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1 Introduction

This contribution discuss the following objective, as captured in the WID [1] 
· 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.

 The discussions are in section 2, based on which the proposals are summarized in section 3.
2 Discussion
2.1 RedCap capabilities and type 
According to the WID, only one Redcap type is defined in Rel-17. And, based on SI discussions, the type is defined in its relation to the Redcap capabilities. More specifically the following were outlined during the SI

	…
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




We believe Option 2 is the way to progress based on the following two reasons
· In the WID a guidance has been drawn that we should use the existing UE capability framework, for which ‎changes to capability signalling are specified ‎only if necessary, and
· as discussed in our accompany contribution [2], it shall be supported Redcap UEs are identified by network during Msg1 or MsgA, as it benefits in coverage recovery, including link adaptation, ‎for Msg2/MsgB and later messages‎.
Although one could foresee that the main capabilities that network needs to know during initial access involve antenna number and supported bandwidth, we think the exact set of capabilities known by the Redcap type is up to RAN1. 
Proposal 1 
Redcap type is defined by the reduced capabilities that the network needs to know during initial access, i.e., these capabilities are defined in the specification and known by the network once the Redcap type of a UE is known by the network. Exact which capacities are up to RAN1. 

Then in the following we continue with detailed discussions on the UE capability definition. The following were listed during the SI
	Alternative 1:

-     The UE capability requirements for a RedCap device type, that are different from those for non-RedCap UEs, are listed in the specifications. That is:

-     Mandatory features for non-RedCap UEs that are not applicable for RedCap UEs.

-     Mandatory features for non-RedCap UEs that are optional for RedCap UEs.

-     Mandatory features for non-RedCap UEs that are supported for RedCap UEs but with different value.

-     Optional features for non-RedCap UE that are not applicable for RedCap UE.

-     Optional features for non-RedCap UE that are mandatorily supported for RedCap UE.

      For a RedCap device type, define new signalling fields in UE capability signalling for the features that are mandatory without capability signalling for non-RedCap UEs but are optional for Redcap UEs, or mandatory with capability signalling for non-RedCap UEs but with different value for RedCap UEs. Such new signalling is only applicable for RedCap UEs.

Alternative 2:

-     Directly define the UE capabilities required for RedCap devices, including:

-     Mandatory features for RedCap UEs (defined in specification).

-     Optional features for Redcap UEs (introduce signalling fields in an independent container defined specifically for Redcap UE).


In our understanding Alt. 1 and 2 are themselves not completely orthogonal to each other. And they both align with the guidance in the WID in some sense. So the next step seems to first confirm the following. 
Proposal 2 
Based on the general guidance in the WID, the following is confirmed for Redcap capabilities definition and report 

· the UE capability transfer procedure as specified in TS 38.331 section 5.6.1 is reused, 

· the structure of UECapabilityInformation, UE-CapabilityRAT-ContainerList, and encoding for capabilities for the supported RAT are reused

· UE-NR-Capabilityis extended (using non-critical extension) to include optional capabilities for Redcap UEs.
Then there may be some other capabilities that need to be made clear in the specification as well. 
Proposal 3
New signaling or clarifications are introduced for the following cases on a case by case basis 

· ‎Mandatory features for non-RedCap UEs that are not applicable for RedCap UEs.‎

· ‎Mandatory features  (with  or without signalling) for non-RedCap UEs that are optional for RedCap UEs.‎

· ‎Mandatory features f(with  or without signalling) or non-RedCap UEs that are supported for RedCap UEs but with different ‎value.‎

· ‎Optional features for non-RedCap UE that are not applicable for RedCap UE.‎

· ‎Optional features for non-RedCap UE that are mandatorily supported for RedCap UE.‎

Further details can be discussed in a later stage, also based on more information from other WGs.
2.2 Constraint of utilization of /for Redcap UE capabilities
From the corresponding objective in the WID, there following have been captured during the SI

	…
-
Option 1: RRC Reject based approach

When the network knows the UE is a RedCap UE and the type of the service requested, RAN can reject an RRC connection establishment attempt if the service the UE requests is not allowed for RedCap UEs. The service type can be known, e.g., based on the establishment cause provided in Msg3, through higher layer mechanisms or other ways.

-
Option 2: Subscription validation (Note: SA2, CT1 confirmation is needed)

During the RRC connection setup, the UE indicates that it is a RedCap UE to the core network, e.g. 

-
UE includes this indication in NAS signalling message to core network; or


-
UE informs this indication during its RRC connection establishment procedure to RAN; RAN then informs core network of the UE's RedCap type in the Initial UE Context message to core network.

The network validates UE's indication against its subscription plan, which includes information such as the set of services allowed for the UE. Network then decides whether to accept or reject UE's registration request. For example, network may reject UE if UE indicates RedCap, but its subscription does not include any RedCap-specific services.

-
Option 3: Verification of RedCap UE

Network performs capability match between UE's reported radio capabilities and the set of capability criteria associated with UE's RedCap type. 

-
Option 4: Left up to network implementation to ensure RedCap UE uses intended services and/or resources.


We first argue that standardization and implementation complexity are also important aspects to take into account. This means if the corresponding objectives can already be supported with some mechanism(s) that are implementation based and thus requires no standardization or testing effort, there is less motivation to do more. 
We believe the combination of Option 1 and 4 are sufficient to handle this objective in Rel-17.
· Firstly, once network obtains the UE capabilities report, it can base on its implementation ensure that features such as CA, DA, more MIMO layer, or higher bandwidth are not used for Redcap UEs. 
· Then, with the previous discussions, it shall be possible for network to know the UE type during initial access, and reject the UE’s connection establishment attempt ‎based on its decision. 
· Last but not least, mechanism such as UAC and cell barring are available, which are all tools for the network to prevent the Redcap UEs to be served if needed. 

Proposal 4 
The following mechanisms (and their combinations) are sufficient to meet the objective on constraint of utilization of /for Redcap UE capabilities
· RRC Reject based approach
· Left up to network implementation to ensure RedCap UE uses intended services and/or resources.
FFS on other possible mechanism. 
3 Conclusion
In this contribution, we discuss Redcap UE capabilities and type, based on which we have the following proposals.  
Proposal 1 
Redcap type is defined by the reduced capabilities that the network needs to know during initial access, i.e., these capabilities are defined in the specification and known by the network once the Redcap type of a UE is known by the network. Exact which capacities are up to RAN1. 

Proposal 2 
Based on the general guidance in the WID, the following is confirmed for Redcap capabilities definition and report 

· the UE capability transfer procedure as specified in TS 38.331 section 5.6.1 is reused, 

· the structure of UECapabilityInformation, UE-CapabilityRAT-ContainerList, and encoding for capabilities for the supported RAT are reused

· UE-NR-Capabilityis extended (using non-critical extension) to include optional capabilities for Redcap UEs.
Proposal 3
New signaling or clarifications are introduced for the following cases on a case by case basis 

· ‎Mandatory features for non-RedCap UEs that are not applicable for RedCap UEs.‎

· ‎Mandatory features  (with  or without signalling) for non-RedCap UEs that are optional for RedCap UEs.‎

· ‎Mandatory features f(with  or without signalling) or non-RedCap UEs that are supported for RedCap UEs but with different ‎value.‎

· ‎Optional features for non-RedCap UE that are not applicable for RedCap UE.‎

· ‎Optional features for non-RedCap UE that are mandatorily supported for RedCap UE.‎

Proposal 4 
The following mechanisms (and their combinations) are sufficient to meet the objective on constraint of utilization of /for Redcap UE capabilities
· RRC Reject based approach
· Left up to network implementation to ensure RedCap UE uses intended services and/or resources.
FFS on other possible mechanism. 
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