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Introduction
This paper discusses two topics:
· Aspects of capability signaling for RedCap UEs;
· Constrained use of RedCap UEs.
Discussion
Definition and capability signaling
In RAN2#112-e, it was agreed that
	· RedCap UE capabilities can be categorized as:
· Min capabilities all RedCap UEs support (i.e. mandatory for RedCap UE) if identified; 
· FFS on whether some features are mandatory with signaling for RedCap UE, i.e. IOT bit;
· (Note: RedCap UEs might have the same set of higher layer capabilities, however this is FFS in RAN2)  
· Optional capabilities (signalled explicitly)



However, how to signal optional capabilities is still FFS, with two alternatives captured in the TR [2]:
	· Following capability design principle is considered for RedCap UE, but details should be discussed in WI
· 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 UE that are not supported for RedCap UE;
· Mandatory features for non-RedCap UE that are optional for RedCap UE;
· Mandatory features for non-RedCap UE that are supported for RedCap UE but with different value;
· Optional features for non-RedCap UE that are not supported for RedCap UE;
· Optional features for non-RedCap UE that are mandatorily supported for RedCap UE.
· 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 signaling fields in an independent container defined specifically for Redcap UE). 


Between these two alternatives, we notice that Alternative #2 follows the same design principle for defining and signaling UE capabilities that has been used for NR since R15. We do not see RedCap UEs have any new or special use cases that require a different approach. Therefore, we believe Alternative #2 should be adopted. However, there is one aspect that we think does need to be handled differently. It is the features that are supported by non-RedCap UEs but not supported by RedCap UEs at all. For non-RedCap UEs, if something is not described in specifications, then it is not supported. However, this rule is not applicable to RedCap UEs, because it is possible that a feature is supported by non-RedCap UEs (e.g. CA and DC) but not supported by RedCap UEs at all. Therefore, those types of features need to be captured in specifications too, together with the features that all RedCap UEs support (per agreement cited above). All other features, i.e. those belong to neither category specified above, should be considered optional for RedCap UEs. 
Proposal 1.  	Define in specifications the set of mandatory features that all RedCap UEs shall support, as well as the set of features not supported by RedCap UEs at all. All other UE features are considered optional for RedCap UEs.
Then the optional UE capabilities, as captured in Alternative #2, are signaled in a new, independent container defined specifically for Redcap UEs. 
Proposal 2.  	RedCap UEs explicitly signal optional UE capabilities that they support in a new, independent container defined specifically for RedCap UEs. 
But we think there are two categories of optional UE capabilities that require further clarification/discussion:
· UE capabilities that are optional for both RedCap and non-RedCap UEs but RedCap UEs have a different range of values. For those UE capabilities, we think RedCap UEs should signal them in this new, independent container, instead of extending the range of values of the legacy UE capability, because they may make it easier for some RedCap UEs to prevent they are non-RedCap UEs.
· UE capabilities that are optional for both RedCap and non-RedCap UEs and have the same range of values for both RedCap and non-RedCap UEs. For those UE capabilities, we do not see any advantage for RedCap UEs to signal them separately in the RedCap-specific container. The legacy ones can be reused by RedCap UEs.
Proposal 3.  	If there are UE capabilities for which both RedCap and non-RedCap UEs support but have different range of values, they should be included in this RedCap-specific container.
Proposal 4.	If there are UE capabilities that RedCap and non-RedCap UEs both support and have the same range of values, RedCap UEs signal them as legacy capability and do not include them in the RedCap-specific container.
Constrain the use of RedCap 
The RedCap TR [2] captures the following four options for constraining the use of RedCap UEs:
· Option 1: RRC Reject based approach, i.e. RAN can reject an RRC connection establishment attempt if the service the UE requests is not allowed for RedCap UEs.
· Option 2: Subscription validation (Note: SA2, CT1 confirmation is needed), i.e. RedCap UE identifies itself during its RRC connection establishment procedure; RAN then informs core network, which then decides whether to accept or reject UE’s registration/connection request.
· Option 3: Verification of RedCap UE, i.e. 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.
Among these four options, we think that Option 1 would not work because RAN itself does not have RedCap’s subscription information and thus can’t know whether a service is allowed by UE. If RAN checks that information with CN, enhancement is needed to enable that request from RAN to CN. And in the study of RAN1, it seems that CN’s decision left up to network implementation. 
We do not think completely leaving it to network implementation would be possible, because as explained in the study of Option 2 and 3 [3], enhancements are need to enable new signaling between RAN and CN. For example, in a network implementation it is necessary for CN to perform a capability match between UE’s reported radio capability and the set of radio capabilities used in defining UE’s RedCap type. To do that, CN has to signal RAN that the UE is a RedCap UE and request a capability match. Such a procedure is already specified in the current SA specifications, but it needs to be extended to include the new RedCap indication in the signaling. 
We think only Option 2 and 3 can ensure constrained use of RedCap UEs in a reliable way. Since enhancements to enable them involve CN and is out of the scope of RAN2, they should be discussed by SA2 and CT1 instead. We therefore propose that RAN2 should send a LS to them to trigger their discussion. 
[bookmark: _Hlk71495970]Observation 5. All 4 options identified in the TR to ensure constrained use of RedCap UEs involve enhancements to core network. 
Proposal 5. 	Send a LS to SA2/CT1 to request an evaluation of the 4 options and study necessary enhancements to ensure constrained use of RedCap UEs.  
Conclusion
Based on the above analysis, we’d recommend RAN2 to discuss and adopt the following proposals:
Definition and capability signaling:
Proposal 1.  	Define in specifications the set of mandatory features that all RedCap UEs shall support, as well as the set of features not supported by RedCap UEs at all. All other UE features are considered optional for RedCap UEs.
Proposal 2.  	RedCap UEs explicitly signal optional UE capabilities that they support in a new, independent container defined specifically for RedCap UEs.
Proposal 3.  	If there are UE capabilities for which both RedCap and non-RedCap UEs support but have different range of values, they should be included in this RedCap-specific container.
Proposal 4.	If there are UE capabilities that RedCap and non-RedCap UEs both support and have the same range of values, RedCap UEs signal them as legacy capability and do not include them in the RedCap-specific container.
Constrain the use of RedCap UEs:
Observation 1. 	All 4 options identified in the TR to ensure constrained use of RedCap UEs involve enhancements to core network. 
Proposal 5. 	Send a LS to SA2/CT1 to request an evaluation of the 4 options and study necessary enhancements to ensure constrained use of RedCap UEs.  
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