ‘UE peak data rate reduction’ without ‘UE BB bandwidth reduction’ is the same as for ‘UE peak data rate reduction’ with ‘UE BB bandwidth reduction’.


Also, in the updated RAN1 UE features list for Rel-18 NR after RAN1#114 [2], it is mentioned that component 13 (i.e. Relaxed processing timeline of 1/0.5 ms for 15/30 kHz SCS when the RAR PDSCH and MsgB PDSCH (if supported) is larger than 25/12 PRBs for 15/30 kHz SCS) in FG 48-1 is supported by FG 48-2 during initial access, which is also captured in the current TS 38.306 running CR. The motivation for this limitation is to clarify the initial access procedure for eRedCap UEs without reduced baseband is the same as for eRedCap UEs with reduced baseband.
However, after the eRedCap UEs complete the initial access and enter the RRC_CONNECTED state, eRedCap UEs can still initiate contention-based random access, e.g. handover procedure based on CBRA. When the network receives the preamble, it cannot identify whether the eRedCap UE supports notReducedBB-BW-r18 or not. So the network would send RAR and schedule the Msg3/MsgB PDSCH following the relaxed RAR-PDSCH processing timeline. In this case, the eRedCap UE should also support this component although it has completed initial access.
Proposal 2: RAN2 to clarify that the “Relaxed RAR-PDSCH processing timeline” applies to any eRedCap UE during any CBRA procedure.
2.3 Capability filtering
Capability filtering was discussed in RAN2#123 meeting but no consensus was reached, eRedCap UE can always report all supported band combinations and associated feature sets, and ignore the capability filter received in UECapabilityEnquiry message, to reduce the UE processing complexity. But if the eRedCap UE 
Proposal 3: If the new approach of reporting UE capability information by ignoring NW configured filters is supported, it is optional for eRedCap UE to use this new approach or use the legacy procedure to report UE capability information.
Currently from NW point of view, the filter mirrored in UECapabilityInformation message is used to determine whether the NW needs to re-enquire the UE capability information, for example, the UE initially accesses to the NW or performs handover to the NW. If the NW satisfies the used filters, the NW can directly use the UE capability information based on the filters, but if some of the bands interested by the NW are not included in the filters, the NW may enquire UE to report UE capability information based on new filters. However, if the eRedCap uses the new approach to report UE capability information, although there may be some bands interested by the NW are not included in the filters, the NW does not need to enquire UE again since the reported UE capability information won’t be changed. For the bands not reported by the UE, it is because the UE does not support them instead of not being enquired by the NW. An example is showed in Fig.1.
[image: ]
Fig. 1. UE capability enquiry based on the mirrored filter
Observation 1: The mirrored filter is used to determine whether the NW needs to re-enquire the UE capability information. The NW does not need to enquire UE again if the eRedCap uses the new approach to report UE capability information.
Thus, if the NW can clearly know whether the eRedCap UE uses the new approach or legacy procedure for this reported UE capability information, the unnecessary UE capability enquiry can be avoided. For example, a single bit indicating whether the new approach is used or not for current reported UE capability information can be reported in UECapabilityInformation message, if the single bit is signaled, the NW can understand full UE capability is reported then UE capability enquiry is not needed anymore. The NW enabling eRedCap should always comprehend this single bit, and the UE can only report this single bit when the cell enables eRedCap, thus, compatibility issue does not exist.
Proposal 4: If the new approach of reporting UE capability information by ignoring NW configured filters is supported, the eRedCap UE indicates whether the applied filter for reported UE capability information contains all the supported bands of the UE.
2. [bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]Conclusion
[bookmark: _Toc423020280]In this paper, we discuss the remaining open issues on eRedCap UE capability, and propose the following:
Observation 1: The mirrored filter is used to determine whether the NW needs to re-enquire the UE capability information. The NW does not need to enquire UE again if the eRedCap uses the new approach to report UE capability information.
FR1 60kHz SCS 
Proposal 1a: RAN2 to clarify that eRedCap UEs do not support 60kHz SCS in FR1.
Proposal 1b: The above proposal 1a is clarified:
· Option 1: In the field description of scs-60kHz; or
· Option 2: In the general description in section “4.2.x.1 Definition of eRedCap UE”
Relaxed RAR-PDSCH processing timeline 
Proposal 2: RAN2 to clarify that the “Relaxed RAR-PDSCH processing timeline” applies to any eRedCap UE during any CBRA procedure.
[bookmark: _GoBack]Capability filtering 
Proposal 3: If the new approach of reporting UE capability information by ignoring NW configured filters is supported, it is optional for eRedCap UE to use this new approach or use the legacy procedure to report UE capability information.
Proposal 4: If the new approach of reporting UE capability information by ignoring NW configured filters is supported, the eRedCap UE indicates whether the applied filter for reported UE capability information contains all the supported bands of the UE.
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