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1. Introduction
In the RAN #86 meeting, the study item on support of reduced capability NR devices was approved. The most recent update of the SID can be found in [1] from which the objectives relevant to the discussion in this Agenda Item are copied below:
	Identify and study potential UE complexity reduction features, including [RAN1, RAN2]: 
· Reduced number of UE RX/TX antennas
· UE Bandwidth reduction 
Note: Rel-15 SSB bandwidth should be reused and L1 changes minimized 
· Half-Duplex-FDD 
· Relaxed UE processing time 
· Relaxed UE processing capability 
The study includes evaluations of the impact to coverage, network capacity and spectral efficiency
Note1: The work defined above should not overlap with LPWA use cases. The lowest data rate and bandwidth capability considered should be no less than an LTE Category 1bis modem.
…
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 [RAN2, RAN1].
Study functionality that will allow devices with reduced capabilities to be explicitly identifiable to networks and network operators, and allow operators to restrict their access, if desired [RAN2, RAN1].
…
[bookmark: _Hlk26857702]Note3: Coexistence with Rel-15 and Rel-16 UE should be ensured
Note4: This SI should focus on SA mode and single connectivity


In this contribution, we discuss the framework to support the reduced capability NR devices in NR network at a high level. 
2. Discussion
2.1. Single vs. multiple device types
For the three main use cases of the reduced capability NR devices, a high-level summary of the generic and the use case specific requirements is presented in Table 1. 
[bookmark: _Ref40385077]Table 1 High-level summary of the requirements per use case
	Use cases
	Complexity
	Form factor
	Bit rate  (Mbps)
	Latency (ms)
	Mobility
	Battery Life

	Industrial Wireless Sensor
	Very low
	Very small
	A few
	Tens of /
A few 1)
	Stationary
	Years

	Video
Surveillance
	Low 2)
	Small to Medium
	A few /
Tens of
	Hundreds of
	Stationary
	

	Wearables
	Low 2)
	Small
	Tens of
	
	Mobile
	Weeks


1) Safety related sensors
2) Low complexity compared to the normal NR device
As summarized in Table 1, the requirements are quite diverse especially in terms of peak bit rate (Mbps) which is one of the factors dominating the device cost and complexity. The peak bit rate ranges from a few (or ~ 10) MHz to more than a hundred MHz in which case the required bandwidth should be at least 20MHz at the minimum to cover all the use cases with a single device type. With that understanding, it is quite reasonable to discuss at an early stage of the SI/WI whether to support the three use cases with a single device type or multiple device types.
[bookmark: _GoBack]Proposal 1: Discuss whether to support the three target use cases of the reduced capability NR devices with a single device type or multiple device types.
The single device type has the advantage of lower signaling overhead while it has the disadvantage in terms of the amount of cost reduction. The multiple device types have the advantage that the functions can be tightly optimized as per the target use case and very low cost device becomes possible e.g., for the IWS (Industrial Wireless Sensor) use case. The disadvantage would be the signaling overhead and perhaps testing complexity.
There had been a discussion on whether separate requirements for the low-end wearables would be needed before and during RAN#88-e meeting. After a debate, simple changes regarding reference and peak bit rates were made in RAN#88-e meeting as a compromise. In our view, the compromise was not made in favor of low-end wearables, as there is no sufficient cost/complexity reduction foreseen for wearables unless the peak rate for the wearable use case is reduced which may not feasible from the perspective of high-end wearables. Regarding the discussion on whether to support the low-end wearables as a separate device type or not, our suggested way forward to make a progress would be to discuss first whether we support the three diverse use cases in the SID with a single device type or with multiple devices types. If we converge on a single device type, it only makes sense to support the wearables by a single device as it doesn’t make much sense to define a separate device type only for low-end wearables. Otherwise, i.e., if multiple device types are supported, it should be okay to split device types further among the wearable devices if the economy of scale says it is okay.
2.2. Framework
If multiple device types are to be introduced, one example for categorizing device types would be to categorize devices into multiple device types based on the peak data rate as it seems to be the most discernible parameter for the three target use cases. The problem would then be how to link each of the types to the many features relevant to the use cases for the reduced capability NR devices and how to specify the linkage in the spec. The complication here is the typical trade-off among many use case specific requirements and among the relevant features. The highest peak data rate for smart watch, for example, only comes at the cost of large amount of memory for data processing which adds to the manufacturing cost.
In LTE, devices were categorized into many UE categories (maybe too many) resulting in market segmentation without a clear benefit. In NR, we didn’t inherit the concept of the UE categories as it may hinder the early deployment of NR devices. Now in Rel-17, we start to discuss a new device type, especially for low cost/complexity devices and ponder on which way is better in terms of efficiency, signaling overhead, specification impact, and so on. We also have to take into account future proofing when we discuss the framework on how to introduce different types of devices in NR network. The following two high level alternatives are suggested for further discussion.
·  Alt. 1 stick to the NR framework which would be just added NR features with the NR capability reporting framework 
·  Alt. 2 define a field for reporting the device type and the corresponding set of capability parameters with predefined values (per device type) (similar to LTE ue-Category) 
Proposal 2: For framework to support reduced capability NR devices, further discuss between the two alternatives above.
Although we think the discussion on whether to support the three target use cases of the reduced capability NR devices with a single device type or multiple device types should be made at an early stage of the SI/WI, the discussion on the framework may be deferred to a later stage if no specification impact on RAN1 is expected at an initial stage.
3. Conclusion
In this contribution, we discussed the framework to support the reduced capability NR devices in NR network at a high level.
Proposal 1: Discuss whether to support the three target use cases of the reduced capability NR devices with a single device type or multiple device types.
Proposal 2: For framework to support reduced capability NR devices, further discuss between the two alternatives in Clause 2.2.
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