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1. Introduction
At the RAN#91, RAN2 completed the work on “Study Item on support of reduced capability NR devices”, and the WID was revised in [1] with following objectives:
· 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.
In this contribution, we discuss the issues on RedCap UE capability and constraining of reduced capabilities.
1. [bookmark: Proposal_Pattern_Length]Discussion
RedCap UE capability
At RAN2#112, the definition of RedCap UE capability was discussed based on [3] and [4], and RAN2 agreed to the following:
Agreements:
1. RedCap UE capabilities can be categorized as:
•	Min capabilities all RedCap UEs support (i.e. mandatory for RedCap UE) if identified; 
o	FFS on whether some features are mandatory with signaling for RedCap UE, i.e. IOT bit;
o	(Note: RedCap UEs might have the same set of higher layer capabilities, however this is FFS in RAN2)  
•	Optional capabilities (signaled explicitly)

2. Following scenarios are considered when design the capability signaling for RedCap UE, but FFS on the details, e.g. what each category of features may include and on the applicability of the cases:
For the features that are mandatory for non-Redcap UEs: 
Case1: The Redcap UE mandatorily supports the feature with the same value;
Case2: The Redcap UE mandatorily supports the feature, but with different value (e.g. bandwidth value);
Case3: The Redcap UE optionally supports the feature;
Case4: The Redcap UE does not support the feature at all.   
For the features that are optional for non-Redcap UEs: 
Case1: The Redcap UE does not support the feature at all.
Case2: The Redcap UE supports the feature with different value;
Case3: The Redcap UE supports the feature with the same value;
Case4: The Redcap UE mandatorily supports the feature
As captured in the WID[1], RAN1 already agreed some capabilities that are matched to above scenarios:
For the features that are mandatory for non-Redcap UEs:
Case 2 The Redcap UE mandatorily supports the feature, but with different value:
· Maximum bandwidth of FR1 reduced to 20Mhz (compared with 40Mhz);
· Minimum number of Rx branches:
· For frequency bands where a legacy NR UE is required to be equipped with a minimum of 2 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE is 1.
· For frequency bands where a legacy NR UE (other than 2-Rx vehicular UE) is required to be equipped with a minimum of 4 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE is 1.
· Maximum number of DL MIMO layers:
· For a RedCap UE with 1 Rx branch, 1 DL MIMO layer is supported.
For these features that are mandatory supported for RedCap UE but with different value, the RedCap UE does not need to indicate them as separate capabilities. The reason being that the network only needs to know whether the UE is RedCap UE or not. 
Proposal 1: RedCap specific mandatory features (i.e. maximum bandwidth of FR1, minimum number of Rx branches and maximum number of DL MIMO layers) are reflected by RedCap UE type, i.e. a separate capability is not introduced for them. Restricted value for RedCap UE shall be reflected in the description of RedCap device type in TS38.306.
Case3: The Redcap UE optionally supports the feature:
· Minimum number of Rx branches: The specification also supports 2 Rx branches for a RedCap UE in these bands.
· Maximum number of DL MIMO layers:
· For a RedCap UE with 2 Rx branches, 2 DL MIMO layers are supported.
· Relaxed maximum modulation order:
· Support of 256QAM in DL is optional (instead of mandatory) for an FR1 RedCap UE.
For these mandatory features for non-RedCap UE that are defined as optional for RedCap UE, separate capabilities are needed. However, the network also needs to know whether the UE is RedCap UE or not in order to avoid wrong UE implementation, e.g. non-RedCap UE indicates the support of this RedCap specific optional feature although it is mandatory for non-RedCap UE. 
Proposal 2: For RedCap specific optional features (i.e. minimum number of Rx branches, maximum number of DL MIMO layers and relaxed maximum modulation order),  separate capabilities shall be introduced. Only RedCap UE can indicate the support of these capabilities. 

For the features that are optional for non-Redcap UEs: 
Case1: The Redcap UE does not support the feature at all:
· Carrier aggregation, dual connectivity and wider bandwidths;
For these optional features for non-RedCap UE that are not supported for RedCap UE, the RedCap UE shall not indicate them via capabilies. However the network also needs to know whether the UE is RedCap UE or not in order to avoid wrong UE implementation. 
Proposal 3: For optional features for non-RedCap UE that are not allowed  for RedCap UE, the RedCap UE cannot indicate the support of these capabilities. This should reflected in the  description for corresponding capabilities in TS38.306.
As discussed in [3], [4]:

1.  Regarding how can the network know whether the UE is RedCap UE or not in order to handle UE capabilities properly, following options are considered and to be captured in the TR, the further analysis/down selection should be done in WI phase (following options may not be mutually exclusive, and may not be an exhaustive list):
	Option 1: RedCap device type is indicated as part of the capability signaling
	Option 2: Define a new IE specifically for RedCap Ues containing these additional Redcap specific capabilities that is included only by Redcap UEs.
	Option 3: The network obtains the RedCap based on identification solution, e.g. during Msg1, Msg3, MsgA,etc, (pending RAN1 conclusion), and forwards it to target during Handover. 
	Option 4: NW identifies RedCap UE based on the reported capabilities. That is, assuming there are capabilities specific to RedCap UEs not used by non-RedCap UEs, it should be clear to NW the UE is Redcap without any additional type indication (if such is not needed e.g. during initial access). 
As we clarified in [3], Option 2 is anyway needed since it is cleaner to group RedCap specific capabilities together, from specification perspective; But the problem is that the RedCap UE may not support any optional features, i.e. nothing inside the RedCap capability IE, and then whether the UE still needs to contain the empty IE or not. If yes, then it is the same as option 1, but we have to specify that the RedCap UE must contain such high level IE.  
Option 3 is simpler for the identification of the RedCap UE during initial access procedure, but it does not work for handover case since the target cannot identify RedCap based on initial access procedure. Then the source network has to forward the RedCap UE indication to target during Handover if we do not support option 1. 
Option 1 is clean solution since the target can know the RedCap UE type based on capability instead of the additional field in internode message.
Therefore we propose:
Proposal 4: RedCap device type is indicated as part of the capability signaling;
Proposal 5: RedCap specific optional capabilities are grouped together by defining a new capability IE specifically for RedCap;

Constraining of reduced capabilities
As discussed in [3], [4], RAN2 discussed following options:
Regarding how to ensure the RedCap UE is only used for intended use cases, following potential solutions are considered in the SI phase (other solutions are not precluded), and to be captured in the TR (The formulation of the options should be discussed before capturing in the TR.). The decision which way to go will be made in WI phase and if needed based on consultation with other groups (e.g. SA2, CT1)
	-	Option 1: RRC Reject based approach
	One potential problem could be when a RedCap UE requests a service that does not match the RedCap UE type. This would be similar to if e.g. an NB-IoT UE requested a video call to be set up. RAN can already reject an RRC connection establishment attempt e.g. based on the establishment cause provided in Msg3 or through higher layer mechanisms.
	RAN can reject an RRC connection establishment attempt for a RedCap UE if the service the UE requested is not allowed for the RedCap UE. That is, the RAN needs to identify whether the UE is a RedCap UE or not, and be aware of the requested service, e.g. based on the cause value or other ways. 
	-	Option 2: subscription validation
	During RRC connection setup, UE indicates it is a RedCap UE to core network, e.g. 
	•	UE includes this indication in its NAS signaling message to core network; or
	•	UE informs this indication during its RRC connection establishment procedure to RAN; RAN then informs core network of UE’s RedCap type in its Initial UE Context message to core network.
[bookmark: _Hlk71385807]	After network receives UE’s RedCap indication, it validates UE’s indication against its subscription plan, which includes information such as the set of services allowed for the UE. Based on the outcome of this validation, network then decide 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.
	Note: SA2, CT1 confirmation is needed.
	-	Option 3. Verification of RedCap UE
	Network can additionally perform capability match procedure between UE’s reported radio capabilities and the set of capability criteria associated with UE’s RedCap type, to prevent a hacked or misconfigured UE from falsely reporting as a RedCap UE. 
	-	Option 4. Left up to network implementation 
As mentioned in the WID [1], it is clearly that RedCap UE shall not use capabilities not intended for RedCap UEs.
· 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]
To guarantee this, the RedCap UE shall not contain forbidden capabilities. To avoid wrong UE implementation, the network also need to do capability checking, i.e. whether RedCap UE indicates the capabilities not intended for RedCap UE. Therefore option 3 above is needed.
Proposal 6: To prevent RedCap UEs from using capabilities not intended for RedCap UE, RedCap UEs providing capabilities restricted for this kind of UEs (i.e. applicable only to non-RedCap UEs) may be blocked or rejected access by the network (i.e. network may perform capability match procedure between UE’s reported radio capabilities and RedCap UE type); 
In addition, we also need to avoid the RedCap UE using the service not intended for RedCap UE, e.g. by checking against subscription parameters and RedCap UE type. But this should be done by core network. 
Proposal 7: To prevent RedCap UEs from using services not intended for RedCap UE, RedCap UEs requesting services restricted for this kind of UEs (i.e. applicable only to non-RedCap UEs) may be blocked or rejected access by the core network (i.e. core network may perform subscription validation, i.e. validates UE’s indication against its subscription plan, which includes information such as the set of services allowed for the RedCap UE);
Considering the subscription validation is in SA2/CT1 scope, RAN2 should send LS to them. 
Proposal 8: Send LS to SA2, CT1 to inform them about subscription validation, and ask them to confirm;
1. Conclusion
Based on the discussion, we have following proposals:
Proposal 1: RedCap specific mandatory features (i.e. maximum bandwidth of FR1, minimum number of Rx branches and maximum number of DL MIMO layers) are reflected by RedCap UE type, i.e. a separate capability is not introduced for them. Restricted value for RedCap UE shall be reflected in the description of RedCap device type in TS38.306.
Proposal 2: For RedCap specific optional features (i.e. minimum number of Rx branches, maximum number of DL MIMO layers and relaxed maximum modulation order),  separate capabilities shall be introduced. Only RedCap UE can indicate the support of these capabilities. 
Proposal 3: For optional features for non-RedCap UE that are not allowed for RedCap UE, the RedCap RedCap UE cannot indicate the support of these capabilities. This should reflected in the  description for corresponding capabilities in TS38.306.
Proposal 4: RedCap device type is indicated as part of the capability signaling;
Proposal 5: RedCap specific optional capabilities are grouped together by defining a new capability IE specifically for RedCap;
Proposal 6: To prevent RedCap UEs from using capabilities not intended for RedCap UE, RedCap UEs providing capabilities restricted for this kind of UEs (i.e. applicable only to non-RedCap UEs) may be blocked or rejected access by the network (i.e. network may perform capability match procedure between UE’s reported radio capabilities and RedCap UE type);
Proposal 7: To prevent RedCap UEs from using services not intended for RedCap UE, RedCap UEs requesting services restricted for this kind of UEs (i.e. applicable only to non-RedCap UEs) may be blocked or rejected access by the core network (i.e. core network may perform subscription validation, i.e. validates UE’s indication against its subscription plan, which includes information such as the set of services allowed for the RedCap UE);
Proposal 8: Send LS to SA2, CT1 to inform them about subscription validation, and ask them to confirm;
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