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1. Introduction
The following complexity reduction features are set as objectives for the RedCap WID work item (WI) in [1]:
· Reduced bandwidth in FR1 is 20MHz and 100MHz in FR2 
· Reduced Rx Antennas (e.g.  from 2 down to 1 or from 4 down to 1) 
· Half duplex FDD (e.g. from full duplex FDD) 
· Reduced mandatory max DL modulation constellation order to 64QAM (down from 256QAM).
· Maximum number of DL MIMO layers will match the number of antennas, 1 or 2.
The WID objectives also includes specifying of higher layer support for the above features. This includes:

· Specify definition of one RedCap UE type
· 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
· Specify access control mechanisms to allow operators to control RedCap UEs’ access to cells if desired.

· Specify necessary updates of UE capabilities and RRC parameters
This tdoc discusses the design consideration for higher layer support of RedCap devices for RedCap UE identification. 
2. RedCap UE Identification
During the study phase of RedCap, RAN1 concluded that explicit definitions of RedCap UE type(s) is needed, at least for UE identification [2]:
Agreements:

· At least for RedCap UE identification, explicit definition of RedCap UE type(s) is needed. Ppending conclusions on the reduced complexity features in AI8.6.1 and RedCap UE identification in AI8.6.5, the definition of the RedCap UE types can be based on one of: 

· Option 1: All the reduced capabilities recommended at the end of the RedCap study 

· Option 2: Only include the reduced capabilities that the network needs to know during initial access, if any 

· Option 3: All the recommended reduced capabilities as well as recommended power saving features 

· Option 4: The corresponding minimum set of the reduced capabilities that one RedCap UE type shall mandatorily support 

· FFS for other usages 

Agreements:
·        If early identification during initial access is supported, at least maximum supported UE BW during initial access is included in the set of L1 capabilities of the device type for RedCap early identification 
§  Note: 20 MHz for FR1 and 100 MHz for FR2  

§  Identification of UEs optionally supporting bandwidths larger than 20 MHz in FR1 or larger than 100 MHz in FR2 after initial access, if supported, is not supported by early identification during initial access 
§  FFS other L1 capabilities 
§  Note: This does not preclude the case where the early indication only indicates whether it is a Redcap UE or which type of the Redcap UEs if multiple UE types are defined
In section 11.1 of the RedCap Study TR [3], the feasibility, necessity, and UE identification method pros/cons are listed from the conclusion of the study phase. As part of the study conclusion it was determined that early indication of RedCap UE types during initial access before the UE Capability reporting in Msg5 would be necessary for some of the RedCap features to allow the gNB to efficiently handle RedCap and non-RedCap UEs. Without such indication, the gNB would need to treat all UEs the same and would not be able to efficiently use the spectral resources. 
Observation 1: Early indication of RedCap UE types and capabilities reporting is needed for some of the RedCap UE features in the WID.

In the last RAN meeting the RedCap WID was updated to include the requirement for early indication of RedCap UEs as part of the RAN2 lead items. It also includes the requirement for the early indication to be configurable by the network. This is a RAN2 lead item but RAN1 can take decisions to support the RAN requirements. From the RedCap WID[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]

· 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] 

Observation 2: Support for early indication of RedCap UE types and capabilities reporting is required by the WID.

For Msg1, the identification of RedCap UE would be done using PRACH preamble partitioning or separate PRACH resources. Using Msg1 would allow the gNB to differentiate the RedCap UEs at the earliest point in the initial access procedure, allowing gNB to optimizing for RedCap and non-RedCap from Msg2 onwards. For example, this would allow the gNB to perform coverage recovery due to reduced UE Rx antennas and it would allow the gNB to differentiate UE bandwidth resources allocation between RedCap and non-RedCap. However, using Msg1 comes at the consequence of heavier use and/or fragmentation of PRACH resources. There are a limited number of preambles, hence, dedicating some to RedCap (as well as other NR features such as 2-step) would reduce the capacity for PRACH for legacy UEs. 

If the RedCap UE identification is not done in Msg1 but done in Msg3 (or Msg5), the gNB would need to treat RedCap and non-RedCap the same until Msg3 (or Msg5). For some network deployments this may be more desirable to save on PRACH (and other) resources or simply because it is not needed. For other deployments identifying the RedCap UE and what it supports in Msg1 (or in Msg3) would be required. For example, for networks that operate in carrier bandwidths less than or at 20MHz may not find any need to be informed of the UE RedCap maximum bandwidth, whereas, networks with wider bandwidths would want to be informed in order to allocate appropriate resources as early as possible. Similarly, for reduced number of Rx antennas, some networks deployments may be able to tolerate the coverage loss without any need for recovery methods, whereas others cannot. Furthermore, if the specifications allowed for feature selective barring, for example barring based on UE supported Rx antennas, the gNB would not need to be informed of this UE capability either as no device with this capability would attempt to access the gNB. 
Considering the significance of the resources that are required, for both the message carrying the indication and the initial access spectral resource allocation, the network should be able to signal (for example in the SI) when and what UE capability is to be indicated early. This would provide the most flexibility and efficiency for the different deployments that are available in 5G networks. 
Observation 3: The need and type of Redcap indication (e.g. Msg1, Msg3, and/or Msg5) depends on the network deployment.
Proposal 1:   Support early indication in Msg1 and Msg3

· FFS: how the UE is signaled to use early indication or not. If early indication is to be used, then when to indicate: Msg1 and/or Msg3
There are three uses cases targeted for RedCap in the WID, with each potentially using different RedCap features or capabilities. If the RedCap UE is only able to indicate that it is a RedCap device or not, it would mean that all RedCap devices would be treated the same, i.e. a baseline set of capabilities, until the gNB receives the UE Capabilities in Msg5. Early indication of the number of RX antennas supported by the UE, for example, would allow the gNB to apply coverage recovery for 1RX RedCap devices. 
Proposal 2:   The early indication of RedCap UE shall include number of RX antennas
3. Conclusions
Observation 4: Early indication of RedCap UE types and capabilities reporting is needed for some of the RedCap UE features in the WID.

Observation 5: Support for early indication of RedCap UE types and capabilities reporting is required by the WID.
Observation 6: The need and type of Redcap indication (e.g. Msg1, Msg3, and/or Msg5) depends on the network deployment.

Proposal 3:   Support early indication in Msg1 and Msg3

· FFS: how the UE is signaled to use early indication or not. If early indication is to be used, then when to indicate: Msg1 and/or Msg3
Proposal 4:   The early indication of RedCap UE shall include number of RX antennas 
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