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1 Introduction
New Rel-17 RedCap WID [1] was approved in RAN #90 e-meeting. One of the objectives of the RedCap WI is to:

· Specify higher layer support of enhancements listed above [RAN2, RAN1]. Details are to be refined at RAN#91e taking the outcome of the RedCap SI into account, and work on this objective shall start after RAN#91e:

· Specify definition of RedCap UE type(s) including set(s) of L1 capabilities for RedCap UE identification and for constraining the use of those RedCap L1 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.

· Specify functionality that will enable RedCap UEs to be explicitly identifiable to networks and allow operators to restrict their access if desired.

· Specify necessary updates of UE capabilities (38.306) and RRC parameters (38.331).

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 Definition for RedCap UE type(s)
As captured in [2], explicit definition of RedCap UE type(s) is needed at least for RedCap UE identification. If early identification during initial access is supported, at least maximum supported UE bandwidth during initial access (20 MHz for FR1 and 100 MHz for FR2) is included in the set of L1 capabilities of the device type for RedCap early identification. 
The definition of RedCap UE type is necessary for initial access procedure and includes the reduced capabilities that the network needs to know during initial access. During initial access, if RedCap UE is identified by the gNB, the RedCap maximum UE bandwidth is assumed to 20 MHz for FR1 and 100 MHz for FR2. Considering that RedCap UEs with reduced number of Rx branches may impact the performance for legacy UEs if some broadcast channels are used for both legacy UEs and RedCap UEs, minimum number of Rx branches should be assumed for the RedCap UEs during initial access. For initial access, supporting HD-FDD Type A operation does not have impact on the RACH procedure due to its faster UL-to-DL switching capability. Therefore, there is no need to identify duplex mode during initial access.
Implicit signalling can be used to tell the RedCap UE type by separated PRACH resources configured for the RedCap UEs. The intention is to tell the gNB the UE is a RedCap UE so that dedicated configuration can be applied to the RedCap UEs. By definition of the RedCap UE, a baseline capability of UE bandwidth and number of antennas can be assumed for this type of UEs during initial access. There is no need to explicitly report the RedCap UE type. 

Besides maximum supported UE bandwidth and number of UE antennas, capability of coverage enhancement for the RedCap UEs may also need to be considered during initial access. For RedCap UEs, if  Rel-17 coverage enhancement is an optioanl UE feature, there is a need to determine whether to distinguish the coverage enhancement capability during initial access. If coverage enhancement capability is regarded as a component to be included in the definition of the RedCap UEs, at least two RedCap UE types should be considered: ‘RedCap non-CE’ UE and ‘RedCap plus CE’ UE.

Observation 1: Whether the RedCap UE needs to support Rel-17 coverage enhancement feature has impact on the definition of the RedCap UE type.

Proposal 1: The definition of RedCap UE type includes the reduced capabilities that the network needs to know during initial access.
3 Access control for reduced capability NR devices

Regarding access control, RAN2 had agreement in RAN2 #111e meeting: 
· An indication in system information is needed to indicate whether a REDCAP UE can camp on the cell.
In RAN1, we discussed the potential alternatives during RAN1 #102e meeting and agreed the following conclusion in RAN1 #103e meeting: 
· For access control for RedCap UEs, detailed signaling options associated with system information are postponed to the WI phase.
As agreed in RAN2, an indication in system information is needed to indicate whether a REDCAP UE can camp on the cell. If explicit indication is considered, one-bit indication can be carried in MIB or SIB. However, only one spare bit is reserved in MIB payload. This bit should be reserved for future release for forward compatibility. SIB1 can carry the access control signaling for reduced capability NR devices, but indication in SIB1 will take much longer time for reduced capability NR devices to identify the accessible cells. 
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 2: For reduced capability NR devices, an access control indication carried in DCI scheduling SIB1 is beneficial for UE’s power saving.

Proposal 2: For reduced capability NR devices, an access control indication is carried in DCI scheduling SIB1.

4 Identification of the reduced capability NR devices

RAN1 studied feasibility, necessity, pros and cons from RAN1 perspective for the following schemes for identification of RedCap UEs:

-
Option 1: During Msg1 transmission, e.g., via separate initial UL BWP, separate PRACH resource, or PRACH preamble partitioning

-
Option 2: During Msg3 transmission

-
Option 3: Post Msg4 acknowledgment, e.g., during Msg5 transmission or part of UE capability reporting

-
Option 4: During MsgA transmission (subject to support of 2-step RACH procedure)
The feasibility, necessity, pros and cons of Option 1, Option 2, and Option 3 have been captured in [2]. If coverage recovery is not necessary for the RedCap UEs during initial access and the initial access related parameters configured for legacy NR UEs, such as initial DL/UL BWP, are applicable for the RedCap UEs, there is no need to identify the RedCap UE during initial access. But if the initial access related parameters configured for legacy NR UEs are not applicable for the RedCap UEs, identification of the RedCap UE during initial access may be needed. For example, if the initial UL BWP configured for legacy NR UEs is larger than the maximum UE bandwidth of the RedCap UEs, Option 1 is necessary at least for identifying UE max bandwidth capability for Msg3. In this case, parameters dedicated for the RedCap UEs should be applied. In addition, if coverage recovery is required for the 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.
Observation 3: The necessity of identification of RedCap UE type during initial access depends on whether to apply parameters/solutions dedicated for the RedCap UEs during initial access.
Proposal 3: RedCap UE type should be identified during initial access procedure.
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: Whether the RedCap UE needs to support Rel-17 coverage enhancement feature has impact on the definition of the RedCap UE type.
Observation 2: For reduced capability NR devices, an access control indication carried in DCI scheduling SIB1 is beneficial for UE’s power saving.
Observation 3: The necessity of identification of RedCap UE type during initial access depends on whether to apply parameters/solutions dedicated for the RedCap UEs during initial access.

Proposal 1: The definition of RedCap UE type includes the reduced capabilities that the network needs to know during initial access.
Proposal 2: For reduced capability NR devices, an access control indication is carried in DCI scheduling SIB1.
Proposal 3: RedCap UE type should be identified during initial access procedure.
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