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1. Introduction
At the RAN2#121 meeting[1], the following agreements were reached regarding the further reduced UE complexity in FR1.

RAN2#121 meeting agreements 

1 Introduce Msg3/MsgA PUSCH based early indication for Rel-18 eRedCap. FFS how to implement this in the spec (e.g., new LCIDs or not). 
2 We will wait for RAN1 progress to see if there is a need for a Msg1 early indication for eRedCap. 
3 The NR MIB “cellBarred” bit applies to all UEs (Normal UEs, Redcap UEs and eRedcap UEs).

In this contribution, we’d like to share our views on system information enhancements, Msg3/MsgA PUSCH based early indication and capability for Rel-18 eRedCap.
2. Discussion

2.1 Cell Bar

Rel-18 eRedCap UE has reduced capabilities compared with non-RedCap and Rel-17 RedCap UEs, such as lower BB bandwidth. To ensure better system performance, Rel-18 eRedCap UEs should only camp on cells capable of serving this kind of UEs. Hence, the system information should be extended to indicate whether a Rel-18 eRedCap UE can camp on the cell. 

Proposal 1: An indication in system information is needed to indicate whether a Rel-18 eRedCap UE can camp on the cell. 

Traditionally, the cell bar mechanism is used to inform whether a UE is allowed to camp on a cell. There are several cell bar indications already, e.g. Cellbar in MIB is applied to all UEs, cellBarredRedCap1Rx-r17 and cellBarredRedCap2Rx-r17 in SIB1 are applied to Rel-17 RedCap UEs with 1Rx and 2Rx respectively. With separate cell bar indications, a cell has flexibility to bar only a subset of the UEs in its coverage while allowing other UEs to camp, which enables the cell to accurately offload camping UEs in a step-by-step manner when the cell is congested. Similar to R17 RedCap, we think two separate cell bar indications for Rel-18 eRedCap can be introduced. Therefore, we propose,

Proposal 2: Introduce two separate cell bar IEs(e.g. cellBarred-eRedCap1Rx-r18 and cellBarred-eRedCap2Rx-r18) in SIB1 to indicate whether to bar Rel-18 eRedCap UEs with 1Rx/2Rx or not respectively. 

What’s more, halfDuplexRedCapAllowed-r17 is introduced in R17 RedCap to indicate whether to bar Rel-17 RedCap UEs supporting only half-duplex FDD operation. In Rel-18, one issue raised is whether the existing halfDuplexRedCapAllowed-r17 can be also reused by Rel-18 eRedCap UE. In our understanding, the existing halfDuplexRedCapAllowed-r17 cannot be reused. It is because that one cell doesn’t support Rel-17 RedCap but may support Rel-18 eRedCap. For example, a cell covering an unmanned factory area supports Rel-18 eRedCap for automated manufacturing, but it does not support Rel-17 RedCap. In this example, the existing halfDuplexRedCapAllowed-r17 will not be broadcasted in SIB1. Then, how can a Rel-18 eRedCap UE supporting only half-duplex FDD operation confirm whether it is barred or not? One straightforward solution is to introduce an additional Rel-18 eRedCap specific halfDuplex indication in SIB1.

Proposal 3: Introduce an additional eRedCap specific halfDuplex indication (e.g. halfDuplex-eRedCapAllowed-r18) in SIB1 to indicate whether to bar Rel-18 eRedCap UEs supporting only half-duplex FDD operation. 

After RAN2 reaches a consensus on the eRedCap specific cell bar indication and halfDuplex indication, we can send the agreements to RAN1 to check whether there is any issue to differentiate Rx number and halfDuplex from RAN1 point of view. Therefore, we have the following proposal.

Proposal 4: Send LS to inform RAN1 about RAN2 agreements on the eRedCap specific cell bar indication and halfDuplex indication to check whether there is any issue to differentiate Rx number and halfDuplex from RAN1 point of view. 
2.2 Intra-Frequency Re-selection Indication
In Rel-17, a RedCap specific IFRI indication (i.e. intraFreqReselectionRedCap-r17, which is optional present) is introduced. If the indication is absent from the broadcasting system information, Rel-17 RedCap UE considers the cell does not support Rel-17 RedCap; otherwise, Rel-17 RedCap UE considers the cell supports Rel-17 RedCap. The intraFreqReselectionRedCap-r17 is common for Rel-17 RedCap UEs with 1 Rx or 2 Rx branches, which means both 1 Rx and 2 Rx Rel-17 RedCap UEs follow the instruction of intraFreqReselectionRedCap-r17 to perform cell re-selection when they are barred.

In Rel-18, one issue raised is whether the existing intraFreqReselectionRedCap-r17 can be also reused by Rel-18 eRedCap UE or whether a Rel-18 eRedCap UE can follow the instruction of intraFreqReselectionRedCap-r17 to perform cell re-selection when it is barred? 

Same as the reason in Section 2.1 above, the existing intraFreqReselectionRedCap-r17 cannot be reused because that one cell doesn’t support Rel-17 RedCap but may support Rel-18 eRedCap. So the existing intraFreqReselectionRedCap-r17 will not be broadcasted in SIB1. Then, how can a Rel-18 eRedCap UE perform cell re-selection without IFRI indication when it is barred? One straightforward solution is to introduce an additional Rel-18 eRedCap specific IFRI indication in SIB1.
Proposal 5: Introduce an additional eRedCap specific IFRI indication (e.g. intraFreqReselection-eRedCap-r18) in SIB1 for Rel-18 eRedCap UEs. Rel-18 eRedCap UEs should apply this parameter when cellBarred-eRedCap-r18 in SIB1 is set to barred. 
Proposal 6: Similar to Rel-17 RedCap, Rel-18 eRedCap UEs consider one cell does not support Rel-18 eRedCap if the eRedCap specific IFRI (e.g. intraFreqReselection-eRedCap-r18) is absent in SIB1.

In Rel-17, the following agreements were reached for RedCap.
	Agreement in RAN2#117e

· UE should acquire SIB1 and follow the RedCap-specific IFRI provided in SIB1 when cellBarred in MIB is set to barred
· UE should consider IFRI as “allowed” when i) cell does not indicate support for RedCap UEs or ii) Red Cap UE is unable to acquire SIB1


For Rel-18 eRedCap, we see no reason to diverse from the design of Rel-17 RedCap. Hence, we propose,
Proposal 7: Similar to Rel-17 RedCap, Rel-18 eRedCap UEs should acquire SIB1 and follow the eRedCap-specific IFRI provided in SIB1 when cellBarred in MIB is set to barred. 

Proposal 8: Similar to Rel-17 RedCap, Rel-18 eRedCap UEs should consider IFRI as “allowed” when i) cell does not indicate support for eRedCap UEs or ii) eRedCap UE is unable to acquire SIB1. 
2.3 Frequency Allowed to Access

In Rel-17, SIB4 provides information on which frequencies allow RedCap UE accessing as follows:
InterFreqCarrierFreqInfo-v1700 ::=  SEQUENCE {

    interFreqNeighHSDN-CellList-r17     InterFreqNeighHSDN-CellList-r17                             OPTIONAL,    -- Need R

    highSpeedMeasInterFreq-r17          ENUMERATED {true}                                           OPTIONAL,    -- Need R

    redCapAccessAllowed-r17             ENUMERATED {true}                                           OPTIONAL,    -- Need R

    ssb-PositionQCL-Common-r17          SSB-PositionQCL-Relation-r17                                OPTIONAL,    -- Cond SharedSpectrum

    interFreqNeighCellList-v1710        InterFreqNeighCellList-v1710                                OPTIONAL     -- Cond SharedSpectrum2

}

Reusing the redCapAccessAllowed-r17 to Rel-18 eRedCap will lead to the huge restriction on network deployment, i.e. Rel-17 RedCap and Rel-18 eRedCap should be deployed on the same frequency. To avoid such restriction, a separate indication (e.g. eRedCap-AccessAllowed-r18) can be introduced to inform which frequencies allow eRedCap UE accessing. Hence, we propose,
Proposal 9: Similar to Rel-17 RedCap, system information can provide eRedCap specific indication (e.g. eRedCapAccessAllowed-r18) to inform which frequencies accept Rel-18 eRedCap UE access. 
2.4 Msg3/MsgA PUSCH based early indication

At the last meeting, we agreed to introduce Msg3/MsgA PUSCH based early indication for Rel-18 eRedCap. As for the specific method to implement it, two options have been proposed in the contributions. For the first option, two separate reserved LCIDs are used for CCCH and CCCH1 cases respectively, which follows the same logic as R17 RedCap. For the second option, reuse the allocated LCID values for R17 RedCap to indicate support of R18 eRedCap and utilize, e.g., a reserved bit of the MAC subheader for CCCH for the indication. According to MAC spec[2], the remaining number of LCID is 7 and the available number of reserved bits of the MAC subheader for CCCH is 2 as below. 

	Codepoint/Index
	LCID values

	0
	CCCH of size 64 bits (referred to as "CCCH1" in TS 38.331 [5]), except for a RedCap UE

	1–32
	Identity of the logical channel of DCCH and DTCH

	33
	Extended logical channel ID field (two-octet eLCID field)

	34
	Extended logical channel ID field (one-octet eLCID field)

	35
	CCCH of size 48 bits (referred to as "CCCH" in TS 38.331 [5]) for a RedCap UE 

	36
	CCCH of size 64 bits (referred to as "CCCH1" in TS 38.331 [5]) for a RedCap UE

	37–42
	Reserved

	43
	Truncated Enhanced BFR (one octet Ci)

	44
	Timing Advance Report

	45
	Truncated Sidelink BSR

	46
	Sidelink BSR

	47
	Reserved

	48
	LBT failure (four octets)

	49
	LBT failure (one octet)

	50
	BFR (one octet Ci)

	51
	Truncated BFR (one octet Ci)

	52
	CCCH of size 48 bits (referred to as "CCCH" in TS 38.331 [5]), except for a RedCap UE

	53
	Recommended bit rate query

	54
	Multiple Entry PHR (four octets Ci)

	55
	Configured Grant Confirmation

	56
	Multiple Entry PHR (one octet Ci)

	57
	Single Entry PHR

	58
	C-RNTI

	59
	Short Truncated BSR

	60
	Long Truncated BSR

	61
	Short BSR

	62
	Long BSR

	63
	Padding


Table 1: Values of LCID for UL-SCH
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Figure 1: R/LCID MAC subheader

To our understanding, both options are feasible. The advantage of the first option is that the extension space of RedCap and eRedCap UEs is the same as that of non-RedCap UE with regard to CCCH and CCCH1. All of them have 2 reserved bits in MAC subheader. RedCap and eRedCap UEs have no risk of being unable to support non-RedCap features due to insufficient extension fields in MAC subheader. The advantage of the second option is two 6-bit LCIDs can be reserved for the future.
Therefore, we have the following proposal, 
Proposal 10: RAN2 to discuss how to implement Msg3/MsgA PUSCH based early indication for Rel-18 eRedCap,

· Option 1: Two separate reserved LCIDs are used for CCCH and CCCH1 cases respectively.

· Option 2: R18 eRedCap reuses the R17 RedCap’s LCIDs and a reserved bit of the MAC subheader for CCCH and CCCH1 is used to differentiate  R18 eRedCap from R17 RedCap.
2.5 Capability

In this part, we discuss the functional components of R18 eRedCap UE, while the existing R17 RedCap UE’s functional components defined in TS 38.306[3] as below could be used as the reference. 
	Definitions for parameters
	Per
	M
	FDD-TDD DIFF

	ncd-SSB-ForRedCapInitialBWP-SDT-r17

Indicates that the UE supports using RedCap-specific initial DL BWP associated with NCD-SSB for SDT. If absent, the UE only supports SDT in an initial DL BWP that includes the CD-SSB. UE supporting this feature shall indicate support of supportOfRedCap-r17 and ra-SDT-r17 and/or cg-SDT-r17.
	UE
	No
	No

	supportOf16DRB-RedCap-r17

Indicates whether the RedCap UE supports 16 DRBs. This capability is only applicable for RedCap UEs.
	UE
	No
	No

	supportOfRedCap-r17
Indicates that the UE is a RedCap UE with comprised of at least the following functional components:

-
Maximum FR1 RedCap UE bandwidth is 20 MHz;

-
Maximum FR2 RedCap UE bandwidth is 100 MHz;

-
Support of RedCap early indication based on Msg1, MsgA (if UE indicated support of twoStepRACH-r16) and Msg3 for random access;

-
Separate initial UL BWP for RedCap UEs;

-
Separate initial DL BWP for RedCap UEs;

-
UE-specific RRC-configured DL BWP with CD-SSB or NCD-SSB;

-
NCD-SSB based measurements in RRC-configured DL BWP.

A RedCap UE shall set the field to supported.
	UE
	CY
	No


                                                  Table 2: General parameters of RedCap
Firstly, according to WID [4], maximum RF bandwidth in FR1 is 20 MHz for UL and DL. This should be one component. During the discussion in RAN#99 [5], we agreed that 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. So, peak data rate is around 10 Mbps. This should be another component.

Besides, for early indiction aspect, we agreed to introduce Msg3/MsgA PUSCH based early indication for Rel-18 eRedCap, while Msg1 based early indication is being discussed in RAN1. Thus, we could first agree to introduce Msg3/MsgA PUSCH based early indication as one component.

Last but not least, we think Rel-17 configuration of separate initial UL BWP for RedCap UEs can be also supported by R18 eRedCap UE. This is also being discussed in RAN1. They might introduce this separate initial BWP to identify Rel-18 eRedCap UE but not rely on Msg1 based early indication. Besides, in case Rel-17 separate initial BWP is configured for Rel-17 RedCap UEs, from system point of view, there is no additional effort for Rel-18 eRedCap UEs to support it. Thus, it could be also considered as one component. But the details are up to RAN1 discussion. 
Proposal 11: Following components can be considered to be included in the basic FG for Rel-18 eRedCap UEs and Rel-18 eRedCap UE shall indicate support for the FG. 

· Maximum RF bandwidth in FR1 is 20 MHz for UL and DL

· Peak data rate is around 10 Mbps 

· Rel-18 early indication of Msg3/MSGA for random access

· Rel-17 configuration of separate initial UL BWP for RedCap UEs, FFS details up to RAN1

· Rel-17 configuration of separate initial DL BWP for RedCap UEs, FFS details up to RAN1
3. Conclusion

In this contribution, we discuss the system information enhancements, early indication, and capability for Rel-18 eRedCap. Based on the discussion, we have the following proposals:
Cell bar

Proposal 1: An indication in system information is needed to indicate whether a Rel-18 eRedCap UE can camp on the cell. 

Proposal 2: Introduce two separate cell bar IEs(e.g. cellBarred-eRedCap1Rx-r18 and cellBarred-eRedCap2Rx-r18) in SIB1 to indicate whether to bar Rel-18 eRedCap UEs with 1Rx/2Rx or not respectively. 

Proposal 3: Introduce an additional eRedCap specific halfDuplex indication (e.g. halfDuplex-eRedCapAllowed-r18) in SIB1 to indicate whether to bar Rel-18 eRedCap UEs supporting only half-duplex

FDD operation. 

Proposal 4: Send LS to inform RAN1 about RAN2 agreements on the eRedCap specific cell bar indication and halfDuplex indication to check whether there is any issue to differentiate Rx number and halfDuplex from RAN1 point of view. 
Intra-Frequency Re-selection Indication

Proposal 5: Introduce an additional eRedCap specific IFRI indication (e.g. intraFreqReselection-eRedCap-r18) in SIB1 for Rel-18 eRedCap UEs. Rel-18 eRedCap UEs should apply this parameter when cellBarred-eRedCap-r18 in SIB1 is set to barred. 
Proposal 6: Similar to Rel-17 RedCap, Rel-18 eRedCap UEs consider one cell does not support Rel-18 eRedCap if the eRedCap specific IFRI (e.g. intraFreqReselection-eRedCap-r18) is absent in SIB1.

Proposal 7: Similar to Rel-17 RedCap, Rel-18 eRedCap UEs should acquire SIB1 and follow the eRedCap-specific IFRI provided in SIB1 when cellBarred in MIB is set to barred. 

Proposal 8: Similar to Rel-17 RedCap, Rel-18 eRedCap UEs should consider IFRI as “allowed” when i) cell does not indicate support for eRedCap UEs or ii) eRedCap UE is unable to acquire SIB1. 

Frequency Allowed to Access
Proposal 9: Similar to Rel-17 RedCap, system information can provide eRedCap specific indication (e.g. eRedCapAccessAllowed-r18) to inform which frequencies accept Rel-18 eRedCap UE access. 
Msg3/MsgA PUSCH based early indication

Proposal 10: RAN2 to discuss how to implement Msg3/MsgA PUSCH based early indication for Rel-18 eRedCap,

· Option 1: Two separate reserved LCIDs are used for CCCH and CCCH1 cases respectively.

· Option 2: R18 eRedCap reuses the R17 RedCap’s LCIDs and a reserved bit of the MAC subheader for CCCH and CCCH1 is used to differentiate  R18 eRedCap from R17 RedCap.

Capability

Proposal 11: Following components can be considered to be included in the basic FG for Rel-18 eRedCap UEs and Rel-18 eRedCap UE shall indicate support for the FG. 

· Maximum RF bandwidth in FR1 is 20 MHz for UL and DL

· Peak data rate is around 10 Mbps 

· Rel-18 early indication of Msg3/MSGA for random access

· Rel-17 configuration of separate initial UL BWP for RedCap UEs, FFS details up to RAN1

· Rel-17 configuration of separate initial DL BWP for RedCap UEs, FFS details up to RAN1
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