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1 Introduction
According to the latest RedCap WID [1], there are the following objectives
	· 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.


In this contribution, we discuss capability definition for RedCap UE, including UE type definition, capability framework and higher layer capability reduction.
2 Discussion
2.1 RedCap UE type definition
According to the current specification, a legacy UE uses the initial DL BWP bandwidth after reception of RRCsetup/RRCresume/RRCreestablishment message, which means the network can configure larger UE specific CORESET for subsequent DL/UL scheduling in RRCsetup message, which may exceeding 20MHz. Although RedCap relevant capabilities can be obtained by the network after capability reporting or capability enquiry procedure, if the supported bandwidth of the RedCap UE is not known by the network, the network may configure a UE specific CORESET which the RedCap UE does not support.
From RedCap UE identification point of view, the definition of the Redcap UE should ensure that the network schedules the Redcap UE only on supported bandwidth. Therefore, the supported bandwidth can be the typical capability for RedCap UEs among those reduced capabilities. We propose to first capture the RedCap UE in the “Definitions” sub-clause (sec. 3.1) of specifications. 
Proposal 1a: Capture the definition of a RedCap UE in the “Definitions” sub-clause of specifications. 
Proposal 1b: Capture “RedCap UE: the UE mandatorily supporting maximum bandwidth 20MHz in FR1 and 100MHz in FR2, and other reduced capabilities specified in 38.306” (wording details can be updated in running CR stage).
2.2 Capability framework
Previous discussion proposed the following capability design principle alternatives for RedCap UE:
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
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).
Alternative 1 reuse the current NR capability framework with special handling of reduced capability of RedCap UE,   while Alternative 2 redefines a new UE capability container for RedCap UEs. As we analysed in Appendix of [2], except for the duplex mode, the other UE complexity reduction features has been supported by the current capability framework. Furthermore, the current capability framework has support to indicate 1 or 2 DL MIMO layer,   DL 256 QAM, lower data rate, and no support of CA & DC. Although the existing bandwidth indication method (including the bitmap indication method and existing bandwidth related capability parameters) cann’t indicate 20M bandwidth be mandatory and 100M bandwidth not being supported, the issue can be solved by associating the mandatory support of 20M bandwidth with the RedCap UE type. In contrast, Alternative 2 needs us to review all capabilities and redefine a new UE capability IE for RedCap UEs, which needs more standardisation effort. So, it is proposed to consider Alternative 1 as the capability design principle for RedCap UEs.
Proposal 2: RAN2 confirm to use the existing UE capability framework for RedCap (i.e. alternative 1 in the SI phase).

According to Alternative 1, the capability of RedCap UE that are different from those non-RedCap UEs needs to list in the specification. We think those different capability include three aspects.

· For RedCap UE’s mandatory features, if the feature is optional for non-RedCap UE (e.g. 20M maximum bandwidth for FR1 and 100M maximum bandwidth for FR2), or newly introduced for RedCap UE, it is necessary to clarify in specs.
· For RedCap UE’s optional features, if the feature is mandatory for non-RedCap UEs, or newly introduced in R17 for RedCap UEs, such as HD-FDD and 1Rx/2Rx in some 4Rx mandatory bands, it is natural to add new UE capability signalling in TS 38.331; if the feature is optional for non-RedCap UEs with different value(s), such as the maximum number of DRBs, the legacy UE capability signalling in TS 38.331 can be extended or add new capability signalling. At the same time, they needs to be clarified in specification.
· For features not applicable to RedCap UEs but optional supported for non-RedCap UEs, such as carrier aggregation and dual connectivity, or mandatory supported for non-RedCap UEs, such as 100M bandwidth for FR1 and 200M bandwidth for FR2, it should be clarified in specification.
To make RedCap UE capability framework clear, similar to IAB, a new section can be added in 38.306 to capture RedCap specific features, including mandatory and optional capability for RedCap UEs, and capability not applicable to RedCap UE. The following table provides a summary of RedCap UE capability.
Table 1 Summary of RedCap UE capability

	RedCap UE’s capability
	Cases
	Example
	Action

	Mandatory capability without signalling features
	Same to non-RedCap UE
	Most of mandatory capability for non-RedCap UE, e.g. waveform, subcarrier spacing, basic initial access channels and procedures……
	Reuse by default

	
	mandatory with capability signalling for non-RedCap UE
	20M bandwidth for FR1, 100M bandwidth for FR2;


	Clarify in TS 38.306 in the new section for RedCap UEs



	
	mandatory without capability signalling but with different value(s) for non-RedCap UE
	No, so far
	

	
	Optional for non-RedCap UE
	No, so far
	

	
	Newly introduced in R17
	No, so far
	

	Optional capability
	Same to non-RedCap UE
	Extended CP, SSB based SINR measurement……
	Reuse by default

	
	Optional for non-RedCap UE, but with different value
	No, so far
	add new UE capability signalling in TS 38.331 and capture them in the new section for RedCap UEs in TS 38.306

	
	optional for non-RedCap UE but with different value
	No, so far
	

	
	mandatory without capability signalling for non-RedCap UEs
	No, so far
	

	
	Newly introduced
	HD-FDD;

1Rx/2Rx in some band in which non-RedCap UE needs to support 4Rx
	

	Capability not applicable to RedCap UE
	Mandatory without signalling for non-RedCap UE
	bandwidths above 100MHz for FR2
	Clarify in TS 38.306 in the new section for RedCap UEs



	
	Optional for non-RedCap UE
	CA, DC related capability; 

256QAM;


	


Proposal 3a: Add new section for RedCap UE in TS 38.306, to capture at least RedCap UE’s specific capabilities.
Proposal 3b: Specify RedCap UE capabilities according to the principles below:

3-1: For RedCap UE’s mandatory without signalling features, which are optional or mandatory with capability signalling or mandatory without capability signalling but with different value(s) for non-RedCap UE (e.g. 20M bandwidth for FR1 and 100M bandwidth for FR2) or newly introduced in R17 (if any), clarify in TS 38.306 in the new section for RedCap UEs;
3-2: For RedCap UE’s optional features, which are mandatory without capability signalling for non-RedCap UEs (if any), or newly introduced in R17 for RedCap (e.g. HD-FDD, 1Rx/2Rx in some 4Rx mandatory band), add new UE capability signalling in TS 38.331 and capture them in the new section for RedCap UEs in TS 38.306;
3-3: For RedCap UE’s optional features, which are optional for non-RedCap UE but with different value (if any), either add new capability signalling or extend the legacy capability signalling, and also capture them in TS 38.306;
3-4: For the features not applicable to RedCap UE but optional supported or mandatory supported with capability signalling by non-RedCap UE, clarify in the definitions for parameters in TS 38.306 that “This capability is not applicable to RedCap UE” (e.g. CA, DC, 256QAM);
3-5: For the features not applicable to RedCap UE but mandatory without capability signalling supported by non-RedCap UE, clarify in TS 38.306 in the new section for RedCap UEs (e.g. bandwidths above 100MHz for FR2).

Proposal 3c: RAN2 to discuss whether legacy UE’s mandatory features with capability signalling become optional features or maintain as mandatory with capability signalling for RedCap UE in R17.
2.3 NW awareness of the RedCap UEs
In order to let the network know whether the UE is a RedCap UE or not for proper handling of the UE capabilities, the following options can be considered:

Option 1: RedCap device type is indicated as part of the capability signalling.

Option 2: Define a new IE specifically for RedCap UEs containing the RedCap-specific capabilities. The IE is included in the signalling only by Redcap UEs.

Option 3: The network identifies RedCap UEs based on the appropriate identification solution, e.g. during Msg1, Msg3, MsgA, etc, (pending RAN1 conclusion). The RedCap UE identification is forwarded it to the target gNB during handover. 

Option 4: The network identifies RedCap UEs based on the reported capabilities, assuming the identification can be done through RedCap-specific capabilities not used by non-RedCap UEs.

For Option 3, it requires the gNB to associate the UE type identified during RACH with the capability container obtained after the UE enters RRC_CONNECTED, which bring complexity when the network stores the UE capability. Moreover, if a RedCap UE is handed over from LTE to NR, there will be no UE type information. Option 1 relies on an explicit indication for RedCap UEs and Option 2 and 4 rely on an implicit identification of RedCap UEs via some specific capabilities or specific capability parameters. In our view, currently, although 1Rx/2Rx and HD-FDD capability indicator may be introduced, 1Rx/2Rx capability indicator may just be used for some specific bands and HD-FDD capability is optional for RedCap UEs. So, it is very difficult to distinguish RedCap UEs from other UEs with option 2/4 in the case that a RedCap UE does not support any RedCap specific optional capability. Hence Option 1 seems to be more feasible.
Proposal 4: A RedCap device type should be indicated explicitly as part of the capability signalling (even in the case a RedCap UE does not support any RedCap specific optional capability).
Since the RedCap UEs may be barred or not supported in some cells, the RedCap UEs may not work normally during handover. Without knowing the capability or operating policies of the target gNB, the source gNB may handover a RedCap UE to a cell which does not support/ allow the access to RedCap UEs. 
In that case, the target gNB may use the higher capability supported by the RedCap UE to serve this UE, which may results in failure.

Therefore, it is necessary to discuss how to ensure RedCap UE are handed over to gNBs which supports RedCap UEs.
Proposal 5a: It should be ensured that source gNB only handover RedCap UE to a target gNB supporting RedCap UEs.
Proposal 5b: Send LS to RAN3 to discuss the solution for Proposal 5a.
2.4 Higher layer capability reduction

In current specification, the capability of maximum number of DRBs is mandatory without signalling and it is constrained that 16 DRBs shall be supported per UE in TS 38.306. The large number of DRBs to be mandatorily supported contributes to the support of multiple traffic types. However, according to the use cases of RedCap UEs, the traffic types of RedCap UEs will be limited. Moreover, the larger number of DRBs mandatorily supported will increase the cost of memory, which doesn’t match the original intention of introducing RedCap UEs. Hence, it is proposed to consider to reduce the number of DRBs to be mandatorily supported by RedCap UEs. 

Proposal 6: Consider to reduce the number of DRBs mandatorily supported by RedCap UEs. 
Currently, the length of the PDCP SN and the RLC AM SN is configurable to be 12 bits or 18 bits where the 18-bit capability is mandatory without signalling. This field is used to number the PDCP/RLC SDUs and determine the reordering or transmitting/receiving window, which essentially reflects the buffer size capability. Considering that the required peak data rates for RedCap UEs are lower, that the size of the buffer supported by RedCap UEs can also be reduced, and we do not see it is necessary for RedCap UEs to support the 18-bit SN capability as legacy UEs. Hence, it is proposed to consider reducing the length of PDCP SN and RLC AM SN to be mandatorily supported by RedCap UEs. For instance, Redcap UEs can be mandated to support 12-bit SN instead of 18-bit.
Proposal 7: Consider to reduce the length of PDCP and RLC AM sequence number to be mandatorily supported for RedCap UE (e.g. mandatory 12-bit SN).
The current L2 buffer size is calculated based on UL/DL peak data rate and RTT time, and the UL/DL peak data is calculated based on bandwidth, modulation order, and numerology and so on. Since the bandwidth and maximum modulation order of RedCap UE has been reduced, the DL/UL peak data and the L2 buffer size of RedCap UE also will be reduced accordingly. The motivation of further reducing this value is not clear. Furthermore, it should be avoided to modify the basic logic of the current L2 buffer size definition in TS 38.306.
Proposal 8: Do not consider to further reduce the L2 buffer size calculated in TS 38.306.
The relaxation of RRC processing delay will lead to longer RRC configuration fuzzy time, which is not beneficial for the resource scheduling efficiency of the network. Moreover, the necessity to relax processing time is not clear, and the advantage on the cost saving arising from relaxed RRC processing delay seems trivial compared to other capability reductions. Note that if relaxation of RRC processing delay is allowed, identifying RedCap UE before Msg 4 is necessary because RedCap UEs and non-RedCap UEs will have different processing time on Msg4. 
Proposal 9: Do not consider to relax the RRC processing delay for RedCap UEs.
3 Conclusion

In this contribution, we discussed capability definition for RedCap UE. Corresponding observations and proposals are listed as below:

Proposal 1a: Capture the definition of a RedCap UE in the “Definitions” sub-clause of specifications. 

Proposal 1b: Capture “RedCap UE: the UE mandatorily supporting maximum bandwidth 20MHz in FR1 and 100MHz in FR2, and other reduced capabilities specified in 38.306” (wording details can be updated in running CR stage).
Proposal 2: RAN2 confirm to use the existing UE capability framework for RedCap (i.e. alternative 1 in the SI phase).

Proposal 3a: Add new section for RedCap UE in TS 38.306, to capture at least RedCap UE’s specific capabilities.

Proposal 3b: Specify RedCap UE capabilities according to the principles below:

3-1: For RedCap UE’s mandatory without signalling features, which are optional or mandatory with capability signalling or mandatory without capability signalling but with different value(s) for non-RedCap UE (e.g. 20M bandwidth for FR1 and 100M bandwidth for FR2) or newly introduced in R17 (if any), clarify in TS 38.306 in the new section for RedCap UEs;

3-2: For RedCap UE’s optional features, which are mandatory without capability signalling for non-RedCap UEs (if any), or newly introduced in R17 for RedCap (e.g. HD-FDD, 1Rx/2Rx in some 4Rx mandatory band), add new UE capability signalling in TS 38.331 and capture them in the new section for RedCap UEs in TS 38.306;

3-3: For RedCap UE’s optional features, which are optional for non-RedCap UE but with different value (if any), either add new capability signalling or extend the legacy capability signalling, and also capture them in TS 38.306;
3-4: For the features not applicable to RedCap UE but optional supported or mandatory supported with capability signalling by non-RedCap UE, clarify in the definitions for parameters in TS 38.306 that “This capability is not applicable to RedCap UE” (e.g. CA, DC, 256QAM);

3-5: For the features not applicable to RedCap UE but mandatory without capability signalling supported by non-RedCap UE, clarify in TS 38.306 in the new section for RedCap UEs (e.g. bandwidths above 100MHz for FR2).

Proposal 3c: RAN2 to discuss whether legacy UE’s mandatory features with capability signalling become optional features or maintain as mandatory with capability signalling for RedCap UE in R17.
Proposal 4: A RedCap device type should be indicated explicitly as part of the capability signalling (even in the case a RedCap UE does not support any RedCap specific optional capability).

Proposal 5a: It should be ensured that source gNB only handover RedCap UE to a target gNB supporting RedCap UEs.
Proposal 5b: Send LS to RAN3 to discuss the solution for Proposal 5a.
Proposal 6: Consider to reduce the number of DRBs mandatorily supported by RedCap UEs. 

Proposal 7: Consider to reduce the length of PDCP and RLC AM sequence number to be mandatorily supported for RedCap UE (e.g. mandatory 12-bit SN).
Proposal 8: Do not consider to further reduce the L2 buffer size calculated in TS 38.306.
Proposal 9: Do not consider to relax the RRC processing delay for RedCap UEs.
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