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1. Introduction
In the last RAN2 meeting [1], following agreements have been made on how to define and constrain reduced capabilities for RedCap UEs:

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;

From above agreements, the need for device type awareness to network has been confirmed and the existing UE capabilities framework should be used as baseline for the reduced capabilities signalling framework. But whether the device type is based on explicit or implicit signal, whether to signal the device type or the reduced set of capabilities and whether device type is indicated as part of UE capability are FFS. 
This contribution discusses the capability framework on how to define the UE type for RedCap with reduced capabilities and whether or how to signal the device type for RedCap UEs.
2. Discussion
Although the existing UE capabilities framework is still used as the baseline for reduced capabilities signalling, the concept of device type is introduced, and the number of device types should be minimised to reduce market fragmentation. 
RAN1 has been studying UE complexity reduction features [2], including:
· Reduced number of UE RX/TX antennas

· UE Bandwidth reduction 

· Half-Duplex-FDD 

· Relaxed UE processing time 

· Relaxed UE processing capability 

There may be negative impacts due to some of the features on performance, coexistence with legacy UEs or gNB behaviours from the initial access procedure. For instance, the reduced number of Rx/Tx antennas may result in gNB scheduling repetition transmissions to the RedCap UEs depending on solutions and enhancements of compensating for the coverage and spectral efficiency loss. There may be performance impact to legacy UEs or special handling for RedCap UEs in FR1 due to bandwidth reduction from 100MHz to 20MHz. And half-duplex FDD or relaxed UE processing time may increase the complexity of gNB scheduler. While relaxing UE processing capability including modulation, MIMO layers, HARQ process numbers may not have obvious impacts on performance, coexistence with legacy UEs or gNB behaviours.  
For the motivation of reducing market fragmentation, the number of device types should be minimized as much as possible. The reduced capabilities used to define the device types may only include the features that are common to the RedCap UEs, i.e. the minimal requirement to all the RedCap UEs on FR1 or FR2, such as the capabilities for bandwidth, number of Tx/Rx antennas and duplex mode, etc. Some of the common features are likely to effect gNB handling from stage of initial access e.g. msg2, msg3 and msg4. 
However, the device type is also supposed to control UE access and constrain UEs to be used only for the intended use cases, it’s necessary that the reduced capabilities defining device types include the capabilities that are various between different levels among the RedCap UEs depending on e.g. use cases, such as modulation orders, MIMO layers, TB sizes, etc., resulting in different data rates. 
Proposal 1: The reduced capabilities used to define the device types include the features that are common to all the RedCap UEs within particular frequency range as well as the relaxed capabilities that depend on use cases or data rates.
The existing UE capabilities framework is used as baseline to indicate the capabilities of a RedCap UE. As whether and how to signal the device type, there are potential approaches to be used:

Alt.1: 
The device type indication (explicit or implicit) is not signalled and the device type can be derived from the reduced UE capabilities that are delivered through the UE capabilities information.
Regarding alt.1, the device type is only a concept captured in specification, and the indication is not transferred to the network explicitly or implicitly. The reduced capabilities are always transmitted through the UE capability signalling, the network can work out the device type from the signalled UE capabilities for access restriction. Limited specification work is expected, however, the network won’t know the UE is a RedCap UE until receiving the UE capability information. 

Alt.2: 

The device type indication (explicit or implicit) is always signalled, the reduced UE capabilities are not delivered through the UE capabilities information.
The network can derive the reduced capabilities from the device type indication and it can be aware of RedCap UEs and the capability level or use case of the UE. Then the network can carry out access restriction accordingly. Implicit identification by separate RACH resource for msg1 is used depending on whether special handling of msg2/msg3 for RedCap UEs is necessary. Otherwise, extra connection setup cause in msg3 or a special field introduced in msg5 is needed as the explicit indication. The problem is that if several device types are defined, multiple RACH resource partitions should be designed or multiple causes of connection setup would be introduced for explicit indication, which will result in excessive specification effort. E.g. there is size limitation in msg3, but this approach would need more bits. The optimization could be the combined indication through msg1/msg3 and msg5, e.g. msg1/msg3 is used to differentiate RedCap UEs from legacy R15/R16 and non-Redcap R17 UEs and msg5 indicates network the capability level or use case of the RedCap UE. The approach will make RedCap UEs identified and let reduced capabilities available to network at early stage before UE capability information and mostly save the signalling overhead.   
Alt.3: 
The device type indication (explicit or implicit) is signalled and the reduced UE capabilities are always delivered to network through UE capabilities information.
The reduced capabilities can be derived from the device type indication and UE capabilities information of legacy NR. To avoid multiple RACH resource partitions or introducing multiple causes of connection setup, in Alt.3, only the common capabilities reduced for all the RedCap UEs on FR1 or FR2 are derived by the device type indication, such as bandwidth, number of Tx/Rx antennas. The device type indication is used to identify RedCap UEs. Other relaxed set of capabilities that vary among RedCap UEs can be derived from UE capabilities information as in legacy NR, which are used to separate different levels or use cases within RedCap UEs. The network is aware of RedCap UEs from the device type indication and the capability level or use case of the UE at the UE capabilities information reception.
As RAN1 has been discussing the RedCap identification, it is studying whether it’s essential for the network to be aware of RedCap UEs from msg1. RAN2 should wait for the result from RAN1. If RAN1 confirms that RedCap UEs should be identified by msg1 resource, the device type is indicated through msg1, the gNB can at least derive the common capabilities reduced for RedCap UEs.
Proposal 2: If RAN1 confirms that RedCap UEs should be identified by msg1 resource, the device type is indicated through msg1.
Otherwise, if the result from RAN1 shows that the identification in msg1 is not necessary, RAN2 is to discuss whether the RedCap UE is identified at early stage before the UE information siganlling. If there is special handling of msg4/msg5 for RedCap UEs, from RAN2 perspective the device type can be indicated by msg3, otherwise, msg5 can be used. The device type indication is used to identify RedCap UEs to make the common reduced capabilities available at early stage before UE capability information and save some signalling overhead.
Proposal 3: If RAN1 determines the identification in msg1 is not necessary, explicit indication for the device type through msg3/msg5 should be introduced.
Alt.1 is supposed to be excluded, alt.2 or alt.3 are considered. To control UE access and constrain UEs to be used only for the intended use cases, network also has to derive the use case or capability level of the UE. RAN2 should study on how the RedCap UEs deliver the used case or capability level. In our opinion, both approaches of alt.2 and alt.3 can be studied, i.e. deriving that information from the UE capability signal or at earlier stage from msg3/msg5. Msg5 can be used, msg3 may not be suitable due to the limited size, and the relaxed capabilities in the UE capability information can also be considered. 
Proposal 4: RAN2 should study on how the information of the use case or capability level for a RedCap UE is delivered. It is FFS the msg5 or the relaxed capabilities in the UE capability information should be used.
3. Conclusion
In this contribution we have discussed the capability framework on how to define the UE type for RedCap with reduced capabilities and whether or how to signal the device type for RedCap UEs. We have the following proposals:
Proposal 1: The reduced capabilities used to define the device types include the features that are common to all the RedCap UEs within particular frequency range as well as the relaxed capabilities that depend on use cases or data rates.
Proposal 2: If RAN1 confirms that RedCap UEs should be identified by msg1 resource, the device type is indicated through msg1.
Proposal 3: If RAN1 determines the identification in msg1 is not necessary, explicit indication for the device type through msg3/msg5 should be introduced.

Proposal 4: RAN2 should study on how the information of the use case or capability level for a RedCap UE is delivered. It is FFS the msg5 or the relaxed capabilities in the UE capability information should be used.
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