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1 Introduction
Rel-17 RedCap WID [1] was revised in RAN #91 e-meeting. One of the objectives of the RedCap WI is to:

· Specify definition of one RedCap UE type including capabilities for RedCap UE identification and for constraining the use of those RedCap capabilities only for RedCap UEs, and preventing RedCap UEs from using capabilities not intended for RedCap UEs including at least carrier aggregation, dual connectivity and wider bandwidths. [RAN2, RAN1]

· The existing UE capability framework is used; changes to capability signalling are specified only if necessary.

· Specify functionality that will enable RedCap UEs to be explicitly identifiable to networks through an early indication in Msg1 and/or Msg3, and MsgA if supported, including the ability for the early indication to be configurable by the network. [RAN2, RAN1]

· Specify a system information indication to indicate whether a RedCap UE can camp on the cell/frequency or not; it shall be possible for the indication to be specific to the number of Rx branches of the UE. [RAN2, RAN1] 

In this contribution, we discuss the definition of RedCap UE type(s), functionality of identification of reduced capability UEs and access control of the reduced capability UEs by network.

2 Access control for reduced capability NR devices

In legacy NR, besides access control information carried in SIB, there also has one bit ‘cellBarred’ field carried in MIB for access control.
MIB ::=                                             SEQUENCE {

    systemFrameNumber                   BIT STRING (SIZE (6)),

    subCarrierSpacingCommon         ENUMERATED {scs15or60, scs30or120},

    ssb-SubcarrierOffset                     INTEGER (0..15),

    dmrs-TypeA-Position                   ENUMERATED {pos2, pos3},

    pdcch-ConfigSIB1                        PDCCH-ConfigSIB1,

    cellBarred                                      ENUMERATED {barred, notBarred},

    intraFreqReselection                     ENUMERATED {allowed, notAllowed},

    spare                                              BIT STRING (SIZE (1))

}

Access control indication in SIB will take much longer time for RedCap UEs to identify the accessible cells. Similar to legacy NE UEs, besides access control information carried in SIB, earlier indication of access control for RedCap UEs is beneficial for power saving of RedCap UEs.

Observation 1: In legacy NR, besides access control information carried in SIB, earlier indication of access control is supported.
Regarding the objection of “Specify a system information indication to indicate whether a RedCap UE can camp on the cell/frequency or not; it shall be possible for the indication to be specific to the number of Rx branches of the UE.”, if explicit indication is considered, besides UAC carried in SIB, access control information can be carried in MIB. However, only one spare bit is reserved in MIB payload. This bit should be reserved for future release for forward compatibility. 
Observation 2: Considering that only one spare bit is reserved in MIB payload, it is not feasible to carry access control information for RedCap UEs in MIB.
DCI format 1_0 with CRC scrambled by SI-RNTI in Type0 PDCCH has 15 bits reserved as specified in [3]. Considering that legacy NR devices and reduced capability NR devices may share CORESET 0 and DCI during initial access procedure, certain reserved bit or bits in DCI scheduling SIB1 can be used as an access control signaling, Normal NR devices will ignore the access control indication in DCI dedicated for reduced capability NR devices. If the access control signaling for reduced capability NR devices is carried in DCI scheduling SIB1 instead of SIB1, the reduced capability UE can stop the system information acquisition procedure once the reduced capability UE successfully decodes the DCI with restricted access signaling. In this case, unnecessary SIB1 decoding can be avoided for the reduced capability NR devices. It is beneficial for UE’s power saving. So, it is preferred to carry the access control signaling for reduced capability NR devices in DCI scheduling SIB1.
Observation 3: For reduced capability NR devices, an access control indication carried in DCI scheduling SIB1 is beneficial for UE’s power saving.

Proposal 1: For reduced capability NR devices, an access control indication is carried in DCI scheduling SIB1.

3 Early identification of RedCap UEs

Whether to support early identification of RedCap UEs is related to the following aspects:

· The necessity of early identification of number of Rx branches for RedCap UEs
· Dedicated initial UL BWP for RedCap UEs

· Coverage recovery requirement for RedCap UEs
If the initial access related parameters configured for legacy non-RedCap UEs, such as initial DL/UL BWP, are applicable for RedCap UEs, RedCap UEs and non-RedCap UEs can share the same initial DL/UL BWP. In this case, whether to support early indication in Msg1 or Msg3 depends on the coverage recovery requirement of RedCap UEs and the necessity of early identification of number of Rx branches. If early identification of number of Rx branches and coverage recovery are not necessary for RedCap UEs during initial access, there is no need to support early identification in Msg1 or Msg3. But if the initial access related parameters configured for legacy non-RedCap UEs are not applicable for RedCap UEs, identification of the RedCap UE during initial access may be needed. For example, if the initial UL BWP configured for legacy non-RedCap UEs is wider than the RedCap maximum UE bandwidth, early identification of RedCap UEs by Msg1 is necessary at least for identifying UE bandwidth capability for Msg3 transmission. In this case, parameters dedicated for RedCap UEs should be applied. In addition, if coverage recovery is required for RedCap UEs during initial access, coverage enhancement solutions such as Msg3 repetitions also need to be considered. Identification of RedCap UE type(s) during transmission of Msg1 could be feasible from the perspective of RAN1 by separation of PRACH resources/PRACH preambles between RedCap and non-RedCap UEs or separation of initial UL BWP for RedCap and non-RedCap UEs.

Proposal 2: Early identification of RedCap UE type in Msg1 is necessary when dedicated initial access related parameters, coverage enhancement during initial access and/or early identification of number of Rx branches for RedCap UEs are required for RedCap UEs.

· If RedCap UEs and non-RedCap UEs share the same initial UL BWP, early identification of RedCap UEs in Msg1 can be realized by configuring dedicated RACH resources.

· If the initial UL BWP configured for non-RedCap UEs is wider than the RedCap maximum UE bandwidth, early identification of RedCap UEs in Msg1 can be realized by configuring dedicated initial UL BWP and corresponding dedicated RACH resources.

4 Definition of RedCap UE type

Definition of RedCap UE type including capabilities for RedCap UE identification. Considering that existing UE capability framework is used and capability signalling would be discussed in RAN2, RAN1 should wait the progress in RAN2. In addition, early identification of RedCap UEs has impact on definition of RedCap UE type. Therefore, discussion of definition of RedCap UE type in RAN1 should wait until after progress is made in RAN2 and RAN1 has decision on early identification. 
Proposal 3: Discussion of definition of RedCap UE type in RAN1 should wait until after progress is made in RAN2 and RAN1 has decision on early identification.
5 Conclusions

In this contribution, we have discussed the definition of RedCap UE type, identification and access control methods for RedCap UEs. We make the following observations and proposals:
Observation 1: In legacy NR, besides access control information carried in SIB, earlier indication of access control is supported.
Observation 2: Considering that only one spare bit is reserved in MIB payload, it is not feasible to carry access control information for RedCap UEs in MIB.
Observation 3: For reduced capability NR devices, an access control indication carried in DCI scheduling SIB1 is beneficial for UE’s power saving.

Proposal 1: For reduced capability NR devices, an access control indication is carried in DCI scheduling SIB1.

Proposal 2: Early identification of RedCap UE type in Msg1 is necessary when dedicated initial access related parameters, coverage enhancement during initial access and/or early identification of number of Rx branches for RedCap UEs are required for RedCap UEs.

· If RedCap UEs and non-RedCap UEs share the same initial UL BWP, early identification of RedCap UEs in Msg1 can be realized by configuring dedicated RACH resources.

· If the initial UL BWP configured for non-RedCap UEs is wider than the RedCap maximum UE bandwidth, early identification of RedCap UEs in Msg1 can be realized by configuring dedicated initial UL BWP and corresponding dedicated RACH resources.

Proposal 3: Discussion of definition of RedCap UE type in RAN1 should wait until after progress is made in RAN2 and RAN1 has decision on early identification. 
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