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1	Introduction
The study on the support of reduced capability NR devices [1] includes the following objective:
	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].



In RAN1#102e, these issues were discussed and the below two agreements were made [2][3]: 
	Agreements:
· Studying how to constrain RedCap devices to be used only for the intended use cases is deprioritized in RAN1

Agreements:
· Discussion on whether to study CA case is deprioritized for reduced capability UEs in Rel. 17 SI and it will not start until maximum UE channel bandwidth is clear.




RAN2#111e also discussed the issues related to reduced capability signalling framework and made the following agreements [2]:
	Agreements:
· 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.
· 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)
· 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
· 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;



[bookmark: _Hlk52978111]Since the study regarding how to constrain RedCap devices to be used only for the intended use cases is deprioritized in RAN1, in this contribution we focus on the issue related to device type definition. For the discussion of this paper, the notion of RedCap device type is used to represent a combination of certain UE capabilities or features. The notion of RedCap device type does not imply that a new device type signalling framework needs to be created, although that could be an option to be studied or discussed. The existing UE capability signalling framework might still be used to convey the reduced UE capabilities supported by a RedCap UE.
[bookmark: _Ref178064866]2	Definition of the RedCap UE type
The RedCap device type is used to represent a combination of certain reduced UE capabilities. According to [2], the reduced UE capabilities, compared to legacy NR UEs, prioritized for the RedCap study are
· Reduced number of UE Rx/Tx antennas
· UE bandwidth reduction
· Half-duplex FDD operation
· Relaxed UE processing time
· Reduced number of DL MIMO layers
· Relaxed DL modulation
· Relaxed UL modulation

Which of these reduced capabilities will be recommended will depend on the trade-off between cost saving benefits and impacts such as performance, coexistence and specification impacts.
Regarding which components to be included in the RedCap UE type definition, we consider the following options.
Option 1: All the reduced capabilities recommended at the end of the RedCap study are included.
This option helps maximize the economy of scale and provide a complete clarity regarding what performance, in terms of data rate, latency, and reliability, can be expected from a RedCap device. If a UE has additional or advanced capabilities beyond the set of mandatory capabilities, the UE can use the capability signalling mechanism to convey such information.
Option 2: Only include the reduced capabilities that the network needs to know during initial access.
Such components may include bandwidth and number of UE Rx antennas, because these components impact resource allocation and coverage during initial access. One drawback is that this might result in a large number of RedCap UE capabilities and features combinations in the market as different vendors may have different choices regarding those reduced capabilities not included in the RedCap type definition. An additional drawback is that if there are additional RedCap capabilities not included in the RedCap UE type definition, the gNB would need to fetch such capability information either from UE, or more typically from the core network. This results in additional signalling and latency.
In summary, we see several advantages to include all mandatory RedCap features in the RedCap UE type definition. As mentioned, if a UE has additional or advanced capabilities beyond the set of mandatory capabilities, the UE can use the capability signalling mechanism to convey such information.
Option 3: Include all the recommended reduced capabilities as well as recommended power saving features.
Compared to option 1, this option further adds clarity regarding what energy efficiency performance can be expected from a RedCap device. The recommended power saving features may include both RAN1 and RAN2 features. However, the requirements on energy efficiency vary very much among the different RedCap use cases. Furthermore, the power saving features under consideration do not need to have impact on UE hardware. They have little implication on UE cost. Thus, power saving features may not need to be included as mandatory features in the first place.
Therefore, among these three options, Option 1 is the most attractive whereas option 3 is the least attractive.
3	Number of RedCap device types
As indicated in the RAN2 agreement, the number of device types should be minimised, to reduce market fragmentation. In our view, the economy of scale is an important consideration for a lower-end UE market segment. Thus, we fully support this RAN2 agreement.
The target use case requirements, in terms of data rate, latency, and reliability, for the three RedCap intended use cases, industrial sensors, wearables, and video surveillance, are shown below:
	Use case specific requirements: 
· Industrial wireless sensors: Reference use cases and requirements are described in TR 22.832 and TS 22.104: Communication service availability is 99.99% and end-to-end latency less than 100 ms. The reference bit rate is less than 2 Mbps (potentially asymmetric e.g. UL heavy traffic) for all use cases and the device is stationary. The battery should last at least few years. For safety related sensors, latency requirement is lower, 5-10 ms (TR 22.804)
· Video Surveillance: As described in TR 22.804, reference economic video bitrate would be 2-4 Mbps, latency < 500 ms, reliability 99%-99.9%. High-end video e.g. for farming would require 7.5-25 Mbps. It is noted that traffic pattern is dominated by UL transmissions.
· Wearables: Reference bitrate for smart wearable application can be 5-50 Mbps in DL and 2-5 Mbps in UL and peak bit rate of the device higher, up to 150 Mbps for downlink and up to 50 Mbps for uplink.  Battery of the device should last multiple days (up to 1-2 weeks).



In our view, a great majority of wearable use cases can be satisfied with data rates up to 50 Mbps in both DL and UL. Then, considering the cost reduction techniques under consideration in RAN1, particularly the maximum UE bandwidth options such as 20 MHz in FR1 and 50 MHz or 100 MHz in FR2, it is enough to define only one device type per frequency band.
[bookmark: _Toc53800255]In the conclusion of the TR, capture the recommendation that it is enough to define only one device type per frequency band.
However, the exact definition in terms of UE capabilities may vary between different bands. For example, the number of UE antennas in the RedCap UE type definition may vary in different FR1 bands. This may be driven by the consideration of balancing the trade-off between UE cost reduction and coverage loss. One possibility is that for the operation bands that require 4 Rx, RedCap UEs only need to support 2 Rx, and for the operation bands that require 2 Rx, RedCap UEs only need to support 1 Rx. However, when the RedCap type is indicated by a UE, the network can unambiguously infer the reduced capabilities of the UE in the band it operates.
[bookmark: _Toc53800257]The exact definition of RedCap type in terms of UE capabilities may vary between different bands. However, when the RedCap type is indicated by a UE, the network can unambiguously infer the reduced capabilities of the UE in the band it operates.
4	Conclusion
In this contribution, we discuss RedCap UE type definition as well as the number of UE types required for supporting the RedCap use cases.
Regarding which components to be included in the RedCap UE type definition, three options can be considered:
1. All the reduced capabilities recommended at the end of the RedCap study are included.
2. Only include the reduced capabilities that the network needs to know during initial access.
3. Include all the recommended reduced capabilities as well as recommended power saving features.

We elaborate the pros and cons of these options and conclude that Option 1 is the most attractive whereas option 3 is the least attractive.
Regarding the number of UE types required for supporting the RedCap use cases, we make the below proposal and observation.

Proposal 1	In the conclusion of the TR, capture the recommendation that it is enough to define only one device type per frequency band.

Observation 1	The exact definition of RedCap type in terms of UE capabilities may vary between different bands. However, when the RedCap type is indicated by a UE, the network can unambiguously infer the reduced capabilities of the UE in the band it operates.
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