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Introduction
In RAN #91-e meeting [1], the justification for WI scope about the RedCap devices is shown as following.
	The usage scenarios that have been identified for 5G are enhanced mobile broadband (eMBB), massive machine-type communication (mMTC), and Ultra-Reliable and Low Latency communication (URLLC). Yet another identified area is time sensitive communication (TSC). In particular, mMTC, URLLC and TSC are associated with novel IoT use cases that are targeted in vertical industries. It is envisaged that eMBB, mMTC, URLLC and TSC use cases may all need to be supported in the same network. 

In the 3GPP study on "self-evaluation towards IMT-2020 submission" it was confirmed that NB-IoT and LTE-MTC (a.k.a. eMTC) fulfil the IMT-2020 requirements for mMTC and can be certified as 5G technologies. For URLLC support, URLLC features were introduced in Release 15 for both LTE and NR, and NR URLLC is further enhanced in Release 16 within the enhanced URLLC (eURLLC) and Industrial IoT work items. Rel-16 also introduced support for Time-Sensitive Networking (TSN) and 5G integration for TSC use cases.

Beside the use cases that are already adequately addressed by the mentioned technologies, the following categories of mid-range use cases have been identified where some NR enhancements may be motivated.

· One important objective of 5G is to enable connected industries. 5G connectivity can serve as catalyst for next wave of industrial transformation and digitalization, which improve flexibility, enhance productivity and efficiency, reduce maintenance cost, and improve operational safety.  Devices in such environment include e.g. pressure sensors, humidity sensors, thermometers, motion sensors, accelerometers, actuators, etc. It is desirable to connect these sensors and actuators to 5G radio access and core networks. The massive industrial wireless sensor network (IWSN) use cases and requirements described in TR 22.804, TS 22.104, TR 22.832 and TS 22.261 include not only URLLC services with very high requirements, but also relatively low-end services with the requirement of small device form factors, and/or being completely wireless with a battery life of several years. The requirements for these services are higher than LPWA (i.e. LTE-MTC/NB-IoT) but lower than URLLC and eMBB.

· Similar to connected industries, 5G connectivity can serve as catalyst for the next wave smart city innovations.  As an example, TR 22.804 describes smart city use case and requirements for that. The smart city vertical covers data collection and processing to more efficiently monitor and control city resources, and to provide services to city residents. Especially, the deployment of surveillance cameras is an essential part of the smart city but also of factories and industries.

· Finally, wearables use case includes smart watches, eHealth related devices, personal protection equipment (PPE), and medical monitoring devices for use in public safety applications, etc. One characteristic for the use case is that the device is small in size.

As a baseline, the requirements for these three use cases are:

Generic requirements:

· Device complexity: Main motivation for the new device type is to lower the device cost and complexity as compared to high-end eMBB and URLLC devices of Rel-15/Rel-16. This is especially the case for industrial sensors.

· Device size: Requirement for most use cases is that the standard enables a device design with compact form factor.

· Deployment scenarios: System should support all FR1/FR2 bands for FDD and TDD.

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 can be 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).

Techniques for UE complexity reduction, coverage recovery and UE power saving for these use cases have been studied in the RedCap study item documented in TR 38.875. The RAN1 part of the study was completed in Q4 2020, and the RAN2 part of the study is expected to be completed in Q1 2021.

The intention with this WI is to specify a UE feature and parameter list with lower end capabilities, relative to Release 16 eMBB and URLLC NR to serve the three use cases mentioned above.


From the above justification, compared with legacy NR UEs, lower capabilities would be expected for RedCap UEs. However, for the legacy NR UE features, it is not clear which legacy NR features can be reused/supported for RedCap UEs. In this document, we discuss the issues related to support of legacy NR features for RedCap UEs.
Discussion
From the above justification, for the three uses cases, we have the following table to describe the characters for each use case:

Table 1. Potential supported feature for the three uses cases
	Scenarios
	Characters 
	Corresponding potential features

	Industrial wireless sensors
	· latency less than 100 ms or 5-10 ms

· bit rate is less than 2 Mbps (potentially asymmetric e.g. UL heavy traffic)
· The battery should last at least few years
	Processing capability;

(data rate is satisfied by bandwidth, antenna number, modulation order and so on)
Power saving related features;

	Video surveillance
	· Bitrate would be 2-4 Mbps or 7.5-25 Mbps

· latency < 500 ms

· reliability 99%-99.9%

(traffic pattern is dominated by UL transmissions).
	Scheduling/HARQ operation related features;

DL control channel and procedure related features

	Wearables
	· 5-50 Mbps in DL and 2-5 Mbps in UL
· peak bit rate of the device can be higher, up to 150 Mbps for downlink and up to 50 Mbps for uplink
· Battery of the device should last multiple days 
	Power saving

	Generic requirements
	Device complexity, Device size
	MIMO


From the above table, we can see that the power saving, processing, Scheduling/HARQ operation, DL control channel, Device complexity and Device size related features should be considered at least for RedCap UEs. In another word, for any other features which are not related to the WID scope should not be supported by default. Some features should be supported for RedCap to satisfy the basic requirements of 3 use cases for RedCap UEs. On the other hand, more features supported for RedCap UEs means more complexity, cost, or power consumption, and more specification efforts and scheduling complexity for the network side. So, those features to meet basic requirements should be considered in high priority. As for the remaining features, they should not be supported by default and can only be supported if the feature has significant benefits and most companies have the consensus on it.
Proposal 1: Discuss which features are supported to satisfy the basic requirements for RedCap UEs in RAN1

· The features satisfying the latency, reliability, complexity requirement and for longer battery life should be considered. 

· The remaining features are not supported by default.
· Features with companies’ consensus can be additionally considered 

According to the features description in [2], the main features in Rel-15, including Waveform, modulation, subcarrier spacings, and CP, Initial access and mobility, MIMO, DL control channel and procedure, UL control channel and procedure, Scheduling/HARQ operation,BWP, Channel coding, UL TPC, are basic functions for the system. So, the Rel-15 features should be supported.
According to Rel-16 UE features described in [3], NR 2step_RACH and power saving are focused since they are beneficial for power saving and would not increase the complexity significantly. MIMO enhancement feature may be considered for RedCap UEs since this feature can improve the transmission performance. NR_IAB may also be considered for RedCap UEs due to the benefit of coverage enhancement.
In Rel-17, the UE features [4] are under discussion. The specification impacts of Rel-17 features are still uncertain. Therefore, it's too early to conclude whether to consider Rel-17 features for RedCap UEs. It is worth mentioning that the power saving enhancement has a benefit for RedCap UEs to achieve longer battery life. The positioning service and higher positioning accuracy is needed especially for the wearables with mobility. For coverage enhancement, some coverage recovery requirements for RedCap UEs are also included in Rel-17 NR CE WI, the solutions in Rel-17 NR CE may be reused for RedCap UEs. 

Additionally, for those features supported for RedCap UE, not all the feature groups in the feature should be supported. For example, in Rel-15, for Initial access and mobility, support of SCell without SS/PBCH block (1-10) is not needed for RedCap UEs since it is based on CA which is not supported according to the RedCap WID description. 
Proposal 2: The following features can be considered for RedCap UEs, at least including
· Rel-15 UE features: Waveform, modulation, subcarrier spacings, and CP, Initial access and mobility, MIMO, DL control channel and procedure, UL control channel and procedure, Scheduling/HARQ operation, BWP, Channel coding, UL TPC

· Rel-16 UE features: UE Power Saving and NR 2step_RACH

· Rel-17 UE features: power saving enhancement and coverage enhancement

Note: FFS the feature groups in the supported feature.
Conclusion
In this contribution, we have discussed the NR UE features for RedCap UEs. We make the following proposals:
Proposal 1: Discuss which features are supported to satisfy the basic requirements for RedCap UEs in RAN1.
· The features satisfying the latency, reliability, complexity requirement and for longer battery life should be considered. 

· The remaining features are not supported by default.
· Features with companies’ consensus can be additionally considered 

Proposal 2: The following features can be considered for RedCap UEs, at least including:
· Rel-15 UE features: Waveform, modulation, subcarrier spacings, and CP, Initial access and mobility, MIMO, DL control channel and procedure, UL control channel and procedure, Scheduling/HARQ operation, BWP, Channel coding, UL TPC

· Rel-16 UE features: UE Power Saving and NR 2step_RACH

· Rel-17 UE features: power saving enhancement and coverage enhancement

Note: FFS the feature groups in the supported feature.
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