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1 Introduction

In RAN2#111e meeting, reduced capability signalling framework was discussed and the following agreement were made [1].
Agreements:

1. At least for device type identification and access restriction (including initial access), the network needs to know whether the UE is redCap UE or not. FFS on whether based on explicit or implicit signalling.

2. The existing UE capabilities framework is used as baseline to indicate the capabilities of a RedCap UE (this does not imply anything on the reporting of the device type, if the need for a device type will be agreed)

3. The number of device types should be minimised, to reduce market fragmentation, and introduced only where essential to control UE accesses and differentiate them from legacy R15/R16 and non-Redcap R17 UEs, (e.g. number of Tx/Rx antennas, maximum supportable BW, etc.). The exact composition of the set of L1 capabilities of the device type can be discussed by RAN1

4. Discuss in normative phase on whether to signal (and in case how) a Device type and its associated capabilities (the reduced set of capabilities) is captured in specifications, and whether device type is indicated as part of UE capability;

After RAN2#111e meeting, we continued to discuss definition and constraining of reduced capabilities through e-mail discussion.

In this contribution, we mainly focus on how to identify reduced capability.
2 Discussion

According to the existing UE capabilities framework, UE capabilities are categorized into mandatory features and optional features. Mandatory features are the minimum capability and the same for all UEs, they are further categorized into mandatory features with and without capability signalling. For a mandatory feature with capability signalling, the UE capability parameter(s) is used to indicate whether the feature has been successfully tested. For an optional feature, the UE capability parameter(s) is used to indicate whether the feature has been implemented and successfully tested.
Similar to the current NR non-RedCap UE capabilities, RedCap UE capabilities can also be categorized into mandatory features and optional features.
Observation 1 RedCap UE capabilities can also be categorized into mandatory features and optional features.
For the UE capabilities for RedCap UE which are different from those for non-RedCap UE, there may be the following cases:

· Case 1: Mandatory features for both non-RedCap UE and RedCap UE but with different values

· Case 2: Mandatory features for non-RedCap UE that are optional for RedCap UE
· Case 3: Mandatory features for non-RedCap UE that are not supported for RedCap UE

· Case 4: Optional features for non-RedCap UE that are mandatory for RedCap UE
· Case 5: Optional features for both non-RedCap UE and RedCap UE but with different value range
· Case 6: Optional features for non-RedCap UE that are not supported for RedCap UE

The reduced capabilities for RedCap UE are up to RAN1. According to RAN1 agreement, for Redcap UE in FR1, the baseline UE bandwidth capability is 20 MHz. For non-Redcap UE in FR1, the mandatory bandwidth is 100MHz, and the 20MHz bandwidth is an optional UE bandwidth capability. So at least both case 3 and case 4 can be confirmed as valid. At this stage, we are not sure whether all the other cases above are valid, or which capabilities will be included in which case, but from RAN2’s perspective, we could first study the capability design principle for RedCap UE based on the possible cases above.
For case 1, the mandatory features with different values should be listed in the specification. In addition, a RedCap device type is needed as part of the capability signalling so that network could differentiate RedCap UEs from non-RedCap UEs.
For case 2, we can discuss the following two sub-cases respectively:

· If it is a mandatory feature for non-RedCap UE without capability signalling, we should define new capability signalling fields for RedCap UE to indicate its optional support for the feature, and a RedCap device type needs to be signalled as part of capability signalling so that network could differentiate RedCap UE from non-RedCap UE when these fields are absent. 
· If it is a mandatory feature for non-RedCap UE with capability signalling, the RedCap UEs could reuse the same field to indicate its optional support for the feature. It would be needed to capture in the specification (e.g. in TS 38.306) that these features are optional to RedCap UEs. 
For case 3, we can discuss the following two sub-cases respectively:

· If it is a mandatory feature for non-RedCap UE without capability signalling, it should be listed in the specification, and a RedCap device type needs to be signalled as part of capability signalling so that network could differentiate RedCap UEs from non-RedCap UEs.
· If it is a mandatory feature for non-RedCap UE with capability signalling, there may be two possible options:

· Option 1: Capture in TS 38.306 that this feature is not supported by RedCap UE. A RedCap UE can indicate any value for the capability signalling field, but network will ignore the field. For this option, a RedCap device type needs to be signalled as part of capability so that network can ignore the field.
· Option 2: Capture in TS 38.331 that RedCap UE should always indicate “not support” for the feature.
For case 4, the mandatory features for RedCap UE that are optional for non-RedCap UE should be listed in the specification, and a RedCap device type needs to be signalled so that network could differentiate RedCap UEs from non-RedCap UE. Another option could be to capture in TS 38.331 that RedCap UE should always indicate “support” for the feature.
For case 5, if the value range of the optional feature applied for RedCap UEs is a subset of that applied for non-RedCap UEs, the existing fields could be reused for the RedCap UEs, and the value range of this fields applied for RedCap UEs should be captured in the specification. Otherwise, we should define new capability signalling fields for RedCap UEs for this optional feature.
For case 6, there may be two possible options:

· Option 1: Capture in TS 38.306 that this feature is not supported by RedCap UE. A RedCap UE can indicate any value for the capability signalling field, but network will ignore the field. For this option, a RedCap device type needs to be signalled as part of capability so that network can ignore the field.
· Option 2: Capture in TS 38.331 that RedCap UE should always indicate “not support” for the feature.

In summary, for above listed cases, following principles shown in Table 1 can be considered.
Table1 Summary for reduced capability signalling framework
	Case
	Need to be captured in the specification
	Need to define new capability signalling fields for RedCap UE
	Need to signal RedCap device type

	Case 1: Mandatory features for both non-RedCap UE and RedCap UE but with different values
	Yes
	No
	Yes

	Case 2: Mandatory features for non-RedCap UE that are optional for RedCap UE
	Case 2-1: If it is a mandatory feature for non-RedCap UE without capability signalling
	No
	Yes
	Yes

	
	Case 2-2:If it is a mandatory feature for non-RedCap UE with capability signalling
	Yes
	No
	No

	Case 3: Mandatory features for non-RedCap UE that are not supported for RedCap UE
	Case 3-1: If it is a mandatory feature for non-RedCap UE without capability signalling
	Yes
	No
	Yes

	
	Case 3-2: If it is a mandatory feature for non-RedCap UE with capability signalling
	Yes
	No
	If capture in TS 38.306 that this feature is not supported by RedCap UE: Yes

If capture in TS 38.331 that RedCap UE should always indicate “not support” for the feature: No

	Case 4: Optional features for non-RedCap UE that are mandatory for RedCap UE
	Yes
	No
	If capture in TS 38.306 that this feature is mandatory for RedCap UE: Yes. 

If capture in TS 38.331 that RedCap UE should always indicate “support” for the feature: No

	Case 5: Optional features for both non-RedCap UE and RedCap UE but with different value range
	Case 5-1: If the value range of the optional feature applied for RedCap UEs is a subset of that applied for non-RedCap UEs
	Yes
	No
	No

	
	Case 5-2: Other cases.
	No
	Yes
	No

	Case 6: Optional features for non-RedCap UE that are not supported for RedCap UE
	Yes
	No
	If capture in TS 38.306 that this feature is not supported by RedCap UE: Yes

If capture in TS 38.331 that RedCap UE should always indicate “not support” for the feature: No


Proposal 1 RAN2 discuss reduced capability signalling framework based on the capability design principle as shown in Table 1.
3 Conclusion

Based on the discussion above, we made the following observations:

Observation 1
RedCap UE capabilities can also be categorized into mandatory features and optional features.


And propose the following:

Proposal 1       RAN2 discuss reduced capability signalling framework based on the capability design principle as shown in Table 1.
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