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Discussion and Decision
1 Introduction

The revised Rel-17 WID on the support of reduced capability NR (RedCap) devices includes the following objective [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 following agreement relevant to UE capabilities was made in RAN1 #105-e [2].
Agreement:Take the following as an agreement, revised from the RAN1#104bis-e working assumption:

· A RedCap UE cannot be configured with a non-initial (DL or UL) BWP (i.e., a BWP with a non-zero index) wider than the maximum bandwidth of the RedCap UE.
· At least for FR1, FG 6-1 (“Basic BWP operation with restriction” as described in TR 38.822) is used as a starting point for the mandatory RedCap UE type capability.

· This does not preclude support of FG 6-1a (“BWP operation without restriction on BW of BWP(s)” as described in TR 38.822) as a UE capability for RedCap UEs.

Agreement:

For UE capability signalling, the number of Rx branches for RedCap is implicitly indicated by the corresponding capability parameter maxNumberMIMO-LayersPDSCH in the existing UE capability framework.
· Detailed signalling is up to RAN2
In this contribution we discuss RedCap UE capabilities, considering the changes needed for L1 features.

2 Discussion
According to the WI objective noted above, the existing framework for UE capability signaling shall be used with changes specified only if necessary. In this regard, the current issue is related to which features defined for the NR UE must be supported by the RedCap UE. All the UE features are listed under different feature groups in TS 38.822 [3]. Each feature is marked as one of the following:
· Mandatory without capability signaling

· Mandatory with capability signaling

· Optional with capability signaling.

For all the mandatory features that require capability signaling, the corresponding capability parameter is described in TS 38.306 [4]. 
UE capability signaling for RedCap UEs was studied in the Rel-17 SI on RedCap devices. The TR from the SI made the following observations [5]. 

	For capability signalling of RedCap UEs, the following scenarios are possible, however feasibility, applicability of the cases and the final division to categories depend on the exact RedCap capabilities (to be defined):

-
For the features that are mandatory for non-Redcap UEs:

-
The Redcap UE mandatorily supports the feature with the same value.

-
The Redcap UE mandatorily supports the feature, but with different value (e.g. bandwidth value).

-
The Redcap UE optionally supports the feature.

-
The Redcap UE does not support the feature at all.

-
For the features that are optional for non-Redcap UEs:

-
The Redcap UE does not support the feature at all.

-
The Redcap UE supports the feature with a different value.

-
The Redcap UE supports the feature with the same value.

-
The Redcap UE mandatorily supports the feature.

Based on the above categorization and possible scenarios, the following capability design principle alternatives can be considered:

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).


While the two alternatives from the TR listed above pertain to how RedCap UE capabilities should be listed in the specifications, the question that is more relevant now is more directly about how to determine which UE capabilities need to be updated. First of all, from the WID objective noted in Section 1, it is clear that only “carrier aggregation, dual connectivity and wider bandwidths” are explicitly barred from RedCap UE capabilities. As such, as a starting point, all the other features supported by NR (non-RedCap) UEs should be considered for support by RedCap UEs at least as optional unless it is clear that a specific feature should not be supported by a RedCap UE.
Observation 1: The Rel-17 RedCap WID explicitly precludes only carrier aggregation, dual connectivity and wider bandwidths from RedCap UE capabilities.
Thus, our view is for all the other UE capabilities, it is only necessary to determine those that need to be updated based on the RedCap UE features. This means that unless a specific RedCap UE feature precludes support for an NR UE feature, it should be either mandatory (with or without capability signalling) or optional with capability signalling. In our view, the alternative approach, which is to consider each feature group and determine whether it should be supported or not based on the requirements to be satisfied by a RedCap UE, is a tedious exercise and should be avoided.
Proposal 1: All UE capabilities other than those related to carrier aggregation, dual connectivity and wider bandwidths can be supported by RedCap UE either as mandatory or as optional unless precluded by a specific RedCap feature.
It is further noted that the above proposal is similar to the following RAN2 working assumption (applicable to L2/L3 features):

RAN2 Working Assumption: by default, all non-RedCap UE capabilities are applicable for RedCap UE, and therefore only for non-RedCap capabilities that are not appliable for RedCap UE, we clarify in the definitions for parameters in TS38.306, the value or feature is not applicable for RedCap UE

Among all the UE feature groups, we can first consider those that are listed in [3] as mandatory without capability signalling. These feature groups define the capability for basic UE operation and, in general, can be supported by RedCap UE as well. It is worth considering a couple of feature groups that are relevant for RedCap UE discussions.

0-3

DL modulation scheme

6-1

Basic BWP operation with restriction
It is noted that feature group 0-3 (DL modulation scheme) includes only up to 64 QAM and therefore can be supported by RedCap UE as well. Feature group 6-1 defines the capability for basic BWP operation and includes the following components.

1) UE-specific RRC configured DL BWP per carrier

2) UE-specific RRC configured UL BWP per carrier

3) RRC reconfiguration of any parameters related to BWP

4) BW of a UE-specific RRC configured BWP includes BW of CORESET#0 (if CORESET#0 is present) and SSB for PCell/PSCell (if configured) and BW of the UE-specific RRC configured BWP includes SSB for SCell if there is SSB on SCell

 It was agreed in RAN1 #105-e that, at least for FR1, FG 6-1 is used as a starting point for the mandatory RedCap UE type capability. Our interpretation of this agreement is that FG 6-1 is supported by RedCap UE (as mandatory with capability signalling).
Based on the guidance in the TR, the following four options are available for these feature groups [5].

Option 1: The Redcap UE mandatorily supports the feature with the same value.

Option 2: The Redcap UE mandatorily supports the feature, but with different value (e.g. bandwidth value).

Option 3: The Redcap UE optionally supports the feature.

Option 4: The Redcap UE does not support the feature at all.

Thus, for all these feature groups, Option 1 may be applied.

Proposal 2: For all the L1 UE feature groups that are mandatory without capability signalling for NR UE, the RedCap UE mandatorily supports the feature with the same value.
Next, we consider the feature groups listed in [3] as mandatory with capability signalling. Among these, at least the following Rel-15 UE feature groups are related to carrier aggregation and dual connectivity, respectively, and hence should not be supported by the RedCap UE (Option 4).
1-10
Support of SCell without SS/PBCH block
6-13
Case 1 Single Tx UL LTE-NR DC
Proposal 3: At least L1 UE feature groups 1-10 and 6-13, which are mandatory with capability signalling for NR UE, are not supported by the RedCap UE.

In RAN4 #99-e, RedCap UE support of SUL was discussed. but there was no conclusion. It was recognized that there is ambiguity about whether RedCap UE supports SUL or not and that clarification in the WID is needed. In the revised WID from RAN #92-e, there is no further clarification on this aspect. In our view, until the WID is revised to provide this clarification, there should be no further discussion on SUL support.
The following feature group is related to SUL. 

6-17
Supplemental uplink with different numerologies between SUL and non SUL carriers
Based on the above discussion, this feature group should not be supported by RedCap UE.

Proposal 4: The L1 UE feature group 6-17 related to SUL, which is mandatory with capability signalling for NR UE, is not supported by the RedCap UE.
The following Rel-15 UE feature group is related to the supported maximum number of MIMO layers
2-3

PDSCH MIMO layers
Since more than one Rx antenna and hence support of more than one PDSCH MIMO layer is optional for RedCap UE, this UE capability should be changed to optional with capability signalling for RedCap UE (Option 3). It should be noted that it was agreed in RAN1 #105-e that the number of Rx branches for RedCap is implicitly indicated by the corresponding capability parameter maxNumberMIMO-LayersPDSCH. Therefore, a Rel-17 RedCap UE with 1 Rx antenna would not have to report this capability parameter, while a RedCap UE with 2 Rx antennas would report a value of 2 to indicate both that it supports 2 MIMO layers for PDSCH and that it has 2 Rx antennas. As such the description of the feature group in TS 38.822 (currently, “Supported maximal number of MIMO layers”) should be updated for the optional RedCap UE capability.
The following Rel-15 RF feature group is mandatory with capability signalling for NR UE and is related to a RedCap feature

1-4

256QAM for PDSCH

Since support of 256-QAM is optional to RedCap UE, this feature should also be changed to optional with capability signalling for RedCap UE (Option 3).

Proposal 5: The L1 UE feature group 2-3 and RF feature group 1-4, which are mandatory with capability signalling for NR UE, are optional with capability signalling for RedCap UE.

The following Rel-15 L1 UE feature group is related to ongoing discussions in RAN1 and hence may need to be revisited later.

3-3

More than one CORESET configurations per BWP in addition to CORESET0

Further study is also necessary for Rel-16 L1 UE features that are mandatory with capability signalling for NR UEs.
Proposal 6: Further study the necessity for updates to RedCap UE capabilities for Rel-16 L1 UE feature groups that are mandatory with capability signalling for NR UE.
For the L1 UE features that are optional with capability signalling for RedCap UE, the following four options are available based on the guidance in the TR [5]:

Option 1: The Redcap UE does not support the feature at all.

Option 2: The Redcap UE supports the feature with a different value.

Option 3: The Redcap UE supports the feature with the same value.

Option 4: The Redcap UE mandatorily supports the feature.

Among the L1 UE features that are optional with capability signalling for RedCap UE, there has been some discussion in relation to feature group 6-1a (BWP operation without restriction on BW of BWP(s)), which has the following description:

BW of UE-specific RRC configured BWP may not include BW of the CORESET#0 (if CORESET#0 is present) and SSB for PCell/PSCell (if configured) and BW of the UE-specific RRC configured BWP may not include SSB for SCell.

This capability is beneficial for RedCap UE in 3 aspects – (1) for multiplexing of SSB/CORESET#0 that are beyond the UE maximum bandwidth, (2) to be able to place the UL BWP at the band edge in TDD where CORESET#0 may not be present, and (3) to reduce the overhead of requiring BWP to contain SSB. Therefore, it is proposed that RedCap UE can also support FG 6-1a as a mandatory feature (Option 4).
Proposal 7: The L1 UE feature group 6-1a (BWP operation without restriction on BW of BWP(s)), which is optional with capability signalling for NR UE, is mandatory for RedCap UE.
We have not yet identified any other features that are optional for NR UE but need to be mandatory for RedCap UE, but further consideration may be necessary after completion of RAN1 work.
3 Conclusions

In this contribution, RedCap UE capabilities are discussed. The following observations and conclusions are made.
Observation 1: The Rel-17 RedCap WID explicitly precludes only carrier aggregation, dual connectivity and wider bandwidths from RedCap UE capabilities.
Proposal 1: All UE capabilities other than those related to carrier aggregation, dual connectivity and wider bandwidths can be supported by RedCap UE either as mandatory or as optional unless precluded by a specific RedCap feature.

Proposal 2: For all the L1 UE feature groups that are mandatory without capability signalling for NR UE, the RedCap UE mandatorily supports the feature with the same value.

Proposal 3: At least L1 UE feature groups 1-10 and 6-13, which are mandatory with capability signalling for NR UE, are not supported by the RedCap UE.

Proposal 4: The L1 UE feature group 6-17 related to SUL, which is mandatory with capability signalling for NR UE, is not supported by the RedCap UE.
Proposal 5: The L1 UE feature group 2-3 and RF feature group 1-4, which are mandatory with capability signalling for NR UE, are optional with capability signalling for RedCap UE.

Proposal 6: Further study the necessity for updates to RedCap UE capabilities for Rel-16 L1 UE feature groups that are mandatory with capability signalling for NR UE.
Proposal 7: The L1 UE feature group 6-1a (BWP operation without restriction on BW of BWP(s)), which is optional with capability signalling for NR UE, is mandatory for RedCap UE.
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