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1	Introduction
[bookmark: _Ref178064866]The work item on support of reduced capability NR devices [1] includes the following objectives relevant to the discussion in this paper:
	· Specify support for the following UE complexity reduction features [RAN1, RAN2, RAN4]:
· Reduced maximum UE bandwidth:
· Maximum bandwidth of an FR1 RedCap UE during and after initial access is 20 MHz. 
· Maximum bandwidth of an FR2 RedCap UE during and after initial access is 100 MHz.
· Reduced 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. The specification also supports 2 Rx branches for a RedCap UE in these bands.
· 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. The specification also supports 2 Rx branches for a RedCap UE in these bands.
· A means shall be specified by which the gNB can know the number of Rx branches of the UE.
· Maximum number of DL MIMO layers:
· For a RedCap UE with 1 Rx branch, 1 DL MIMO layer is supported.
· 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.
· No other relaxations of maximum modulation order are specified for a RedCap UE.
· Duplex operation:
· HD-FDD type A with the minimum specification impact (Note that FD-FDD and TDD are also supported.)
· 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.



We start in Section 2 with a discussion about the general aspects of the capability signaling for RedCap UEs, followed by a first look into more details of the relevant existing capabilities and a discussion on the way forward. In Section 3 we will then discuss our view on the definition of a RedCap UE, based on the earlier discussion on the reduced capabilities. Section 4 concludes the paper with discussion about how to constrain the use of RedCap capabilities only for RedCap UEs, and related aspects. 
2	First look on the reduced capabilities
2.1	General capability design considerations
Two alternatives are listed in TR 38.875 clause 10.1 for the design principle of the capabilities:
	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).



The existing capability framework should be used as far as possible, where the possible new RedCap-related capabilities are added to the existing capability signaling only when necessary, as also indicated in the WID. For some of the existing capabilities, new values may need to be signaled, and new versions of such capabilities can be then defined specific to RedCap UEs. 
[bookmark: _Toc71583885]Re-use the capability signaling of NR Rel-15. Introduce new capability parameters for capabilities which were mandatory without capability signaling for NR Rel-15 and which are optional for RedCap. Extend the value range of existing capability parameters where necessary. 
TR 38.875 also lists options to be considered for how the network knows the UE is a RedCap UE to be able to handle the UE capabilities properly: 
· Option 1: RedCap device type is indicated as part of the capability signalling.
· Option 2: Define a new IE specifically for RedCap UEs containing RedCap-specific capabilities. The IE is included in the signalling only by Redcap UEs.
· Option 3: The network identifies RedCap UEs based on identification solution (see Clause 11.1), e.g. during Msg1, Msg3, MsgA, etc, (pending RAN1 conclusion). The identification is forwarded it to target gNB during handover. 
· Option 4: The network identifies RedCap UE based on the reported capabilities, assuming the identification can be done through RedCap-specific capabilities not used by non-RedCap UEs. 
The intention of Option 1 is to define an explicit “RedCap capability” which would indicate that a UE is a RedCap UE without ambiguity. Alternatively, the gNB could rely on early indication during initial access combined with the other capabilities the UE reports (Option 3 + Option 4). To help with gNB processing and reliable determination of UEs type, we think an explicit capability can be defined, where the gNB will additionally have the possibility to be provided with early indication to enable necessary processing or functionality for RedCap UE during the initial access procedure, if needed. See R2-2105235 [8] for further discussion on the need for early indication.
Option 2 is a stage-3 detail, which further depends on details of possible new capabilities and values RAN2 defines. Whether a new IE is used or not can be discussed later. 
[bookmark: _Toc71583886]The network can identify a RedCap UE based on the early indication (if configured) and an explicit capability (not a type) indicating the UE is a RedCap UE. 
Next, we take a look on the various complexity reduction features and how the current capability signaling related to such features looks like. 
2.2	Reduced maximum UE bandwidth
One of the most fundamental characteristics of a RedCap UE is that it only supports reduced bandwidth up to 20 or 100 MHz depending on the frequency range, as stated in the WID: 
	· Reduced maximum UE bandwidth:
· Maximum bandwidth of an FR1 RedCap UE during and after initial access is 20 MHz. 
· Maximum bandwidth of an FR2 RedCap UE during and after initial access is 100 MHz.



Currently a UE indicates the supported channel bandwidths per band using channelBWs-UL/DL [5]. The support is indicated using a bitmap for different sub-carrier spacings. For FR1, support for 100 MHz is implicit (there is no explicit bit) and for FR2 the current specifications mandate that the bit corresponding to 200 MHz is set to ‘1’, indicating support. For DL, the bitmap corresponds to values [5, 10, 15, 20, 25, 30, 40, 50, 60, 80] MHz for FR1 and [50, 100, 200] MHz for FR2 (v15.9 of [5] introduced new values and extended the bit field length, but the principles are the same. See detailed field description from [6] in the Appendix).
channelBWs in IE RF-Parameters [5]: 
[bookmark: TBandNR]BandNR ::=                          SEQUENCE {

...
    
channelBWs-DL                       CHOICE {
        fr1                                 SEQUENCE {
            scs-15kHz                           BIT STRING (SIZE (10))                     OPTIONAL,
            scs-30kHz                           BIT STRING (SIZE (10))                     OPTIONAL,
            scs-60kHz                           BIT STRING (SIZE (10))                     OPTIONAL
        },
        fr2                                 SEQUENCE {
            scs-60kHz                           BIT STRING (SIZE (3))                      OPTIONAL,
            scs-120kHz                          BIT STRING (SIZE (3))                      OPTIONAL
        }
}                                                                                   OPTIONAL,
channelBWs-UL                       CHOICE {
        fr1                                 SEQUENCE {
            scs-15kHz                           BIT STRING (SIZE (10))                     OPTIONAL,
            scs-30kHz                           BIT STRING (SIZE (10))                     OPTIONAL,
            scs-60kHz                           BIT STRING (SIZE (10))                     OPTIONAL
        },
        fr2                                 SEQUENCE {
            scs-60kHz                           BIT STRING (SIZE (3))                      OPTIONAL,
            scs-120kHz                          BIT STRING (SIZE (3))                      OPTIONAL
        }
}                                                                                   OPTIONAL,

...

                                                             

The support for maximum BW per carrier is indicated separately in feature sets and further validated by the network together with channelBWs. The support per carrier can be indicated, e.g., using the IE SupportedBandwidth, separately for DL and UL [5]. The existing IE includes code points for 5, 10, 15 and 20 MHz for FR1 and 50 and 100 MHz for FR2, which are the bandwidths that are in the scope of RedCap [5]: 
[bookmark: _Toc60777484][bookmark: _Toc60868265]–	SupportedBandwidth
The IE SupportedBandwidth is used to indicate the maximum channel bandwidth supported by the UE on one carrier of a band of a band combination.
SupportedBandwidth information element
-- ASN1START
-- TAG-SUPPORTEDBANDWIDTH-START

SupportedBandwidth ::=      CHOICE {
    fr1                         ENUMERATED {mhz5, mhz10, mhz15, mhz20, mhz25, mhz30, mhz40, mhz50, mhz60, mhz80, mhz100},
    fr2                         ENUMERATED {mhz50, mhz100, mhz200, mhz400}
}

-- TAG-SUPPORTEDBANDWIDTH-STOP
-- ASN1STOP

In the current specifications, it is mandated that the UE shall indicate support for all the bandwidths for each band as listed in TS 38.101-1 (few of the BWs are optional), see Appendix for full field descriptions in TS 38.306 for channelBW-DL and supportedBandwidthDL.

[bookmark: _Toc71583878]The existing non-RedCap UEs are expected to support 100 MHz channel BW in FR1 and 200 MHz channel BW in FR2.
[bookmark: _Toc71583879]It is already possible to signal [5, 10, 15, 20] MHz maximum supported channel BW for FR1 and [50, 100] MHz maximum BW for FR2 using the existing fields and IEs. 

If a RedCap UE accesses a cell which configures a wide carrier (i.e., > 20 MHz) but where the initial DL BWP is narrow enough for the RedCap UE to operate in the cell (e.g. 20 MHz), the UE would access the cell normally according to the BWP#0 configured in SI. Then, after the network is aware of the UE capabilities, a dedicated BWP for the RedCap UE can be configured according to the indicated supported carrier BW, i.e., a BWP with bandwidth which is not larger than what the RedCap UE supports. The dedicated BWP can be located outside of the frequency of the initial BWP, so that not all UEs would operate within the same 20 MHz range. This operation is supported already by the existing specifications.

[bookmark: _Toc71583880]Using the information of the supported BWs, the network can configure a dedicated BWP not exceeding the supported BW of the UE after the initial access, if needed.

Further details and the exact specification changes can be discussed later, but as a baseline, we propose that the existing capability signalling is used, and this should be possible with some updates (e.g. in field descriptions) specific to RedCap UEs: 

[bookmark: _Toc71583887]RedCap UE uses the existing capability signalling to indicate maximum supported channel bandwidth per band, and per carrier (i.e. in feature set per CC). The field descriptions are updated to allow RedCap UEs to indicate maximum 20 MHz (FR1) or 100 MHz (FR2).

2.3	Number of MIMO layers
Depending on how many Rx branches are supported, a RedCap UE can support either one or two MIMO layers:
	· Maximum number of DL MIMO layers:
· For a RedCap UE with 1 Rx branch, 1 DL MIMO layer is supported.
· For a RedCap UE with 2 Rx branches, 2 DL MIMO layers are supported.



Existing signaling for DL MIMO layers (maxNumberMIMO-LayersPDSCH) allows indication of support for 2, 4 or 8 MIMO layers per carrier per band in a band combination. Absence of the field means MIMO is not supported on the carrier. 
Definition of the IE MIMO-Layers in RRC:
–	MIMO-Layers
The IE MIMO-Layers is used to convey the number of supported MIMO layers.
MIMO-Layers information element
-- ASN1START
-- TAG-MIMO-LAYERS-START

MIMO-LayersDL ::=   ENUMERATED {twoLayers, fourLayers, eightLayers}

MIMO-LayersUL ::=   ENUMERATED {oneLayer, twoLayers, fourLayers}

-- TAG-MIMO-LAYERS-STOP
-- ASN1STOP

[bookmark: _Toc71583881]Existing capability signaling allows indicating support for 2, 4 or 8 DL MIMO layers, or no support, per carrier. 

[bookmark: _Toc71583888]A RedCap UE uses the existing capability signalling to indicate maximum number of supported MIMO layers per carrier, and no new capability is needed.

2.4	Number of Rx branches
Possibility to support only one Rx branch differentiates a RedCap UE from legacy UEs, in the WID:
	· Reduced 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. The specification also supports 2 Rx branches for a RedCap UE in these bands.
· 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. The specification also supports 2 Rx branches for a RedCap UE in these bands.
· A means shall be specified by which the gNB can know the number of Rx branches of the UE.



There is currently no explicit capability indicating the number of Rx branches of the UE. The WID mentions that there shall be means to indicate to gNB how many Rx branches the UE has, that is, the network should be made aware especially if the UE supports only 1 Rx branch, so that possible performance impairment can be taken into account. 
There is ongoing discussion related how an early indication of the UE being RedCap is made, and it is suggested to progress this discussion as well before concluding whether there is need for an explicit “number of Rx branches”-capability. 
[bookmark: _Toc71583882]There is no existing capability to directly indicate number of Rx branches. 

According to the WID, the number of Rx branches determines the number of supported MIMO layers – i.e. RedCap UEs which have 1 Rx branch support 1 MIMO layer and UEs with (at least) 2 Rx branches support 2 MIMO layers. This means that it is possible to re-use the capability indicating number of supported DL MIMO layers to also indicate number of Rx branches, thus providing the gNB explicit information about the number of branches. This possibility is also discussed in RAN1, e.g. in R1-2104182 [7]. In practice, if the UE is a RedCap UE, then the gNB can take the DL MIMO capability and map it accordingly to number of UE Rx branches, i.e. if no MIMO support is signaled, gNB assumes 1 Rx branch, and if MIMO support is signaled then it is assumed the UE supports (at least) 2 Rx branches. 
[bookmark: _Toc71055372][bookmark: _Toc71583889]The existing capability maxNumberMIMO-LayersPDSCH is used for indicating both the number of Rx branches and supported number of DL MIMO layers.

2.5	Modulation order
A RedCap UE does not need to support 256QAM for DL in FR1:
	· Relaxed maximum modulation order:
· Support of 256QAM in DL is optional (instead of mandatory) for an FR1 RedCap UE.
· No other relaxations of maximum modulation order are specified for a RedCap UE.



Currently, capability pdsch-256QAM-FR1 is indicated per UE and it is mandatory to signal support for it.  This can be made optional to support for RedCap UEs (e.g. to leave it absent) and no additional changes should be needed. Additionally, supportedModulationOrderDL can be used to indicate maximum supported modulation per feature set per carrier for the maximum data rate calculation in TS 38.306. 
[bookmark: _Toc60777464][bookmark: _Toc68015405]–	ModulationOrder
The IE ModulationOrder is used to convey the maximum supported modulation order.
ModulationOrder information element
-- ASN1START
-- TAG-MODULATIONORDER-START

[bookmark: TModulationOrder]ModulationOrder ::= ENUMERATED {bpsk-halfpi, bpsk, qpsk, qam16, qam64, qam256}

-- TAG-MODULATIONORDER-STOP
-- ASN1STOP

[bookmark: _Toc71583883]Existing capability signaling can be used to signal maximum modulation order supported by carrier and optional support for 256QAM. 
[bookmark: _Toc71583890]Existing capability signalling is updated so that RedCap UE can optionally signal support for 256QAM, and no new capability is needed.

2.6	Duplex operation
Currently, there is support for operating in half-duplex kind of fashion for example in EN-DC, CA or SUL scenarios – TS 38.211 specifies that if UE is not capable of full-duplex operation and not supporting simultaneous transmission and reception (as defined by the parameters simultaneousRxTxInterBandENDC, simultaneousRxTxInterBandCA or simultaneousRxTxSUL), there is a gap before the UE is expected to transmit in uplink after the last received downlink symbol or expected to receive in downlink after the end of last transmitted uplink symbol. In practice, this means half-duplex operation e.g. between inter-band carriers, in the case UE doesn’t support simultaneous transmission and reception. 
The RAN1 work (see e.g. RAN1 agreement summary R1-2104027 [9]) has used the already specified behavior for non-full-duplex operation and TDD operation as a starting point in the work with HD-FDD, which is in line with the WI objective to minimize the specification impact. 
	· Duplex operation:
· HD-FDD type A with the minimum specification impact (Note that FD-FDD and TDD are also supported.)



However, there is currently no explicit capability parameter for UE to indicate support for only HD-FDD (or non-support of FD-FDD in general) within a UL/DL FDD carrier pair. It is likely such a parameter should be defined for RedCap, but the exact details can be agreed later once RAN1 has progressed their discussion on details of HD-FDD for RedCap. 
[bookmark: _Toc71583891]A new capability for HD-FDD is needed, the details can be discussed further when RAN1 has progressed in their work. 
2.7	Power consumption-related features
For other features such as eDRX enhancement and RRM measurement relaxation, the capability support can be discussed later during the work item and in the context of those features. 
Related to the discussion in the next section on RedCap UE definition, we don’t think any possible capabilities specific to eDRX enhancement or RRM measurement relaxation should be used to identify a RedCap UE, as these features don’t need to be specific to RedCap in the end, and a RedCap UE may also support other power saving features (e.g. those to be specified in Rel-17 power saving work item). 
3	Definition of a RedCap UE
According to the revised WID [1], only one RedCap UE type should be specified. The purpose of introducing the RedCap UE type is to identify RedCap UEs, i.e., to differentiate them from non-RedCap UEs, to constrain the use of RedCap UE capabilities only to RedCap UEs, and to constrain the use of some non-RedCap UE capabilities only to non-RedCap UEs. The definition of the RedCap UE type, according to the text captured by RAN2 in TR 38.875 [2], can be based on one of:
· 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.

The RedCap UE definition should contain all the mandatory capabilities which separate a RedCap UE from a normal NR UE. For the definition, to define one RedCap UE type, the minimum set of the capabilities should be used. Therefore, out of the four options above, Option 4 should be used to define the RedCap UE type. Table 1 lists such set features, where the exact capabilities are to be discussed further also according the discussion in the previous sections. 

[bookmark: _Ref39838551]Table 1: Definition of RedCap UE
	Capability
	RedCap UE
	Comments

	Maximum UE bandwidth
	20 MHz for FR1
100 MHz for FR2
	No optional support of wider UE BW than 20 / 100 MHz.

	Minimum number of Rx branches
	1
	Support of more than 1 Rx branch is optional.

	Supported number of DL MIMO layers
	1 for UEs with 1 Rx
2 for UEs with >1 Rx
	

	Maximum modulation order
	64QAM
	Applicable for UL and DL, in both FR1 and FR2. Support of 256QAM in DL in FR1 is optional. 

	Duplex operation
	HD-FDD
TDD
	Support of FD-FDD is optional. 




[bookmark: _Toc71583892]RedCap UE is defined by the support of: reduced maximum UE bandwidth (20 MHz for FR1, 100 MHz for FR2) and the possibility to support only one MIMO layer and one Rx antenna port and optional support for 256 QAM in DL for FR1 and possibility to support HD-FDD within one carrier and optional FD-HDD support. 
On top of this there may be optional capabilities, either specific to RedCap or other existing (and future) capabilities possible for the UE to signal. 
4	Constraining reduced capabilities
The WID stipulates that it should be possible to constrain the use of the capabilities specific to RedCap UEs so that they are usable only by a RedCap UE. Based on the previous discussion, a RedCap type definition would include both existing capabilities, with possible new code points or values, and of new capabilities for such features there is no existing signaling. 
It seems straightforward then to restrict the use of such new values or capabilities so that they are specific to RedCap UEs and shall not be signaled by any other UEs. If any of such RedCap-specific capability reporting is done, the network should consider the UE to be a RedCap UE. 
Examples of such features are indication of only 1 Rx branch or MIMO layer, not supporting 256QAM in DL or HD-FDD operation.

[bookmark: _Toc71583884]If a UE indicates a value or capability which is specific to RedCap UE type definition, the NW considers the UE to be a RedCap UE. 

Likewise, there are some features such as carrier aggregation, dual connectivity or support for BW >20 MHz for FR1 or >100 MHz for FR2 which would mean the network would not consider UE indicating such features a RedCap UE, but a non-RedCap UE instead.  Such situation would be an error case, and if such case occurs and the UE is allowed to connect to the NW, the UE would be limited to similar operation and performance as RedCap UEs, e.g. restricted to 20 MHz BW. 
During the SI phase, mechanisms to ensure that RedCap UEs are only used for the intended use cases were discussed – however the corresponding WI objective only refers to UE capabilities as discussed above. The following mechanisms were listed in the TR for constraining the service or use or resources (see full details in TR 38.875 clause 10.2.1):
· Option 1: RRC Reject based approach
· Option 2: Subscription validation
· E.g. including an indication in NAS signalling to core network or RAN informs CN after it knows the UE is a RedCap UE. 
· Option 3: Verification of RedCap UE
· Network performs a capability match between UE’s reported capabilities and RedCap UE type. 
· Option 4: Left up to network implementation to ensure RedCap UE uses intended services and/or resources.
Options 1, 3 and 4 all seem to be possible to implement at least in basic form without need for specification changes. For Option 1, e.g. new establishment causes could be specified, but we don’t see the need to differentiate or include any RedCap-specific services as establishment cause. Option 3 can also be done in network implementation, e.g. if the UE indicates it is a RedCap UE using early indication or signals any RedCap-specific capability then the network would assume the UE is a RedCap UE and schedule and configure it accordingly. 
Option 2 is functionality which requires signaling between RAN and CN and functionality in CN. We do think that there should be an indication to CN about the UE being a RedCap UE, to support subscription validation and any other necessary functionality which requires differentiation between RedCap and non-RedCap UEs. Such features can include different charging for RedCap, knowing the UE is a RedCap UE for configuring possible operator-specific access categories for RedCap or different policy control. We note that such mechanism was adopted previously in Rel-16 for LTE-M UE identification in CN over NG interface.

[bookmark: _Toc71583893]The CN should be aware the UE is a RedCap UE during initial UE message to e.g.  support subscription validation or differentiated charging, access control, or policy control. 

5	Conclusion
In the previous sections we made the following observations: 
Observation 1	The existing non-RedCap UEs are expected to support 100 MHz channel BW in FR1 and 200 MHz channel BW in FR2.
Observation 2	It is already possible to signal [5, 10, 15, 20] MHz maximum supported channel BW for FR1 and [50, 100] MHz maximum BW for FR2 using the existing fields and IEs.
Observation 3	Using the information of the supported BWs, the network can configure a dedicated BWP not exceeding the supported BW of the UE after the initial access, if needed.
Observation 4	Existing capability signaling allows indicating support for 2, 4 or 8 DL MIMO layers, or no support, per carrier.
Observation 5	There is no existing capability to directly indicate number of Rx branches.
Observation 6	Existing capability signaling can be used to signal maximum modulation order supported by carrier and optional support for 256QAM.
Observation 7	If a UE indicates a value or capability which is specific to RedCap UE type definition, the NW considers the UE to be a RedCap UE.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Re-use the capability signaling of NR Rel-15. Introduce new capability parameters for capabilities which were mandatory without capability signaling for NR Rel-15 and which are optional for RedCap. Extend the value range of existing capability parameters where necessary.
Proposal 2	The network can identify a RedCap UE based on the early indication (if configured) and an explicit capability (not a type) indicating the UE is a RedCap UE.
Proposal 3	RedCap UE uses the existing capability signalling to indicate maximum supported channel bandwidth per band, and per carrier (i.e. in feature set per CC). The field descriptions are updated to allow RedCap UEs to indicate maximum 20 MHz (FR1) or 100 MHz (FR2).
Proposal 4	A RedCap UE uses the existing capability signalling to indicate maximum number of supported MIMO layers per carrier, and no new capability is needed.
Proposal 5	The existing capability maxNumberMIMO-LayersPDSCH is used for indicating both the number of Rx branches and supported number of DL MIMO layers.
Proposal 6	Existing capability signalling is updated so that RedCap UE can optionally signal support for 256QAM, and no new capability is needed.
Proposal 7	A new capability for HD-FDD is needed, the details can be discussed further when RAN1 has progressed in their work.
Proposal 8	RedCap UE is defined by the support of: reduced maximum UE bandwidth (20 MHz for FR1, 100 MHz for FR2) and the possibility to support only one MIMO layer and one Rx antenna port and optional support for 256 QAM in DL for FR1 and possibility to support HD-FDD within one carrier and optional FD-HDD support.
Proposal 9	The CN should be aware the UE is a RedCap UE during initial UE message to e.g.  support subscription validation or differentiated charging, access control, or policy control.
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Appendix: Current field descriptions in TS 38.306


	supportedBandwidthDL
Indicates maximum DL channel bandwidth supported for a given SCS that UE supports within a single CC (and in case of intra-frequency DAPS handover for the source and target cells), which is defined in Table 5.3.5-1 in TS 38.101-1 [2] for FR1 and Table 5.3.5-1 in TS 38.101-2 [3] for FR2.
For FR1, all the bandwidths listed in TS38.101-1 Table 5.3.5-1 for each band shall be mandatory with a single CC unless indicated optional. For FR2, the set of mandatory CBW is 50, 100, 200 MHz. When this field is included in a band combination with a single band entry and a single CC entry (i.e. non-CA band combination), the UE shall indicate the maximum channel bandwidth for the band according to TS 38.101-1 [2] and TS 38.101-2 [3].

NOTE:	To determine whether the UE supports a channel bandwidth of 90 MHz, the network may ignore this capability and validate instead the channelBW-90mhz and the supportedBandwidthCombinationSet. For serving cell(s) with other channel bandwidths the network validates the channelBWs-DL, the supportedBandwidthCombinationSet, the supportedBandwidthCombinationSetIntraENDC, the asymmetricBandwidthCombinationSet (for a band supporting asymmetric channel bandwidth as defined in clause 5.3.6 of TS 38.101-1 [2]) and supportedBandwidthDL.
	FSPC
	CY
	N/A
	N/A




	channelBWs-DL
Indicates for each subcarrier spacing the UE supported channel bandwidths.
Absence of the channelBWs-DL (without suffix) for a band or absence of specific scs-XXkHz entry for a supported subcarrier spacing means that the UE supports the channel bandwidths among [5, 10, 15, 20, 25, 30, 40, 50, 60, 80, 100] and [50, 100, 200] that were defined in clause 5.3.5 of TS 38.101-1 version 15.7.0 [2] and TS 38.101-2 version 15.7.0 [3] for the given band or the specific SCS entry. For IAB-MT, to determine whether the IAB-MT supports a channel bandwidth of 100 MHz, the network checks channelBW-DL-IAB-r16.
For FR1, the bits in channelBWs-DL (without suffix) starting from the leading / leftmost bit indicate 5, 10, 15, 20, 25, 30, 40, 50, 60 and 80MHz. For FR2, the bits in channelBWs-DL (without suffix) starting from the leading / leftmost bit indicate 50, 100 and 200MHz. The third / rightmost bit (for 200MHz) shall be set to 1. For IAB-MT the third / rightmost bit (for 200MHz) is ignored. To determine whether the IAB-MT supports a channel bandwidth of 200 MHz, the network checks channelBW-DL-IAB-r16.
For FR1, the leading/leftmost bit in channelBWs-DL-v1590 indicates 70MHz, the second leftmost bit indicates 45MHz, the third leftmost bit indicates 35MHz and all the remaining bits in channelBWs-DL-v1590 shall be set to 0.

NOTE:	To determine whether the UE supports a specific SCS for a given band, the network validates the supportedSubCarrierSpacingDL and the scs-60kHz.
To determine whether the UE supports a channel bandwidth of 90 MHz, the network may ignore this capability and validate instead the channelBW-90mhz and the supportedBandwidthCombinationSet. For serving cell(s) with other channel bandwidths the network validates the channelBWs-DL, the supportedBandwidthCombinationSet, the supportedBandwidthCombinationSetIntraENDC, the asymmetricBandwidthCombinationSet (for a band supporting asymmetric channel bandwidth as defined in clause 5.3.6 of TS 38.101-1 [2]) and supportedBandwidthDL.
	Band
	Yes
	N/A
	N/A



	maxNumberMIMO-LayersPDSCH
Defines the maximum number of spatial multiplexing layer(s) supported by the UE for DL reception. For single CC standalone NR, it is mandatory with capability signaling to support at least 4 MIMO layers in the bands where 4Rx is specified as mandatory for the given UE and at least 2 MIMO layers in FR2. If absent, the UE does not support MIMO on this carrier.
	FSPC
	CY
	N/A
	N/A



	supportedModulationOrderDL
Indicates the maximum supported modulation order to be applied for downlink in the carrier in the max data rate calculation as defined in 4.1.2. If included, the network may use a modulation order on this serving cell which is higher than the value indicated in this field as long as UE supports the modulation of higher value for downlink. If not included:
-	for FR1, the network uses the modulation order signalled in pdsch-256QAM-FR1.
-	for FR2, the network uses the modulation order signalled per band i.e. pdsch-256QAM-FR2 if signalled. If not signalled in a given band, the network shall use the modulation order 64QAM.
In all the cases, it shall be ensured that the data rate does not exceed the max data rate (DataRate) and max data rate per CC (DataRateCC) according to TS 38.214 [12].
	FSPC
	No
	N/A
	N/A



	pdsch-256QAM-FR1
Indicates whether the UE supports 256QAM modulation scheme for PDSCH for FR1 as defined in 7.3.1.2 of TS 38.211 [6].
	UE
	Yes
	No
	FR1 only



	pdsch-256QAM-FR2
Indicates whether the UE supports 256QAM modulation scheme for PDSCH for FR2 as defined in 7.3.1.2 of TS 38.211 [6].
	Band
	No
	N/A
	FR2 only
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