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Introduction
In RP#91e a new WI was approved on reduced capability devices. The following objectives have been identified in the work item description [1]:
· Specify functionality that will enable RedCap UEs to be explicitly identifiable to networks through an early indication in Msg1 and/or Msg3, and Msg A if supported, including the ability for the early indication to be configurable by the network. [RAN2, RAN1]
· [bookmark: _Hlk67648184][bookmark: _Hlk68014451][bookmark: _Hlk67650013]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] 
This contribution discusses possible methods of early identification and cell barring for reduced capability UEs.
Discussion
Identification of RedCap UE
UE capabilities are known to gNB after RRC connection is established. However, if the gNB identifies the RedCap UE earlier, it could potentially restrict access, reject service, enable coverage recovery, and/or limit the use of resources in the cell to avoid system performance degradation due to inefficient resource usage to serve low capability UEs.
The following options have been captured in TR 38.875 [2]:
· 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: 
· e.g., via separate initial UL BWP, or in MsgA preamble part via separate PRACH resource or PRACH preamble partitioning, or in MsgA PUSCH part
If a RedCap UE is not supported for a given cell/frequency, ideally it would be prevented from accessing cell prior to connection establishment. By identifying UE as “RedCap” post msg4, for example via UE capability signalling as described in Option 3, the UE has already completed RRC Connection establishment. Though the solution would still work and could serve as default identification method should early identification not be supported/configured, it is inefficient from a signalling exchange perspective as compared to other options, where the network may simply provide an RRC Reject message. 
Although Option 2 does not encounter such issues,  depending on preamble group selection, UL grant provided in msg3 may be subjected to TB size restrictions given by ra-Msg3SizeGroupA in RACH-ConfigCommon. In this case using remaining space in msg3 to identify UE as RedCap may not be the most efficient use of resources.
Among the options, using Msg1/A seems to provide the most benefits as it can additionally address the PRACH collision issue. For example, if there is a massive number of RedCap UEs in a cell, the contention based PRACH performance will be impacted significantly if there are no separate PRACH resources for RedCap UEs. The RedCap UE may be delay tolerant as compared with other types of device (e.g., URLLC/IIoT). In this case, a small portion of PRACH resources could be configured for the RedCap UEs and the rest of PRACH resources could be used for other types of devices which require a lower latency. Therefore, sharing PRACH resource between RedCap UE and other device types is not desirable.
Observation 1:	Using Msg1/A for RedCap UE identification could avoid unnecessary PRACH collision increase for the other type of devices.
Observation 2:	With a limited number of PRACH resource configured for the RedCap UEs, the access could be restricted naturally.
Proposal 1:	Early identification of RedCap UE is provided during Msg1/MsgA by transmission on dedicated RedCap resources.
The configuration of the separate PRACH resources for the RedCap UEs could be supported optionally by the network. For example, the gNB could decide whether dedicated PRACH resources are used based on the cell loading, the estimated number of RedCap UEs in the cell, and so on.
Proposal 2:	Ability for early indication is controlled by whether network configures dedicated Msg1/MsgA resources for RedCap UEs.
In the case that there is no dedicated PRACH resource configured for RedCap UEs, the RedCap UEs may use the PRACH resources configured for other types of devices as well. In this case, the gNB could identify the RedCap UEs from the UE capability signaling. Therefore, Option-3 can be used when Option-1/4 is not used by the gNB.
Proposal 3:	If dedicated Msg1/MsgA resources for RedCap UEs are not configured, UE is identified as RedCap during UE capability reporting.
Camping restrictions
The reduced capability WID describes a diverse set of use cases, including industrial wireless sensors, video surveillance, and wearables. Given the ubiquitous nature of these devices it can be assumed that a cell may support both reduced capability and standard UEs simultaneously. However, there may be certain situations where the network would want to restrict access to reduced capability UEs, for example, under heavy cell load or to prioritize URLLC IIoT devices over a RedCap industrial sensor. Therefore, the ability to efficiently bar reduced capability UEs from a cell or frequency is an important tool for load control.
Previous discussion has focused on two different methods to indicate whether a RedCap UE may access a cell and/or frequency:
· Option 1: explicit indication
· Option 2: implicit, e.g. via presence of RedCap specific configuration
However as mentioned in proposal 2, the network may use Redcap specific configuration to toggle ability for early identification of RedCap UE. For example, cell may support reduced capability UEs, but due to e.g. cell load RedCap specific resources are not present. In this case, an explicit indication in SI would be a simple method and would not restrict the network to always have dedicated resources configured for reduced capability UEs.
Proposal 4:	Whether a RedCap UE can camp on a cell/frequency is explicitly indicated.
It was further stated in WID that:
…it shall be possible for the indication to be specific to the number of Rx branches of the UE.
Indicating the specific number of RX branches of the UE may allow further differentiation between simply allowing reduced capability devices or not. For example, a gNb may support RedCap UEs, but not the coverage recovery mechanisms necessary for 1 RX UEs. Considering MIB only has one spare bit, the ability to further differentiate between e.g. 1 and 2 RX RedCap UEs may not be possible.
Proposal 5:	Explicit indication whether a RedCap UE can camp on the cell/frequency or not is not provided in MIB. 
Conclusion
In this contribution the following proposals were made concerning identification and restriction of RedCap UE during initial access:
Proposal 1:	Early identification of RedCap UE is provided during Msg1/MsgA by transmission on dedicated RedCap resources.
Proposal 2:	Ability for early indication is controlled by whether network configures dedicated Msg1/MsgA resources for RedCap UEs.
Proposal 3:	If dedicated Msg1/MsgA resources for RedCap UEs are not configured, UE is identified as RedCap during UE capability reporting.
Proposal 4:	Whether a RedCap UE can camp on a cell/frequency is explicitly indicated.
Proposal 5:	Explicit indication whether a RedCap UE can camp on the cell/frequency or not is not provided in MIB. 
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