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1 Introduction
The SID on reduced capability (RedCap) devices [1] includes the following objective for study:
Study standardization framework and principles for how to define and constrain such reduced capabilities – considering definition of a limited set of one or more device types and considering how to ensure those device types are only used for the intended use cases.
In this contribution, we elaborate on why limiting the set of RedCap device types is important and how such a RedCap device type can be defined.
2 Discussion
The UE capability framework in NR is significantly different from LTE. In LTE, UE categories were used to associate a set of features with an identifier. These identifiers were signalled to the network to indicate the minimum set of capabilities that a UE supported. In NR however, the UE’s support of features are individually signalled to the network. This framework is a sensible approach for NR, in the context of being one technology that can be deployed in several scenarios (eMBB, URLLC and so on). NR needs to be flexible to allow for operation in deployments with differing requirements. However, along with this flexibility in the framework comes the drawback that it is ill-suited to define a device type as indicated in the SI objective.
Observation 1: The NR UE capability framework is very flexible resulting in it being ill-suited to define a device type.
2.1. Why is it important to limit the set of RedCap device types?
A question that naturally arises when going through the objective is: why is it important to limit the set of RedCap device types? The answer is that it comes down to cost. 
With the work on RedCap, 3GPP is attempting to allow NR to address market segments where extremely high data rates are not important. These market segments include wearables such as smart watches, factory sensors such as temperature monitors, and other connected devices such as cameras. The data requirements of these devices lie somewhere between eMBB devices (e.g. smartphones) and mMTC devices (e.g. power meters), and the natural expectation is that RedCap device cost will correspondingly lie somewhere between the two. 
Smartphones are extremely capable computing devices with excellent connectivity that are sold at increasingly lower costs. These devices are affordable because of the volumes at which these devices are sold: global smartphone sales are now over 1.5 billion devices annually [2]. The price of a smartphone is brought down by leveraging this economy of scale. If we were to re-use the existing flexible NR framework for RedCap, we could define bespoke NR UEs tailored to reduce component costs for each market segment that it addresses. However, the downside with such an approach is that we would end up fragmenting the RedCap market, resulting in a loss of economies of scale, which in turn negates all component cost optimisations. This is the reason why it is important to limit the set of RedCap device types – ideally to just one.
Observation 2: For truly meaningful cost reductions with RedCap, market fragmentation must be avoided to preserve economies of scale.
Observation 3: Market fragmentation is avoided by limiting the set of RedCap device types.
Having a single RedCap device type also helps ease inter-operability testing and network deployment. In our accompanying paper [3], we outline the reasons why it is important that the network indicates its support of RedCap operation. The short answer is that the RedCap UE should only camp onto cells that actually support RedCap operation to avoid issues during an access attempt. If RedCap operation is associated with a single device type (rather than a mix of various optional features), it simplifies the set of checks needed prior to camping onto a cell. This would ease inter-operability testing and thereby lower the barrier for RedCap uptake.
Observation 4: Limiting the set of RedCap device types also lowers the barrier for RedCap deployment.
2.2 How can a RedCap device type be defined?
The next question that arises is: how can a RedCap device type be defined. The answer lies in the other objectives of the study item.
The other SI objectives aim to reduce the RedCap device cost by reducing its component costs. These include reducing the UE’s operating bandwidth, number of antennas supported and so on. As an example, the bandwidth that a UE is mandated to support in Rel-15 for band n41 is 100MHz. This is the baseline required of all NR devices in Rel-15 and being a minimum capability expected of all NR devices, it is not signalled as part of UE capabilities. For a Redcap UE, the bandwidth requirement is expected to be reduced down to 20MHz. This introduces a new (lower) baseline requirement for NR devices in Rel-17. The set of features in RedCap that reduce mandatory minimum capabilities of a legacy NR device can be grouped together to define a RedCap UE device type. 
Such a device type definition would indicate the new mandatory minimum capability set expected of an NR device. Having a baseline device type helps avoid market fragmentation if it is defined such that it can work for all market segments it is intended for. Additionally, having a single lower minimum capability set helps ease network deployment as the new common baseline can be used for planning network coverage and capacity. Furthermore, an identifier associated with this new minimum capability set can also be used to indicate network support of RedCap UEs, as well as to identify a RedCap UE to the network as outlined in [3].
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3 Conclusion
In this contribution we observe that:
Observation 1: The NR UE capability framework is very flexible resulting in it being ill-suited to define a device type.
Observation 2: For truly meaningful cost reductions with RedCap, market fragmentation must be avoided to preserve economies of scale.
Observation 3: Market fragmentation is avoided by limiting the set of RedCap device types.
Observation 4: Limiting the set of RedCap device types also lowers the barrier for RedCap deployment.
Based on the observations above, we propose:
Proposal 1: The set of RedCap features that reduce mandatory minimum capabilities of a legacy NR device are grouped together to define a RedCap UE device type.
4 References
[1]. [bookmark: _Ref46858437]RP-201386 - Revised SID on Study on support of reduced capability NR devices (Ericsson)
[2]. https://www.statista.com/statistics/263437/global-smartphone-sales-to-end-users-since-2007/
[3]. [bookmark: _Ref46908849]R2-2007493 - On UE identification and access restrictions (MediaTek)



