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1. Introduction
In RAN#91e meeting, the WID for RedCap have been revised and approved in [1]. One of the objectives for revised WID on support of reduced capability NR devices is:
	· 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 will present our views on the type definition of Redcap UEs, and how to constrain the use of RedCap UEs.
2. Discussion
2.1. Reduced capability signaling definition
During the study item phase, the definition of reduced capabilities was discussed. The corresponding options are summarized in TR 38.875 [2]. It was agreed that “The existing UE capabilities framework is used as baseline to indicate the capabilities of a RedCap UE”, based on current UE capability framework defined in TS 38.306, there are two types of all supported features:
· Type 1: Mandatory without or with capability signaling 

· Type 2: Optional with capability signaling

It is noted that for mandatory features without capability signaling, currently they are not listed in the TS 38.306. For RedCap UE, once using the existing UE capabilities framework as the starting point, following cases listed in Table 1 for RedCap UE capability need to be considered.

Table 1. Potential capability classification for RedCap UEs

	Case 
	eMBB UEs
	RedCap UEs

	Case 1a
	Case 1: 
Mandatory with/ without capability signaling
	Mandatory without capability signaling with the same/different values with non-RedCap UEs

	Case 1b
	
	Mandatory with capability signaling with the same/different values/value ranges with non-RedCap UEs

	Case 1c
	
	Optionally supports the feature

	Case 1d
	
	Does not support the feature 

	Case 2a
	Case 2: 
Optional with capability signaling
	Optionally supports the feature

	Case 2b
	
	Does not support the feature at all

	Case 2c
	
	Mandatory with/without capability signalling?


Two alternatives on the UE capability definition are derived in TR. In our understanding, for the mandatory features supported by RedCap UEs, we also need to discuss:

· what feature(s) are mandatory without capability signaling, and what features are mandatory with capability signaling. It is assumed this part should be discussed and decided in RAN1 (considering the current reduced capability).

· For the mandatory features without capability signaling, whether the feature values are the same for all RedCap UEs and may have the same or different values with non-RedCap UEs. It is assumed this part should be discussed and decided in both RAN1/RAN2.

· For the mandatory features with capability signaling, the signaling can be served as IOT bit and/or the signaling carrying different values for mandatory features can be used to differentiate RedCap UE types. It is assumed this part should be discussed in RAN2 based on RAN1 progress on reduced capability.

In this way, we think it is better to list the following capabilities in the specification:

· Mandatory features for non-RedCap UEs that are not supported 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 UEs that are not supported for RedCap UEs;

· Optional features for non-RedCap UEs that are mandatorily supported for RedCap UEs.
Regarding the mandatory feature for non-RedCap UEs, we think both RAN1 and RAN2 need to determine one-by-one whether it is supported (mandatorily or optionally) or not by RedCap UEs. But we are not sure whether RAN1 have enough time to go through all the optional features for non-RedCap UEs (except the above capabilities) one by one. Maybe one possible way forward is that RedCap UEs optionally support all option features defined for non-RedCap UEs. During implementation, market requirement or industrial/local standard could provide some suggestions or restriction on the optional features for RedCap UEs. 

Proposal 1: The UE capability requirements for RedCap UEs, that are different from non-RedCap UEs, are listed in the specifications:
· Mandatory features for non-RedCap UEs that are not supported 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 UEs that are mandatorily supported for RedCap UEs;
· FFS: Optional features for non-RedCap UEs that are not supported for RedCap UEs.
In addition, in order to let the network handle the RedCap UE capabilities properly, that is, when the fields are absent for some feature(s), network should be able to differentiate whether it is because the feature(s) is/are not supported by a RedCap UE or because the feature(s) is/are supported by a RedCap mandatorily, a RedCap device type or new IEs containing capability signaling specific for RedCap UEs should be reported to the network. During the discussion in study item phase, RedCap UE type could be reported to network in UE capability report and/or early identification, if any.
Proposal 2: In order to handle UE capability properly for network, a RedCap device type or new IEs containing capability signaling specific for RedCap UEs should be reported to the network. FFS during in UE capability report and/or early identification, if any. 
In the TR [2], several options to define the RedCap UE types are summarized as below:

-
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 think the main motivation to introduce RedCap UE type is to avoid mis-understanding at network side when a capability field is absent. Thus, we only need to define this RedCap UE type to differentiate with non-RedCap UEs. Besides, how to define the RedCap UE type is related to when to report/use this UE type. During the discussion in study item phase, RedCap UE type could be reported to network in UE capability report and/or early identification (if any). 
For the former one, option 4 would be a reasonable approach, i.e. RedCap UE type can be only based on the corresponding minimum set of the reduced capabilities that one RedCap UE type shall mandatorily support. While, for other capabilities, supported by RedCap UEs (or optionally supported by RedCap UEs), network could identify them after obtaining the UE capability either from CN or UE reporting. In this way, there is no need for RedCap UE type to include other capabilities. 
For the later one, it is related to what information should be indicated in the early identification. in the TR [2], it is also mentioned that: 

If early identification during initial access is supported, at least maximum supported UE bandwidth during initial access (20 MHz for FR1 and 100 MHz for FR2) is included in the set of L1 capabilities of the device type for RedCap early identification. Note that 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.

If RedCap UE type is indicated in the early identification, we need to discuss whether the RedCap UE type definition should be based on additional capabilities, besides the minimum set of the reduced capabilities. 
Proposal 3: The definition of the RedCap UE types can be based on the corresponding minimum set of the reduced capabilities that one RedCap UE type shall mandatorily support. 

Proposal 4: FFS whether the definition of the RedCap UE types can be based on reduced capabilities that the network needs to know during initial access, depending on the design of early identification, if any. 
Proposal 5: FFS whether the definition of the RedCap UE types can be based on reduced capabilities that the network needs to know during initial access, depending on the design of early identification, if any. 
2.2. Constraining for RedCap UEs
Based on the conclusion from study item, the following options are summarized in the TR [2] to ensure RedCap UEs are only used for intended use cases, that is, UE identifying as RedCap UE can only use services and resources intended for RedCap UE type:

-
Option 1: RRC Reject based approach

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

-
Option 3: Verification of RedCap UE

-
Option 4: Left up to network implementation to ensure RedCap UE uses intended services and/or resources.
From RAN2 point of view, all options are workable. But considering the use cases for RedCap UEs, there will be some difference from normal UEs, not only on the UE capabilities, but also on the services. Thus, it is better to perform subscription validation to check whether the network could accept the UE’s registration request. After that, gNB may also perform capability verification. In this way, we think option 2 and 3 could be considered. But anyway, this procedure could be up to network implementation. As option 2 needs confirmation or discussion from SA2 and CT1. Thus, we could first send an LS to SA2/CT1 to consult the detailed solutions for constraining based subscription validation.
Proposal 6: An LS is sent to SA2/CT1 to consult the details for constraining based subscription validation, if RAN2 agreed to consider option 2.
3. Conclusion

In this contribution, we discuss the reduced capability signaling and constraining for RedCap devices. Based on the discussion, we have the following proposals:

Proposal 1: The UE capability requirements for RedCap UEs, that are different from non-RedCap UEs, are listed in the specifications:

· Mandatory features for non-RedCap UEs that are not supported 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 UEs that are mandatorily supported for RedCap UEs;
· FFS: Optional features for non-RedCap UEs that are not supported for RedCap UEs.
Proposal 2: In order to handle UE capability properly for network, a RedCap device type or new IEs containing capability signaling specific for RedCap UEs should be reported to the network. FFS during in UE capability report and/or early identification, if any. 
Proposal 3: The definition of the RedCap UE types can be based on the corresponding minimum set of the reduced capabilities that one RedCap UE type shall mandatorily support. 

Proposal 4: FFS whether the definition of the RedCap UE types can be based on reduced capabilities that the network needs to know during initial access, depending on the design of early identification, if any. 
Proposal 5: FFS whether the definition of the RedCap UE types can be based on reduced capabilities that the network needs to know during initial access, depending on the design of early identification, if any. 
Proposal 6: An LS is sent to SA2/CT1 to consult the details for constraining based subscription validation, if RAN2 agreed to consider option 2.
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