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Introduction
[bookmark: _Ref178064866]This summary of the email discussion on [NR_Light]. According to RP-191551 “Preparing for Rel-17”, which was endorsed in RAN#84, the scope of the [NR_Light] email discussion is as follows:
•	Define use cases and scenarios
•	Optimal operation for mid-tier NR devices (e.g MTC, wearables, etc…)
•	Coverage recovery for NR-Light devices (needed due to antenna gain loss) 
•	Includes power saving specific for these devices
•	No LPWA, no URLLC-specific enhancements
Discussion
The RAN#84 contributions on NR-Light related topics are listed in the end of the document ( [1] - [41]). 
The email discussion is divided in two phases:
· Phase 1 (from now until RAN#85 with a summary presented at RAN#85) focusing use cases and requirements and improvement areas
· Phase 2 (from RAN#85 to RAN#86) is focused on drafting of SID or WID. The draft SID or WID will be presented in RAN#86.
Deadline for the company input on Phase 1 is 30th of August 2019 allowing to discuss conclusions before RAN#85. 
[bookmark: _GoBack]Summary of Phase 1 can be found in Section 3 of this document.
Use cases and scenarios 
In this subsection the question is what are the use cases and operation scenarios (e.g. frequency band, indoors/outdoors, etc.) for NR-Light?
Regarding use cases, based on the RAN#84 contributions and the online discussions, there have been strong support to include “industrial sensors”, “video surveillance,” and “smart wearables”. Note that LPWA use case is not included in the scope as concluded in RAN#84.

	Company
	Input on use cases and scenarios

	OPPO
	Use cases
1. IWSN(Temperature, Velocity, Humidity, Pressure …)
Compared with cMTC and LPWA, IWSN is dealing with scenarios of relaxed requirement on latency, capacity, number of connection, battery life. IWSN, cMTC and LPWA can build up to full solutions of vertical industry.
Regarding IWSN itself, it will take some “medium” requirements in regards of latency, reliability, massive connection and capacity. 
For some type of sensors in industrial wireless network, it requires low latency & low cost(complexity) to support various real time sampling task. Reduced cost may lead to less RX and narrower bandwidth.
2. Camera of smart city.
The smart city vertical was identifying in 22.804 as one of the application scenarios. It can cover city management, safety and other purposes. It can give services to residents smartly and efficiently. In the service range of road traffic, electric and water systems, waste management, public safety, schools and others, camera (CCTV) is one of indispensible devices. 
Camera traffic may work in on-demanded way. The smart device can detect the special motion patterns and decide to upload video streams. The device can detect events/pattern like falling, face pattern and crowd. It can act based on those pre-set condition. 
The use case can also be shared by camera in other occasions like factory automation, smart home, and smart office. 
3. Wearable, (Smart watch, Rings)
The wearable devices are one of new type devices getting more and more influence. The most important form of it is smart watch, which may integrate multiple wireless technologies. NR is the most important one that smart watches should support in the near future. 
Wearable may support multiple wireless communication techniques. It can be attached to user’s smart phone by PAN (Personal Area Network) or possibly by UE relay. Wearable communicate to handset and seamlessly switching between PAN and WAN. It may connect to other smart devices.
Scenarios for consideration
The current NR study already cover the dense-Urban, UMA, Rural, Indoor Hotspot scenarios. They can be applied to most of the above use cases like smart city and wearable. For the IWSN, the current ongoing discussion on the IIOT channel model would be output as extra evaluation scenario.  

	Nokia
	1. Industrial use (industrial sensors & other eMBB connectivity), 
2. Smart city use (video surveillance)

	Qualcomm
	We think the following use cases are of the highest priority for NR-Light.
Use case: Smart Wearables
Within the smart wearables device category, smartwatches is probably the most representative with the most mature and concrete use cases. In general, smart wearables differ from low end wearables in the sense that a smart wearable typically still host an elaborate UI (e.g. touchscreen or voice control) for user interactions, and the traffic requirements are higher. In terms of traffic requirements (e.g. BW/throughput and latency), modem complexity and costs, LTE CAT4 would be a good “yardstick” for comparable NR-Light capabilities. Multi-day battery life should be one of the design targets.
A prevalent use case for a smartwatch / smart wearable is as a companion device to a smartphone, etc. When such communication link to a smartphone is available, it would be beneficial to support the use of PAN (personal area network) technologies such as Bluetooth with efficient interworking between PAN and WAN. 5G sidelink design aspects may be discussed in another agenda but the use cases for NR-Light device category should be considered.
Use case: Industrial Sensors
Industrial sensors are used for low to moderate throughput applications and typically do not require ultra-reliability or ultra-low latency. These sensors can be deployed in outdoor scenarios (e.g. chemical plants) or indoor scenarios (e.g. factories).
Operation Scenarios:
Given the diverse use cases for NR-Light, we do not see reasons to limit the operation scenarios with respect to current NR. Therefore, all frequency bands (FR1 and FR2, FDD/TDD), licensed and unlicensed band operation, and both indoor/outdoor deployment scenarios (including dense-urban, UMA, rural, indoor hotspot) currently supported by NR and other identified scenarios should be considered for the NR-Light study.

	vivo
	1. Smart wearables, e.g. smart watch, glasses
2. Low end smartphones
3. Smart home appliances

	Ericsson
	Use cases: Ericsson’s top priorities are
· Industrial sensors (e.g., microphones, CO2 sensors, pressure sensors, humidity sensors, thermometers, cameras, video cameras, motion sensors, accelerometers, laser scanners, fluid-level sensors, inventory sensors, electric voltage meter, electric current meter, actuators, etc.)
· Wearables (e.g., smart watches, eHealth devices, etc.)
Scenarios: In our view, an objective of this work is to be able to serve NR-Light use cases using the same NR network already deployed for eMBB and/or URLLC services. Thus, the deployment scenarios that apply to eMBB or URLLC, also apply to NR-Light. For example, just as for the case of URLLC use cases, the scenarios to consider for industrial sensors should include factory, warehouse, and industrial campus environment. Furthermore, it should be possible to deploy NR-Light in any of the NR bands already defined in Rel-16.

	ZTE
	The major use cases of NR Light are “smart wearables” and “industrial sensors”. These two use cases should be prioritized.  Operation scenarios of NR Light can be similar to existing Rel-15/Rel-16 eMBB scenarios for smart wearables. For industrial sensors, a subset of industrial scenarios can be considered e.g. massive wireless sensor network described in TR22.804 and indoor IIOT scenarios currently discussed under Rel-16 IIOT channel model SI. For the purpose of study and evaluation, the following operation scenarios can be prioritized in different use cases:  
Smart wearables: Urban macro for indoor coverage (FR1)
Industrial sensors: Indoor IIOT scenarios (FR1 and FR2)

	Samsung
	1. Smart wearables (smart watch, glasses, medical monitoring devices, etc)
· Data rate <20 Mbps
· Longer battery life: days to weeks
· Lower cost than MBB
· Improved coverage 
· Support Voice and low resolution video
2. Video surveillance (asset management, remote maintenance, smart city, etc.)
· Data rate per device is about 4 Mbps, with ~20 devicces in a cell. 500 ms latency with 99.99% availability.
3. Mid-tier wireless sensors (process automation, building automation, electrical distribution, etc.)
· Low bit rate sensors with high density, i.e., 1 million connections per km2. 
All the above use cases can consider both indoor and outdoor. FR 1 is prioritized in Rel-17. Supported NR band can be further discussed based on the requirement from operator. 

	Fraunhofer IIS,
Fraunhofer HHI
	1.	Real-Time Sensor Data and Monitoring
Condition monitoring for industrial wireless sensor networks (IWSN) with up to 10²-10³ sensors and actuators connected in a large installation (factory, industry plant) with distances of several 10² m to several kilometers.
This use case has significant higher requirements than the LPWA use case regarding latency and especially data rate but still needs a long battery lifetime. Main target is availability and reliability with generally moderate latency requirements. However, low latency applications shall be supported to enable real time sampling.
2.	Facility management and monitoring
This use case captures simple switches and actuators that are not related to security critical or emergency applications. Examples are:
· Switches, actuators (Light, window shades)
· Door openers
· AC control
· Multimedia (A/V) control panels (not media streaming)
3.	Automated Guided Vehicles (AGV)
Mobile robots/vehicles are devices that move autonomously but are “guided” via additional data, i.e. via waypoints or other means of destination/route information. In addition to that, timely information about process steps or other triggers needs to be delivered in time.
4.	Video Surveillance (event based, no continuous streaming) for process monitoring or security applications
5.	Wearables (mobile terminals)
These devices are mobile devices that are attached to humans or machines, i.e. in inhouse logistics.
a.	Worker Safety
Dead-man-alarms, positioning of workers, indicating alerts/alarms (moving machines, process/machine related alarms, etc.), monitoring of environmental conditions, etc.
b.	Assistance for service personnel
This use case includes a variety of applications to assist working force in their job, i.e. pick-by-X, service tickets, AR (routing, service instructions, etc.).
c.	Firefighter monitoring
This includes health monitoring, communication, tracking and other assistance services for firefighters (AR, maps, status messages, positioning, etc.).

	Huawei, HiSilicon
	NR Light is targeting to enable new IoT markets other than the existing LPWA ones. Two typical application scenarios with machine type of devices are video surveillance and industrial wireless sensor networks (IWSN).
Potential New Market #1 – Video Surveillance
Video camera is a type of medium to high end machine type of device compared with the devices in NB-IoT and eMTC. In particular, video cameras usually demand continuous uploading with near constant rate requirement and may not be constrained by battery life. Video surveillance industry with large numbers of connections of video cameras is an emerging business opportunity for wireless communications. In 2016, the number of surveillance cameras in operation worldwide reached 200 million, and it is expected to reach 500 million by 2021. Video surveillance has rapidly been developed nowadays especially for smart city, smart factory, smart farming, health care, programme making and special events, and etc. From the aspect of data rate, different kinds of cameras suitable for different use cases can be studied, e.g. economic video for video surveillance for smart city (up to few Mbps), high-end video for farm monitoring and smart factory (no less than 10Mbps). 
There are special features for the design in this scenario.
· UEs in such scenarios mainly focus on UL transmission, so it is possible to have new UE capabilities with tailored and optimized features such as communications with UL dominance (COULD).
· The special features such as the fixed locations and slowly-varying channels of the video camera traffics could be exploited to optimize the transmission efficiency, thus meeting the requirement of supporting big number of cameras on the available UL T/F resource, which is comparatively limited due to the traditional DL dominated frame configuration.
Therefore, to enable video surveillance in unbalanced and limited UL T/F resouce, low overhead and resource efficient UL transmission is to be designed.
Potential New Market #2 – IWSN
Industrial wireless sensor networks (IWSN) in factories and logistics scenarios have been commonly regarded as one of the important vertical applications for NR mMTC for the next step standardization. SA1 has already specified scenarios. As described in TR 22.804, massive numbers of wireless sensor networks are major components of factory automation, process automation, and monitoring and maintenance, in which hundreds of sensors are deployed within a room of 50m*10m. 5G Alliance for Connected Industries and Automation (5G-ACIA) is also working on identifying more concrete requirements for industry 4.0. 
Differnet from the mMTC applications in LPWA, some features of IWSN are
· Though massive connectivity is required, the various type of sensor nodes are usually within local area and the coverage would not be the bottleneck issue, i.e., local dense connectivity. 
· The demanded data rate could be up to a few Mbps in some cases, and the inter packet arrival time could be within a second, which is much higher than the current IoT traffic model specified in TR45.820 (on average about 1 packet per 2 hours). 
Therefore, to support the massive numbers of sensors collecting data in an IWSN, low overhead, power and resource efficient data transmission is to be designed. 
Operation scenarios
For the potential new markets discussed above, the operation scenarios could be
· Frequency band: FR1 should be the priority.
Scenarios: dense urban, rural, indoor hotspots, factory (e.g. IIOT channel model).

	Lenovo&Motorola Mobility
	1. Industrial sensor(e.g., temperature/humidity sensors)
2. Smart city (video surveillance) and smart home (e.g., smart camera, smart lock, smart speaker)
3. Wearable (e.g., watch, glass)

Given the diverse use cases for NR-Light, all frequency bands (FR1 and FR2, FDD/TDD), licensed and unlicensed band operation, and both indoor/outdoor deployment scenarios should be considered


	LG
	1. IWSN (Industrial Wireless Sensor Networks)
2. Video/Image/Audio sensing
 - Video surveillance (e.g.,CCTV) is one application using video sensing.
 - Image/audio/video sensing can be also used in other verticals such as smart building, smart city, etc. 
3. Smart wearables 
5. Automatic wide-area data collection 
6. Health care
- Compared to URLLC type Health care, the health care using NR-Light may require lower data reporting rate. For example, based on periodic data reporting results, the collector can extract information.
7. Smart city, Smart farming, Smart building 

Operation scenarios include both indoors and outdoors.
It is noted that Relay is not covered in this email discussion based on Rapporteur’s comment.

	Sierra Wireless
	The following was agreed at plenary: “No LPWA, no URLLC-specific enhancements” So we shall not consider any LPWA use cases which can be supported by NB-IOT (NB1/NB2) or LTE-M (M1/M2).  LTE-M Cat-M2 can support data rates of ∼4 Mbps in DL and ∼7 Mbps in UL with latency similar to LTE (i.e. 20ms) so any usecase with similar requirement should NOT be included such as: 
· low end wearables with < 4 Mbps speed (e.g. rings, pendents, low end watches)
· Industrial sensors with < 4 Mbps speed (e.g. Temperature, Velocity, Humidity, Pressure)

NR Light should Include the following use cases:
· Video Surveilance - including smart city
· High/Med end Industrial (>4 mbps or < 20ms latency)
· High end wearables - video enabled (e.g. high end watches, VR glasses, MSFT HoloLens, Google glasses, or body cameras)
· Low end eMBB (small tablets, personal hot spots, low end routers, low end laptops)

All frequency bands (FR1 and FR2, FDD/TDD), licensed and unlicensed band operation should be included.

	GTO
	Industrial sensors, Med, Surveillance Systems, Ruggedized PDA and other scenarios addressed today by LTE Cat1/4 devices. A device type below eMBB and clearly placed above LPWA to cover large amount of scenarios.

	Xiaomi
	1. Low cost smartphone
2. Smart devices in home 
3. wearable devices;
4. Low cost outdoor device

	Spreadtrum
	Industrial sensors, video survilliance, wareables

	NTT DOCOMO
	In NR light, following three scenarios can be considered. Based on discussion below, we think smart wearables and video surveillance should be prioritized than other possible scenario, but we are fine to study the remaining one, i.e. industrial sensors.  

Use case #1: Smart wearables
For now, the most popular type of wearable devices are watch-type devices. Smart watchs not only monitor healthcare information but also enable to access a lot of applications, e.g. chat tools, text memo, etc. If such usage scenario is mature enough, we consider that it is enough to support LTE-based IoT for such wearable devices. 
On the other hand, we can consider other types of devices, e.g. eyeglass type device. The eyeglass-type device would integrate various types of technologies, e.g. AR/VR, human interface (Gesture, Eye tracking, etc), or other existing application. In the sense, such wearable device may need more severe requirements, e.g. on peak rate, latency, and/or battery life, and it may not be convered by existing IoT. Therefore, we consider that smart wearables are most attractive scenario in NR light.

Use case #2: Video surveillance
We are not very clear on what "video surveillance" really means. if it means just always-on and stationary video camera, which is streaming high-definition video data, it is very natural to assume it as fixed equipment based on power supply and its device size and battery life may not be matter. In the sense, we consider that such use case does not need to be covered by NR light. 
On the other hand, if we assume some kind of “smart video surveillance”, which is turned on automatically triggered by some events and records only some specific scenes, it can be said IoT-like devices and may be based on NR light. If we assume such smart video surveillance devices base on NR light, mid-range of data rate (e.g. >10 Mbps) may be needed and some optimization for low-mobility device can be considered.

Use case #3: Industrial sensors
Various types of sensors can be considered for industrial usage, e.g. temperature, CO2, or progress of manufacturing processes. Considering the presence of LTE-IoT or other IoT, we consider the point of this use case is whether further enhancement is needed in terms of latency or reliability. In general, we consider that sensor feedback does not need any severe requirements on them, but it is beneficial to study at least massive connectivity for the support of industrial sensors based on NR light.

	Vodafone
	Priorities are: Video surveillance cameras, Industrial Sensors
Note: For smart wearables, we see no urgency. For AR there might be some specific benefits to look at something for relevant devices, but prefer that to be discussed in the context of XR.

	Sequans
	For all use cases, it is important to highlight why the use case motivating the study cannot be served by legacy LTE categories (from NB-IoT to e.g. cat-4 or cat-6). 
We do think that in the future new use cases will appear that would require caracteristics not provided by LTE. Video surveillance could be one example (low latency, high UL throughput); industrial sensors could be another example. In general these are use cases with relaxed requierments in compared to eMBB or URLLC
For such new use cases, not served by LTE, an NR-light solution is welcome. Typical target is something rather equivalent to LTE Cat4 or Cat6. 

	CATT
	1. IWSN (Industrial Wireless Sensor Networks)
1. Smart wearables
1. Video Surveillance
1. Electronic wirelss connection

Operation scenarios include both indoors and outdoors, and all frequency bands (FR1 and FR2, FDD/TDD)

	TCL Communication
	Use cases: 
- Smart wearables with screen and audio/video capabilities
- Video surveillance and other smart-city devices (sensors, displays)
- Smart Home appliances which require interworking with NR/eMBB smartphones: TVs, white goods, home security and sensors/actuator devices.
- There is a case also for entry-level Smartphones for which chipsets shall be “designed to cost”, current NR eMBB specification may not allow this. This needs to be considered either in NR_Light or another discussion. 
Operation scenario:
- Both FR1/FR2 and unlicenced oprations, where FR1 may be prioritized at first stage
- May also include sidelink operation 

	SoftBank
	For new use cases:
Mentioned by other companies.

Support of high-end LPWA:
Currently LTE Cat.1, Cat.1bis are used for LPWA use case in addition to eMTC/NB-IoT when the customer’s requirement is higher than those capability. Considering the refarming of LTE in the future, NR needs support UEs equivalent to LTE Cat.1/1bis/(and 0?). 

	LGUPLUS
	IWSN, Wearable, video surveillance

	CMCC
	For use cases, industrial wireless sensors,mining wirless sensors, smart wearables and video surveillance that can not be satisfied well with current NR designs should be the first priority. Similar to the industrial wireless sensors, the mining wireless sensors collect the radar, geomagnetic and other information and pass them to the control unit through wiress network. The date rate can be up to several Mbps, and have some requirements on power consumption.
For scenarios, both indoor and outdoor (including indoor, dense-urban, UMa, rural) currently supported by NR should be considered. For frequency range, FR1 should be the first priority, but for some scenarios, especially for indoor, FR2 should also be considered. 

	ORANGE
	IoT devices such as Video cameras, Industrial sensors with or without URLLC capabilities

	Dish Network
	As described by several companies, the main applications are:
· High end wearables (smart watches, goggles, etc.)
· Video surveillance
· Industrial sensing
eHealth

	Sony
	Industrial sensors: These can include a combination of the following types of sensors: 
· Small data-size reporting sensors such as pressure sensors, magnetic sensors, humidity sensors, fluid level sensors.
· Image sensors. 
· Video. 
· Tracking. Tracking of objects within a factory. Objects can also be tracked outside the factory (e.g. when being shipped).
Industrial sensors are expected to operate in normal coverage, for example within a factory.
These type of sensors can have a very broad range of properties and thereby requirements.
Actuators: While sensors have a clear uplink requirement, there is an associated requirement for DL connectivity to actuators. Actuators can perform functions like controlling valves in a factory or closing a gate. It needs to be possible to contact the actuator with reasonable latency. Battery lifetime is also important for some actuators.    
Video surveillance cameras: Applications include video surveillance, plant monitoring, safety cameras. The camera can either stream data or transmit video clips on demand (e.g. in response to an alarm). Camera types include visual and IR cameras, potentially with radar features and recording capabilities. Cameras can either be mains powered or be battery powered (potentially supplemented with energy harvesting).
Smart wearables: These include devices such as smart watches, rings or devices integrated into clothing. Applications include:
· Lifestyle and wellness. 
· Sport/leisure, where the device can include an action camera
· eHealth.
· Audio products (headset): to support high-quality audio streaming (high fidelity-lossless audio).
· Applications. A varied set of third party applications can be supported on a smart watch.
· Communications. Audio and video calling via the smart watch.
· 
Most smart wearble applications need a direct connection to the network. Sidelink communications are also useful to save power and when a smart wearable is operating as a companion to a smartphone. 

	MediaTek
	Defining different solutions that are tailored to specific use-case requirements work against economies of scale, leading to higher device costs that would slow down the adoption of NR-Light in the market. 
To avoid market fragmentation, a common set of requirements that covers a wide range of use cases should be considered for NR-Light.
Furthermore, as as agreed in RAN#84, we should avoid requirements that overlap with LPWA systems.
As a starting point, we suggest considering the following requirements:
· Peak data rate lower than eMBB 
· Battery life longer than eMBB and shorter than LPWA
· UE bandwidth between 5 and 20 MHz (FR1 only)
· Relaxed latency compared to URLLC
Coverage similar to eMBB

	Intel
	Use cases:
· Industrial wireless sensors
· Video surveillance 
· Wearables
Operation scenarios: 
· Could be applicable to all NR bands although FR1 should be prioritized
· Indoor/outdoor including factory environments
· Duplex: FDD and TDD

	Reliance Jio
	Most companies are indicating usecases that can be covered today by LTE (non LPWA, on URLCC and typically LTE CAT4 type applications). LTE devices are more cost effective for these type of applications. Are companies assuming that LTE will be gone any time soon?.
We see Video survalence as a good usecasefor NR-Light but eMBB can handle the case (may be with some rate limiting applied).
With the usecases listed for NR-Light, we believe this is a non priority work for now (Release 17), can be handled in Release 19 probably.


	NOVAMINT
	Main use cases:
· Should be pure IoT/data stream – no smartphone features – no low end smartphone – no devices that are accessories/complement to smartphone 
· Should not mix leisure usage (that are supported by eMBB) and more professional usage. Other way, it will affect network dimensioning and prioritization between usage. 
· Huge demand for a dedicated standardized IoT for Video surveillance & security cameras 
· Public video surveillance cameras in Cities, security cameras in offices, industrial sites…which can be connected to security and/or public safety and emergency services and transmit when necessary (event based, alarms or on demand triggered by emergency services…)
· but also home security cameras which can record & transmit data when there is no more electricity (and no more Wi-Fi at home)
· Wearables
· Wearables/IoT for critical communications – more demanding than LPWA but without all overheads of eMBB
· No smart watches (this is already covered by eMBB and no need to do something different)
· Likely to have new IoT only use cases in the area of smart building, agriculture and even transport once we progress with the development of NR light 

	Futurewei
	Use cases (in order of priority)
1.-Video surveillance
2.-Industrial sensors
3.-Wearables 
Operation scenarios: same as NR networks.

	TIM
	Most of the use cases indicated seem to be related to Uplink transmission (expecially video surveillance)
Due to UL performance of NR (in particular when considering synchronised TDD macro networks), can a simplified device still meet the service requirements?

	Kyocera
	· Industrial sensor
· Wearables (smart watches, eHealth devices)
· Low-end smartphones

	Apple
	Use cases: Wearables (e.g. smart watches), Iow end smart phones, etc. 
In general, device categories with reduced complexity/cost and relaxed requirements that share/operate on the same NR network deployment as regular eMBB devices.




Key requirements 
In this subsection, the key requirements of each of the envisioned NR-Light use cases and operation scenarios are discussed. This could refer to required bitrate, latency, battery lifetime, device cost etc.

	Company
	Input on key requirements

	OPPO
	Bit rate requirements should be considered for different device types.
1. IWSN(Temperature, Velocity, Humidity, Pressure …)
Depending the sensor types, variable requirements will be introduced in dimension of latency, reliability, number of connection and complexity. The range of requirements will be within the existing requirements of Rel-15 NR.
2. Camera of smart city.
[bookmark: _Hlk18594512]Special consideration should be taken into account in the communication aspects of camera. In general, the user experienced data rate for CCTV services shall not be lower than 2M bit/s per CCTV application. Higher configurable capacity could be also introduced to support different level of video fidelity.
It requires medium data throughput for UL and small date rate for DL. 
3. Wearable, (Smart watch, Rings)
[bookmark: _Hlk18594578]For wearable, e.g. smart watch: the LTE Cat 4 can be looked as the starting point as it has been commercialized. That means up to 150/50M bit/s. 

All the 3 cases need further enhancement on power consumption, cost/complexity reduction and coverage recovery. For ISWN, the devices should also fulfill latency and reliability requirement.

	Nokia
	1. [bookmark: _Hlk18594666]Industrial sensors and other relatively low rate MBB connectivity for machines (10-100 Mbps)
2. [bookmark: _Hlk18594612]Surveilance camera with up to 10 Mbps uplink data rate. (Downlink rate could be similar as smallest data rate for case 1 to minimize number of UE types)

	Qualcomm
	An overall requirement is to support co-existence of NR-Light UEs with other legacy/Rel-17 NR UEs supporting eMBB.
Other requirements (e.g. bitrate, latency, battery lifetime) are dependent on the use cases that NR-Light is expected to support.
Use case: Smart Wearables
[bookmark: _Hlk18594729]For a smart wearable device (e.g. smartwatch), there could be industrial design and battery size constraints, such that the number of antennas and device complexity should be reduced. Also it is envisioned that the data rate requirements for applications running on a smart wearable should be less demanding compared to those running on a smartphone. We think a capability envelope similar to LTE CAT4 should be the target: i.e. Not more than 20MHz BW (for FR1), 2 or 1 antennas, below 150Mbps DL and 50Mbps UL peak throughput. Latency requirements should be similar to or slightly more relaxed than NR eMBB; Support for longer DRX cycle can be considered for some scenarios. It is also expected that a smart wearable is traveling with the user throughout a day; Therefore, mobility, coverage, and reliability requirements should also be similar to NR eMBB.
Smart wearables should target to support at least multiple days of battery life.
Use case: Industrial Sensors
[bookmark: _Hlk18594768]The applications of interest include monitoring applications with discrete sensors (~100 kilobits/sec), waveform sensors (~1Mbit/sec) or imaging sensors (~2-5Mbit/sec). The traffic is uplink dominated. Higher throughput applications are likely to arise in future as the sophistication of industrial applications increases. NR-Light should also be able to address the requirements for (i) Size constrained devices due to limited space availability on smaller sensor nodes, and (ii) Slow-moving devices for efficiency improvements considering that industrial sensors would not have high velocity. Support for ultra-low latency or ultra-reliability should not be required.
[bookmark: _Hlk18594855]The sensors are typically battery constrained and require multi-year battery life.

	vivo
	The potential use cases for NR-light UEs are expected to be diverse, it is important to have a study phase to discuss and document the different use cases together with the key requirements. In particular, we propose the following key requirement for NR-light design. 
1. Peak data rate: target peak data is scenario dependent.  
· Relatively lower data rate for smart wearables, 10~100Mbps
· Higher data rate for low end smartphones, e.g. 200Mbps
2. [bookmark: _Hlk18594934]UE power consumption, for example target for 2 week battery life for smart watch with typical usage (not standby only), with low battery capacity (e.g. <500mAh)
3. Reduced device complexity and cost
4. [bookmark: _Hlk18597344]To enable a device design with smaller size
5. Typical eMBB service latency
6. Seamless switching/service continuation across different devices, especially for wearable use case, e.g. a voice call to a smart watch can be switched to a smartphone without significant interruption, or vice versa.

	Ericsson
	Key performance and design metrics to consider should include data rate, latency, reliability, connection density, UE bandwidth, UE battery life, UE power class, UE complexity, and UE form factor. The industrial sensor use cases alone could have wide-ranging requirements on many of these performance metrics. In our view, Rel-17 should not aim to address the most challenging requirements as these may be representative of certain corner use cases as far as NR-Light is concerned. Furthermore, the most stringent requirements on, e.g., data rate, latency, and reliability can be already addressed by eMBB and URLLC solutions. Rel-17 NR-Light work should focus on requirements that are not best served using existing Rel-16 NR solutions and features.
UE bandwidth: to ensure full backward compatibility with Rel-15 CORESET#0, NR-Light should support at least a subset of CORESET#0 bandwidths defined in Rel-15. 
Data rate: up to 10-20 Mbps (both UL and DL).
Latency and reliability: 99.9% reliability in 5-10 ms for safety related sensors; 99% reliability in 50 ms – 1 s for other NR-Light use cases.
UE form factor: SoC integration, operation with coin-cell battery, suitable UE power class, e.g. 4-14 dBm (conducted power) for enabling operation with coin-cell battery.
UE battery life: 1-3 years for low-to-mid end industrial sensors and certain eHealth devices, for transmitting small (e.g. 32-byte), infrequent (e.g., hourly or bi-hourly) payloads with 1 Wh battery. 3-7 days for smart watches.
Connection density: 0.05 - 1 per m2
Coverage: similar coverage as Rel-15 NR
It should be noted that the requirements listed above are target achievable performances for individual performance metrics. All these requirements do not need to be met simultaneously for one use case. The exact performance and parameter range for each of these metrics can be refined at the start of the NR-Light work. 
Full backward compatibility with already deployed NR devices should be adopted as an essential requirement.

	ZTE
	Key requirements should be studied and identified considering different use cases and UE cost analysis.  Different UE categories would be identified according to the combinations of key requirements for different use cases.
· [bookmark: _Hlk18595333]Device Cost: The major motivation of this study item is to lower the UE device cost and complexity.  The UE cost for industrial sensors use cases should be significantly lower than the existing eMBB/URLLC devices considering potential deployment with massive number of sensors.  Cost analysis for NR Light should be conducted.
· Peak data rate: Depending on the use cases, peak data rate can range from 5Mbps to 100Mbps for DL, 5Mbps to 50Mbps for UL for NR Light UEs.  Among the NR Light use cases, smart wearables supporting higher data rate and more symmetric data rate between DL and UL should be considered.  Industrial sensors supporting lower data rate and may support asymmertric data rate e.g. uplink heavy should be considered.
· [bookmark: _Hlk18595608]Bandwidth: Lower requirements on maximum bandwidth should be supported for NR-Light UEs. The baseline can be a subset of the existing supported bandwidths considering backward compatibility. e.g. It may range from 5MHz to 20MHz for FR1 and from 50MHz to 100MHz for FR2 depending on operation scenarios e.g. bands/SCS.  In addition, different options of bandwidth reduction can be considered e.g. RF/baseband bandwidth, for data/control channels.
· Latency and Reliability: Requirements on latency and reliability should be lower for industrial sensors compared to URLLC UEs.  The latency requirement can range from 10ms to 1s depending on the use cases of industrial sensors.  Reliability up to 99.9% can be considered. The latency and reliability requirements for smart wearables should be similar to those for eMBB UEs.
· Battery life: Battery life should be enhanced considering support of up to 1 week for smart wearables and up to 1 year for industrial sensors. 
· Transmit power: Maximum transmit power can be reduced e.g. 20dBm for smart wearables, 14dBm-20dBm for industrial sensors.  
· Coverage: Coverage for smart wearables should be similar to the existing UEs while coverage requirements for industrial sensors may be reduced depending on the use cases and operation scenarios.

	Samsung
	1. Reduced UE complexity/cost
a. [bookmark: _Hlk18595647]Reduced UE RF BW that can at least reuse Rel-15 NR SS/PBCH blocks.
b. 1 or 2 Rx antennas
c. Maximum data rates of 10-20 Mbps
2. Reduced power consumption (on top of Rel-16 power savings) to target days to weeks of battery life with low capacity (application dependent)
a. Optimization for Low / Medium UE mobility: stationary or low speed UE
3. [bookmark: _Hlk18595788]Coverage recovery to compensate for reduced number of Rx antennas, and reduced UE bandwithand for reduced transmission power without compromising service area
4. Medium latency: several tens/hundreds of msec [or more]
5. Medium / High number of UEs: several tens/hundreds to several thousands of NR-Light UEs in a serving cell
6. Operation of NR-Light UEs and legacy NR UEs on the same carrier.

	Fraunhofer IIS,
Fraunhofer HHI
	1.	Real-time sensor data and monitoring
Latency: <100 ms
Datarate/device: <1 Mbps
For closed-loop process control and monitoring, the requirements are captured by URLLC use cased but could be relaxed to <10 ms latency for NR-light use cases.
2.	Facility management
Datarate: 1 kbps up to 250 kbps
Latency: 20 ms
BatteryLifetime: >1 year
This use case captures simple switches and actuators that are not related to security critical or emergency applications.
3.	AGV
Latency: <10 ms
Datarate/device: <100 kpbs
4.	Video Surveillance
Latency: 50 ms
Datarate/device: <5 Mpbs
The latency does not include the coding delay.
5.	Wearables
a.	Worker Safety
Latency: <1 s
Data rate: < 1Mbps
Mobility: <30 km/h
Reliability: high
Positioning: yes
b.	Assistance for service personnel
Latency: <1 s
Data rate: <1 Mbps
Mobility: yes (moderate)
Positioning: optional
c.	Firefighter monitoring
Latency: <200 ms
Mobilty: <30 km/h
Reliability: high
Positioning: yes (1 m)
In combination with AR, the data-rate requirements are higher and approx. between 1 and 5 Mbps.

	Huawei, HiSilicon
	Different requirement should be defined for different use cases. 

1) Video surveillance
Depending on the applications, there are various types of video surveillance. We can define the following categories of videos to represent the most typical applications rooted from current requirements. Each category is characterized by its UL data rate requirement, end-to-end latency, reliability, and expected cost. 

	Video Types
	UL data rate
	E2E latency
	Reliability
	Cost

	Economic video, 
e.g. CCTV camera for safe city and village
	2~4Mbps per camera [TR 22.804], 60~200 cameras per cell
	< 500 ms
	99%~ 99.9%
	Low or medium

	Mid-end video, 
e.g, fish farm monitoring, hot spot monitoring
	7.5~25Mbps per camera, up to 24~30 cameras per cell, or,
> 10 Mbit/s per mobile robot, up to 100 mobile robots per km2 [TS 22.104]
	< 500 ms, or,
max.10 ms (for robots) 
	99%~ 99.9%
	less limitation



2) Industrial sensors
There are different types of sensors, so different requirement levels can be given, as discussed in Table 5.3.8.1-1 and Table 5.3.8.1-2 in TR22.804.
· Data rates: from several kbps up to several Mbps
· End-to-end latency: 5ms~10ms for Condition monitoring for safety, 50ms~1s for others
· Data update time: 10 pkts/s to 100 pkts/s, or event trigger
· Battery life: longer than eMBB, up to 1~3 years
· Reliability: 99%~99.99% 
· Connection density: 0.05 ~ 1 per m2 or higher or hundreds sensors per gateway
· Low cost, low complexity


	Lenovo&Motorola Mobility
	
· Industrial sensor(e.g., temperature/humidity sensors)
Throughput/peak rate:  several Mbps to tens of Mbps
Latency requirement:  tens of millisecond
Battery life:  5x eMBB UE
Coverage:  wider coverage than eMBB

· smart city and smart home
Throughput/peak rate:  tens of Mbps
Latency requirement:  tens of millisecond
Coverage: wider coverage than eMBB

· Wearable (e.g., watch, glass)
Throughput/peak rate:  tens of Mbps
Latency requirement:  tens of millisecond
Battery life:  5x eMBB UE
Coverage:   similar coverage as eMBB


	LG
	1. Industrial sensors
Compared to URLLC type industrial sensors, in NR Light, the devices require 
- non-real-time reporting. 
Compared to mMTC type sensors, in NR Light, the devices require 
- more frequent reporting in Connected/Inactive mode,
- higher data rate, and 
- higher reliability.
2. Video/Image/Audio sensing
 - high data rate (10Mbps ~ 100Mbps).
3. Smart wearables 
- Data rate is higher than that of mMTC
- Devices are battery-powered and the batteries are rechargeable.
4. Automatic wide-area data collection 
- Several dozens or hundreds of devices may report data during short time period.

	Sierra Wirleess
	Peak UL and DL data rates of at least 80Mbps – this should then correspond to real-life in field UL and DL data rates of >10 Mbps in normal coverage conditions.
UE Bandwidth = 20 MHz – anything less will not provide the required peak data rate. Even with 20MHz, 64QAM, 15KHz SCS, and full duplex UE - the peak UL data rate is only ~ 80Mbps
Device complexity should be similar to LTE category 4. 
Latency – target >4ms but not if this impacts UE complexity. 

	GTO
	Peak downlink up to 100Mbps, peak UL up to 50Mbps
UE bandwidth - 20MHz in FR1, FR2 not precluded but priority on FR1, complexity and HW impacts comparable to LTE Cat-4.

	Xiaomi
	The use case for the NR-lite is diverse and the key requirement would be different considering different features of different application scenario
1. For low-end smartphone 
· Cost reduction and complexity reduction 
· The data rate should be guaranteed for example: up to 200Mbps
· Full mobility 
· Support voice call 
· Power saving, considering the low-end smartphone can be easily charged, so the power saving situation is not as critical as some other cases. For example, the battery life should  last at leaset e.g., 1day 
· Coverage should be comparable as the normal eMBB
2. For smart wearable
· Cost reduction and complexity reduction
· The data rate should be guaranteed for example up to 100 M bps
· Full mobility
· Support voice call
· Power saving, the battery life should last e.g., several days
· Seamless switch between WAN and PAN
· Smaller size 
3. For some smart home applicances
· Cost reduction and complexity reduction
· The data rate should be guaranteed up to 10 M bps
· Power saving, different devices may have diffenent requirement , but at leaset several weeks should be considered 
· Smaller size 
· Coverage extension 
4. For low cost outdoor devices such as surveillance camera
· Cost reduction and complexity reduction
· Considering, they are maily UL heavy traffic , so he UL data rate should be granted at least several hundred Mbps
· For devices powered by battery, the battery life should last at least several years 


	Spreadtrum
	Data rate: <100Mbps, different bandwidth and date rate for different use cases.
Latency: >= latency of NR eMBB. Latency can be relaxed in some use cases, e.g. delay-torlerant industrial sensors and wearables.
Coverage: >= coverage of NR eMBB. 
Battery life: ~7 days for wearables, ~1 year for industrial senson (sparse traffic) 

	NTT DOCOMO
	1.	Peak data rate: 10-100 Mbps
· Relatively higher than LTE low category, and relatively lower than eMBB
2.	Reliability and latency
3.	Device complexity and cost 
4.	UE power consumption
· In contrast to Industrial IoT study, some features to reduce device complexity, cost and/or power consumption is definitely needed. 
5.	Connection density
6.	Coverage
· Same or similar as in NR eMBB

	Vodafone
	Focus should be on defining a medium data rate device for video surveillance (as in SA1 requirements).
For industrial networks, the SA1 requirements should be the basis, but:
· any new device type defined should support one of the existing channel bandwidths defined (i.e. definitely not less than 5MHz). 
· no need for Extended Coverage beyond potentially compensating for fewer antennas.

	Sequans
	Reduced cost
Improved battery life
Throughput target in line of LTE Cat-4 or Cat-6

	CATT
	1. IWSN (Industrial Wireless Sensor Networks)
0. battery 1~3 years
0. small data packet
0. periodic or on-demand UL traffic
0. higher reliability for accurate controlling, such as 10-5
0. latency: tens of ms
0. low-to-high speed

1. Smart wearables
1. battery 3~5 days
1. small data packet
1. periodic UL traffic for such as position and healthy feedback
1. latency: tens of ms
1. low-to-high speed

1. Video Surveillance
2. big/small data packet
2. UL and/or DL traffic
2. Latency: tens to hundred ms
2. not very high reliability, such as up to 10-3


	TCL Communication
	Generic key requirements:
 - enable to operate both FR1, FR2 and unlicenced spectrum
 - benefit from NR features re: coverage and power consumption enhancements
 - optimal co-existence with eMBB devices
 - low chipsets cost by relaxing eMMB requirements ( e.g. minimum BW, nb layers/antennas, processes etc…) and targeting peak 100-200Mb/s DL TP.
Use-case specific requirements :
- Smart wearables: 
     - similar to LTE Cat 4 150Mb/s DL; 50Mb/s UL
     - TX power saving reduction (nb antennas, TX power..)
- Video surveillance and smart-city devices 
     - asymmetric UL or DL traffic pattern: e.g. display DL up to 50Mb/s, video surveillance UL up to 20Mb/s
     - relaxed power consumption requirement, AC powered devices.
     - enhanced coverage support (CE mode) 
- Smart Home appliances 
     - smart speaker: 10Mb/s; several weeks of autonomy
     - sidelink capabilities supporting audio/video sharing (eMBB UE to display) 
     - enhanced coverage support
- Entry-range Smartphones
     - LTE Cat 12 equivalent

	SoftBank
	Peak data rate: 10Mbps
Latency: at least equivalent to LTE Cat.1/Cat.1bis, can be relaxed compared with NR eMBB
Device Cost: lower is always better 
Battery life: equivalent to LTE Cat.1/Cat.1bis
Coverage: at least same as NR MBB & additional several dB coverage enhancement is preferred

	LGUPLUS
	IWSN
 - Data rate : up to 100Mbps
 - Power saving consideration
 - coverage : wider coverage than eMBB
 - Low cost & low complexity

Wearable
 - Data rate : DL/UL up to 10Mbps
 - Battery life : 1weeks
 - coverage : similar coverage as eMBB
 - full mobility
 - Low cost & low complexity

video surveillance
 - Data rate : UL up to 200Mbps (UL is more important than DL)

	CMCC
	Requirements of industrial sensors, wearables, and video surveillance have been given by above companies, and some requirements for mining sensors are,
· Data rate: up to several Mbps;
· Reliability: 99%;
· Battery life: longer than eMBB, about one year.
· Latency: up to seconds

For the total design requirements of NR lite, the following should be considered.
1.	For the key performance requirements such as data rate, latency, reliability, wide range is oberseved, but very strigent requirements should not be the target of NR-light. Low cost, low complexity, low power consumption (at least for some scenarios) should be supported.

2.	NR framework should be reused as much as possible, and introduce NR lite specific designs to fullfill the low UE catergories, low device cost and longer battery lifetime. This can benefit from the large scale deployment of NR, reduce the UEs cost and accelerate the maturity of NR Lite’s industry chain.

3. Coexistence of NR Lite and eMBB/URLLC should be considered, and the capacity expansion of NR Lite should be easier than existing IoT solutions, with more flexible resource sharing between NR Lite and NR eMBB/URLLC service.

	ORANGE
	10 to 100 Mbps DL peak rate depending on use case. High reliability and low latency as an option. For some use cases, devices would run on batteries (e.g. some industrial sensors), from a few weeks to 1 year, therefore power saving functionalities also matter.

	Dish Network
	Requirements should be derived based on the idea of reducing device cost while meeting key design targets which may be studied for each type of device in the first phase. LTE Cat 4 may be a good starting point. 

	Sony
	Industrial sensors: 
· [bookmark: _Hlk18597722]Uplink centric with low to medium UL data rate, e.g. 10kbps to 20Mbps and typically a low DL data rate. In some cases, a medium data rate of approx 20Mbps is required, e.g. for firmware updates.
· Support static to low mobility. 
· May support NR-rel.15 max Tx power and even lower.
· Long battery life of 1 to 3 years, as many devices have limited size/form factor and limited energy/battery resouces.
· Low to moderate latency.
· Uplink latency of 100 msec and downlink latency of 1 sec (good reachability).
· Reliability of 99.9%
· The new service performance requirements for Industrial Wireless Sensors as described in FS eCAV (S1-192867).
· 
Actuators: 
· Downlink centric with low data rate of 1Mbps. 
· Support medium to low mobility.
· Relatively long battery life time (e.g. in the order of couple of days – weeks, depending on the usage).
· Latency of the order of 10ms. 

Video surveillance cameras: 
· Uplink centric with medium UL data rate of 20Mbps to 50Mbps and a lower DL data rate of 1Mbps. 
· Support medium to low mobility.
· Relatively long battery life time (e.g. in the order of couple of days – weeks, depending on the usage). 

Smart wearables: Including smart watches, rings or devices integrated into clothing. Requirements:
· Lifestyle and wellness including video and audio streaming,
· 1 Mbps data rate for both uplink and downlink (up to 4 Mbps for high resolution audio).
· Mobility.
· May support NR-rel 15 max Tx power and even lower (14 dBm). Lower max Tx power may be required to support small form factor batteries
· Battery life of 1 to 2 week(s) with a limited size/form factor battery.
· Downlink latency of 1 sec (good reachability).
· sport/leisure, can include action cameras
· 1 Mbps data rate for both uplink and downlink (up to 20-50Mbps for action cameras for uplink and up to 4 Mbps for high resolution audio streaming). Up to 4 Mbps for high resolution audio.
· Mobility.
· May support NR-rel.15 max Tx power and even lower (14 dBm).
· Battery life of up to 1 week, considering the limited size/form factor and limited energy/battery resouces.
· Low to moderate latency.
· eHealth
· Up to 1Mbps data rate for both uplink and downlink (mainly uplink centric).
· Mobility.
· May support NR-rel.15 max Tx power and even lower (14 dBm).
· Battery life of one to two months, considering the limited size/form factor and limited energy/battery resouces.
· Low latency.
· Audio products (Headphone)
· Downlink centric, support high fidelity or lossless audio with data rate of up to 4 Mbps for high resolution audio.
· Support mobility.
For smart wearables in general, while a direct connection is required, a sidelink connection is also useful for various use cases (sidelink is part of another email discussion).

	MediaTek
	Defining different solutions that are tailored to specific use-case requirements work against economies of scale, leading to higher device costs that would slow down the adoption of NR-Light in the market. 
To avoid market fragmentation, a common set of requirements that covers a wide range of use cases should be considered for NR-Light.
Furthermore, as as agreed in RAN#84, we should avoid requirements that overlap with LPWA systems.
As a starting point, we suggest considering the following requirements:
· Peak data rate lower than eMBB 
· Battery life longer than eMBB and shorter than LPWA
· UE bandwidth between 5 and 20 MHz (FR1 only)
· Relaxed latency compared to URLLC
Coverage similar to eMBB

	Intel
	Key requirements:
· Reduced UE complexity 
· Reduced power consumption
· Data rates around 50 to 100 Mbps for both DL and UL (target peak rates may be asymmetric between DL and UL)
· Latency of the order of 100s of milliseconds
· Coverage similar to Rel-15 NR 
· Efficient coexistence with NR eMBB/URLLC

	Reliance Jio
	As most companies are quoting LTE category usecases, its too early to discuss the requirements. This should be revisited probably in release 19 or 20

	NOVAMINT
	· UL Data rate: 20 Mbps to 50/100 Mbps
· DL Data: 1Mbps
· Reliability: 99%;
· Battery life: at least several weeks and much better than eMBB
· Latency: up to seconds
· Stationary/semi stationary devices (relaxed mobility requirements and measurements?)

	Futurewei
	1. Video surveillance (UL peak data rate ~100Mbps)
2. Industrial sensors (peak data rates of 10~50Mbps)
3. Wearables for data rates ~10Mbps

	Kyocera
	· UE power consumption (more than 3 weeks battery life for smart watch, eHealth devices)
· Peak data rates of 10 Mbps – 100Mbps (DL) and 1 Mbps to 50 Mbps (UL)
· Design should focus on higher reliability over very low latency. 
· To support low end smartphones, 20MHz BW for FR1 with at most 2 antennas are supported. Latency should be better than 4G but relaxed compared to NR eMBB.  Power consumption reduction is especially critical as low end smartphones will not usually come with the biggest batteries. 

	Apple
	For wearables: we believe FR1 should be prioritized.
Target data rate: 10Mbps/5Mbps (DL/UL) and higher
Number of Rx Antennas: 1 or 2 depending on the bands
Number of Tx Antennas: 1
Battery life: at least a full day of active usage
Coverage: achieve similar coverage as R15 eMBB after compensating for Antenna gain loss due to small form factor
Latency requirements: should support diverse application scenarios, covering both latency-sensitive services (e.g. RTT of <10ms) and relaxed latency applications.



Evolution areas
What are the evolution areas that need to be considered beyond NR Rel-16? Based on the RAN#84 contributions and the online discussions, many companies mentioned
· Lower UE complexity compared to Rel-15 NR
· UE energy efficiency
· UE power class
· Coverage recovery

With respect to these areas, companies are invited to quantify and qualify the issue needing enhancements. E.g. it should be explained what is the issue with the UE complexity requiring enhancement (e.g. number of antennas or bandwidth). 
Small data transmission and relay/sidelink are not covered in this email discussion.

	Company
	Evolution areas

	OPPO
	Scope of working area:
1. RX reduction, 4RX/2RX to 2RX/1RX. The extreme case could be 4Rx to 1RX for above 2.5GHz in FR1.
2. Bandwidth reduction, Smaller RF band requirement, <100 for FR1, <200 for FR2
3. Smaller TX Power Class, 14dBm, 11dBm… 
4. UL/DL capacity decoupling. The method for UE UL/DL categorization. For Camera, Higher UL bandwidth is required. 
5. Optimization for slow mobility devices.
6. Coverage Compensation due to complexity reduction: DL repetition enhancement, UL repetition enhancement, PRACH, SSB.
7. Other complexity Reduction: fewer CORESETs, Search Spaces, Monitoring Occasions.
8. Interworking between WAN and PAN. It is to allow seamless switching (service continuity) between WAN and PAN.
9. Power Efficiency optimization for NR-light
10. Possible UE relay mechanism to support wearable devices
11. Control overhead reduction to support large number of connections, e.g. Broadcast/multicast/Cluster siganling

	Nokia
	General: We should minimize the L1 differences between the NR-Light modem and “full 5G” modem to the essentials
1. Bandwidth reduction (Down to 5 MHz / 10 MHz with FR1), FR2 down to 40 MHz (no new SSB structure)
2. Number of antennas (less RX antennas)
3. Coverage compensation (considering methods such as repetition as known from eMTC side with limited L1 impacts)
4. Battery life improvement


	Qualcomm
	In our view, the following areas can be further evolved/enhanced beyond Rel-16:
1. Support for half-duplex UE in FDD bands
Removing duplexers can lead to significant savings with multi-band support and improved RF performance
2. Lower UE device complexity
· Smaller bandwidth capabilities (<=20MHz for FR1)
i. Reuse Rel-15 SSB design
· Reduced number of Rx antennas (4Rx->2Rx->1Rx)
· Reduced PDCCH monitoring (e.g. number of CORESET/search space, BD/CCE limits)
3. Lower Tx power consumption
The motivation is to reduce peak current draw on the battery, facilitating smaller / less expensive battery
· Consider techniques to improve Tx PA efficiency with potential spec impact
· Lower Tx power class (e.g. 20dBm max power level)
4. UE power saving
The motivation is to focus on idle/inactive mode because for NR-Light use cases, it is expected that the percentage power consumption contribution from this mode would be much more significant compared to eMBB use cases.
· RRC_IDLE/INACTIVE mode power saving
i. Enhancements for I-DRX: Efficient page monitoring, RRM, etc
ii. Optimizations for low mobility devices/scenarios
· Upper layer techniques for power saving
· Efficient interworking between PAN and WAN
5. Overhead reduction
· Grant-free transmissions for less control signaling overhead
· Small payload efficiency
i. Delivery of small payload with low signaling overhead in connected mode
ii. Idle/inactive mode discussion is under RAN_P [Small Data Transmission enhancements for NR] email discussion
6. Coverage recovery
To compensate for coverage loss due to reduced antennas and max Tx power
· Based on repetition/bundling, etc
· Potentially related discussion under RAN_P [Rel-17 NR Coverage_enh]

	Vivo
	1. UE complexity reduction techniques
· Reduced UE supported BW by reusing Rel-15 initial access design, e.g. DL BW down to 5MHz/10MHz for 15KHz/30KHz in FR1. UE capability of supported DL BW and UL BW should be decoupled. 
· Efficient operation for reduced bandwidth Ues in a wideband system, including co-exitence with wideband Ues. 
· Reduced UE Rx antennas, including 1Rx and 2Rx
· UE catetories targeting different data rates
· PDCCH monitoring capability reduction
· Relaxed UE processing time capability
2. Further UE power saving compared to Rel-16. 
· IDLE/INACTIVE mode UE power saving, including paging WUS, RRM relaxation for serving cell.
· Further CONNECTED mode UE power saving enhancements compared to Rel-16, including UE monitoring reduction and RRM relaxation for connected mode (both serving and neighboring cells)
3. New UE power class with lower Tx power. A UE design with integrated transceiver and PA can be enabled by a lower Tx power class, which provides significant benefit for reducing device size and cost
4. Coverage compensation can be considered, focusing on coverage loss due to NR-light features, for example reduced UE Rx antenna, reduced BW, lower UE Tx power class, etc. 
5. Seamless switching/service continuation across different devices 

	Ericsson
	UE complexity (relevant to design/performance targets for data rate, latency): key issues associated with UE complexity reduction include
1. UE bandwidth reduction: study solutions for supporting UE with smaller BW than that is required of a Rel-16 NR UE. Solutions should not break backward compatibility and should aim to achieve good resource utilization efficiency.
2. Antenna configuration: Study number of antenna ports and beamforming gains suitable for NR-Light devices, and implication on performance in terms of data rate and coverage
3. Study modulation and number of MIMO layers suitable for NR-Light devices
4. Study solutions that allow more relaxed UE processing time compared to Rel-16 NR Ues
5. Focus on single carrier UE transmission/reception (i.e. no CA)
UE form factor: key issues include
6. UE power class: Study solutions for supporting a low UE power class suitable for operation with coin-cell battery
7. Duplexer avoidance: study solutions for enabling half-duplex UE operation in FDD bands
8. [Similar to #2 above] Smaller numbers of UE antennas compared to that required of Rel-16 NR Ues
UE battery lifetime enhancement: key issues include
9. Study solutions for longer DRX cycles in the inactive state 
10. Study CORESET configuration, search space configuration and blind decode requirement suitable for NR-Light Ues.
11. Other power saving features (e.g. wake-up signal for the inactive state)
Connection density:
12. Study enhancements needed for NR-Light to achieve the desired connection density target
System-level aspects: key issues include
13. Study solutions for enabling efficient multiplexing between NR-Light services with eMBB and URLLC services. For example, NR-Light should not result in any fragmentation or sinefficient uses of radio resources or significant reduction of eMBB/URLLC scheduling capacity.
14. Study coverage recovery solutions for compensating for coverage loss due to UE constraints. However, as agreed in RAN#84, NR-Light does not include LPWA use cases. Thus, it is very important that the coverage recovery solutions for NR-Light would not result in a solution that can be used for LPWA use cases.
 

	ZTE
	The major work of this study item is to decide the existing UE feature groups /compontents which are relevant to meet the key requirements of NR Light Ues and decide the mandatory components for different UE categories of NR Light Ues.  In addition, enhancements to the existing features would be studied. 
The following potential evolution areas can be considered for NR Light study:
· Lower UE complexity compared to Rel-15 NR
Solutions to support the following lower UE complexity techniques 
· reduced maximum bandwidth (RF and/or baseband)
· reduced peak rate (max. TBS, modulation order, etc)
· half duplex operation
· reduced number of antennas (or RF chains)
· limited support of DC or CA 
· limited support of multiple BWPs
· other baseband capability including but not limited to soft buffer size, maximum modulation order, processing N1, N2 parameter, number of CSI-RS ports, PDCCH monitoring etc.
· Enhancements due to the above reduced UE capabilities e.g. PDCCH/SSB/TRS enhancements
· Enhancements to support high density of NR Light Ues and coexistence with existing Rel-15/16 eMBB/URLLC Ues
· UE power class
· 20dBm for wearables, 14dBm-20dBm for sensors, 23dBm for others
· UE energy efficiency
· IDLE /INACTIVE state enhancements e.g. WUS(sequence based) for paging message, additional resource for RRM measurement, Introduce E-DRX length etc.
· PDCCH monitoring adapted to NR Light traffic (or this can possibly be considered in power saving WI if there is a such WI in Rel-17)
· Coverage recovery
· Support of the existing techniques including slot based aggregation, mini-slot based repetition, multi-TRP/beam repetition, PDCP duplication, frequency hopping and beamforming.
· Reduced TB size/DCI size 
· Relaxed requirements e.g. on synchronization 

	Samsung
	1. Complexity reduction
· Reduced UE RF bandwidth: [10] MHz for FR1, that can at least directly reuse Rel-15 NR SS/PBCH blocks.
· Reduced Rx antenna: 1 or 2 Rx antennas
· Reduced maximum data rates:  10-20 Mbps
· Identify necessary enhancement to support of HD-FDD
· Relaxations on UE processing requirements
· Reduced PDCCH monitoring requirements
· Reduced Max Tx power
2. Coverage Recovery to compensate reduced number of Rx antennas and, for some Ues, reduced Tx max power
· Repetition of UL/DL channels and by nabling DMRS interpolation across repetitions.  
3. Power savings:
· Inactive/idle mode including WUS for paging
· Study PDCCH monitoring by re-using and potentially enhancing Rel-16 support for UE power savings for connected mode
· Study processing time relaxation based power saving techniques
· Potential specification impacts from PDCCH/PDSCH/PUSCH processing time relaxation
· Relaxation of CSI processing including reduced and simplified CSI measurements and reporting compared to the mandatory features from Rel-15/16.
4. Control overhead reduction:
· SPS/Configured grant enhancements
· Improve spectral efficiency for scheduling a large number of Ues and small data payloads and reduce UE complexity/power consumption
· Early data transmission (EDT), pre-configured uplink tranmsision (PUR)
· Expected to be discussed in small data enhancement.
5. Connection density
· Congention control for massive number of NR-Light Ues, e.g., for initial access, PDCCH blocking/overhead

	Fraunhofer IIS,
Fraunhofer HHI
	· New UE Categories and Power classes for wearable devices, switches and actuators
· Power efficiency improvements
· Enhancements to enable relaying for wearables (depends on relay/sidelink discussion outside of NR-Light)
· Complexity reduction for control procedures
· HARQ enhancements to cater the demand for lower complexity while achieving reliability
· Higher UL data rate for cameras
· Massive access for a large number of devices

	Huawei, HiSilicon
	1) Lower UE complexity/capability compared to Rel-15 NR
Mid or high end (m)MTC devices is considered to have lower capability than NR Rel-15 eMBB/URLLC Ues so that they can have lower complexity and cost for new  MTC markets. The following aspects can be considered.
· UE bandwidth reduction, e.g., 5MHz or 10MHz for economic videos
· Simplified RF if necessary, e.g, 2 or 1 Rx and 1 Tx for sensors
· Simplified DL/UL procedures for UL dominant use cases such as video monitoring and IWSN sensors, e.g. simplified CSI measurement/feedback
· Coexistence of lower capability Ues with existing eMBB/URLLC Ues
2) UE energy efficiency mainly for IWSN sensors
The two promising upcoming MTC markets are with video monitoring cameras and IWSN sensors, in which energy efficiency is more important for IWSN sensors. It is important for these sensors to stay mostly in RRC_INACTIVE state for power saving and comparatively small data transmission.
· UE power saving for low capability Ues in both RRC_CONNECTED state and RRC_IDLE/INACTIVE states (Note the common power saving design is discussed in the power saving work area.)
· Grant-free data transmission in both RRC_CONNECTED and RRC_INACTIVE states (Note this is also discussed in small data.)
3) Connection/capacity efficiency for UL dominant traffics
Note that for the two potential new markets, the traffic is mostly UL dominant. This is different from the traditional eMBB traffic (DL dominant) or URLLC traffic (balanced bi-directional, e.g., closed loop control). Efficient supporting of UL dominated traffic with either massive frequent small packets (IWSN case) or constant QoS requirement streams is to be studied to really make the new application scenarios thrive.
· Efficient supporting of large number of frequently reporting sensors in industrial application scenarios
· Efficient supporting of UL dominant video traffic, e.g., 60~200 video surveillance cameras per cell
· Efficient supporting of continuous traffic in slow-varying channel, e.g, RS/control overhead reduction, link adaptation optimization, etc.
4) UE power class and potential coverage recovery
Extreme coverage is out of scope and the general coverage enhancement is discussed in the coverage enhancement work area. Only the extra coverage issues caused by lower UE capability of MTC devices shall be discussed here.
· Possible lower power class for sensors
· Uplink coverage compensation (if needed) e.g., due to lower power class
· Downlink coverage compensation (if needed) e.g., due to reduced receiving antennas


	Lenovo&Motorola Mobility
	Scope of working area:
· Physical layer channel/procedure design based on 5MHz UE bandwidth and 15kHz subcarrier spacing and 1 or 2 Rx antenna
· Reuse Rel-15 SSB design
· Half-duplex design without support of dynamic TDD
· Power saving for idle/inactive mode. E.g., WUS, eDRX 
· [bookmark: _Hlk18671094]Configured grant-based transmission for uplink
· Early data transmission 
· PDCCH blind detection reduction (light CORESET/SS configuration, reduced max number of blind detections and CCEs per slot)
· High aggregation level PDCCH for coverage enhancement
· Licensed-assisted and standalone operations in unlicensed spectrum
· Coverage enhancement via sidelink-based UE-to-network relay


	LG
	1. Support of low complexity devices
- minimum BW of [5]MHz for FR1 with reduced peak data rate of a few Mbps~[100]Mbps
- smaller number of TX/RX antenna ports than Rel-16 NR
- reduced operational complexities, e.g., reduced PDCCH monitoring capabilities, beam managements, etc.
2. Recovery of reduced coverage due to low complexity support, e.g., reduced number of TX/RX antenna ports, reduced minimum BW, etc.
3. UE power saving

	Sierra Wireless
	Complexity reduction techniques
· Peak UL/DL data rate reduction to ~80Mbps
· Bandwidth reduction 
· Ideally 20MHz but at least 10MHz in FR1
· 40MHz in FR2
· Number of antennas 
· No more than 2 RX
· 1 TX
· Half-duplex-FDD – to reduce cost per supported band and to allow world-wide support with one product. Also reduces UE size.
· Reduce PDCCH blind decoding
· Reduce mandatory features e.g. SCS
· Lower TX power <23 dBm

Coverage compensation techniques should only be used to recover DL coverage loss due to reduction in RX antennas (e.g max 5 dB coverage enhancement):
· Repetitions – within constraint of minimum data rate
· Interleaving, RV cycling, RV repetition, HARQ enhancements

Capacity enhancement techniques should be studied especially UL techniques given the large UL traffic expected for security cameras. 
· modulation order, MIMO, NOMA, small data

Power consumption reduction techniques should be studied in power reduction WID and Small Data WID – not in this WID

	GTO
	Complexity reduction 
· Peak rate Dl/UL 100/50Mbps
· Bandwidth redutcion 20 MHz (mn 10MHz)
· Max 2RX antennas and 1 TX antenna
Power consumption reduction techniques should be studied
· Larger DRX cyles in idle/inactive

	Xiaomi
	1. For cost reduction and complexity reduction
· BW reducetion 
· Rx reduction 
· Relaxed processing time
· Relexed measurements for low moblility requirements
2. For power saving
· Optimize the DRX based on the feature of service
· Optimize the RRM measurement and mobility support for some devices such as surveillance camera and smart home applicance
· Reduced PDCCH monitoring
· Optimize the beam management 
· Simply some procedures 
· Relay or sidelink transmission 
3. For coverage extension
· The existing coverage extension solution for MTC can be referred


	Spreadtrum
	· Low cost: Peak data reduction, low modulation orders, relaxing UE processing time
· Bandwidth reduction: <=20MHz for FR1
· Antenna reduction: 2 RX, 1 TX
· Coverage recovery/enhancement: Compensation for antenna reduction, and support R17 coverage enhancement features selectively (if any)
· Power saving: Support R16 power saving features selectively, and support R17 power saving features selectively (if any), addressing idle-mode power saving
· Small data: Support R17 small data features selectively (if any)

	NTT DOCOMO
	Following enhancements and optimization can be considered.
· Peak data rate
· Moduration order/TBS
· Duplex mode
· UE power Class
· Bandwidth reduction
· Multicast transmission
· Coverage enhancement
· We do not consider extreme coverage is needed in NR light. However, if coverage performance of NR light may be reduced, e.g. by reducing the number of Rx antennas, coverage enhancement is needed to keep coverage performance as in NR eMBB.
· Mobility
· Some optimization can be considered since Ues would be stationary or low-mobility both for video surveillance and industrial sensors
· Enhancements of overhead reduction
· Multicast and broadcast
· Configured grant

	CATT
	1. UE power saving
1. Low power  power saving signal/channel 
1. Reduce PDCCH monitoring
1. Dynamic adaptation of Scell/BWP
1. Dynamic antenna/maximum MIMO layer adaptation 

1. Bandwidth reduction
1. Consider CORESET0 design for small bandwidth less than minimum BW if supported
1. Co-existence with Rel-16 Ues
Peak UL/DL data rate reduction

	TCL communication
	Base design on chipset & RF cost as well as power consumption for the targeted TP and latency requirements.
· Smaller min BW than eMBB as 20MHz
· Reduced nb antennas as 2Rx and 1Tx
· Reduced nb of HARQ processes and UE processing timing
· Enable CE modes, eDRX, allow high aggregation level
· Support sidelink for local media exchange and lower TX power
Defined TDD profil with less options (e.g. specific frame and slots structure)

	SoftBank
	· UE capability reduction, for example
· BW reduction
· the change of fundamental design of Rel-15 NR should be avoided, e.g. SSB
· reduction of Tx/Rx chain
· relaxation of UE processing time
· reduction of repeak data rate
· Coverage recovery + enhancement (several dB)

	LGUPLUS
	· antenna reduction : 2Rx, 1Tx
(but video surveillance case needs to 2Tx)
· BW reduction : <=20MHz, FR1
· UE relay
· Half duplex UE in FDD

	CMCC
	The following designs can be considered,
1. UE cost reduction.
· Reduced bandwidth. In order to reuse the SSB and RMSI structure , the bandwith has to cover subset of intial bandwidth part defined by CORESET#0. However, if it is to small to support large aggregation levels of PDCCH(to support 8CCEs, intial BWP has to be larger than 5MHz for 30KHz SCS, while AL=16 means intial BWP is larger than 10MHz for 30KHz SCS), repetitions of common PDCCH such as type0/0A/1-PDCCHs may consume a lot of resources, resulting in a low data rate, so it will be a balance of UE capability and the data rate requirement.
· Reduced Rx/Tx antennas, this is useful for UE RF cost reduction and has proved to be effective in reducing UE power consumption in NR power saving study item.
· Other complexity reduction schemes such as limited PDCCH monitoring capability, lower power class, relaxed processing capability, etc.
2. Coverage recovery
· DL and UL repetition schemes to provide comparable coverage performance of NR Lite with NR eMBB/URLLC, including enhancement of broadcast channels, control channels, access channels and shared channels.
3. Power consumption reduction
·  Power saving schemes in addition to low capability UEs. Such as WUS of idle/inactive state, PDCCH skipping, etc. However, the power saving design will be treated in a separate WI, duplicated design should be avoided.
4. Co-existence with NR eMBB/URLLC
· Support of efficient multiplexing of NR lite UEs and NR eMBB/URLLC UEs in the same cell. Solutions to realize flexible scheduling and resource sharing can be studied.
5. Simplified measurement and mobility procedures.

	ORANGE
	· Peak date rate reduction: 10 to 100 Mbps DL peak rate depending on use case
· Bandwidth reduction (10 – 20 MHz in n78)
· Nb antennas: 2 Rx
· Power saving features
No reduction of transmit power for the sake of coverage

	Dish Network
	The following areas may be considered:
· Lower bandwidth
· Lower band combinations
· Smaller number of antennas
· Lower Tx power
· Lower mobility
· Coverage compensation by means of repetition
· Control overhead reduction 
· Reduced number of CORESETs, search spaces and monitoring occasions

	Sony
	Different approaches can be applied to support the above requirements. 
· Lower UE complexity compared to Rel-15 NR 
· Support reduced number of antennas, e.g., 2RX/1RX; 2TX/1TX.
· Reduced CORESET search spaces.
· Half-duplex operation.  
· Lower number of MIMO layer when applicable.
· Lower bandwidth of 5MHz.
· Lower peak data rates.

· UE energy efficiency
· Improve signaling in IDLE and INACTIVE. 
· Limiting/optimizing features such as mobility procedures or re-transmission procedure.
· Enhancements to wake-up signaling to include support for low power wake-up receiver.
· Techniques to improve TX PA power efficiency.
· Additionally, many of the items mentioned under complexity bullet can help improve UE energy efficiency.

· Support lower UE power class, e.g., 14dBm for FR1 and investigate new UE power class for FR2.
· Coverage recovery. Techniques such as reduced number of antennas, lower bandwidth and lower number of RX antennas will impact coverage. We expect the amount of coverage recovery required to be in the range of 6dB (based on coverage enhancement required in eMTC due to lower complexity, however coverage enhancement required for NR would need to be studied). Coverage recovery techniques would potentially need to be applied to several physical channels. Techniques include bundling, increased aggregation levels, frequency hopping and sidelink/relaying.
· Improved capability signaling for device.

	MediaTek
	We should try to minimize device fragmentation as much as possible for NR-Light. In our view, a device that can address multiple use cases will enable faster market adoption thanks to economies of scale. 
In addition, we should also try to minimize L1 design differences between Rel-16 NR and NR-Light. For example, the UE BW should be large enough to reuse Rel-16 SSB.
We suggest considering the following enhancements as part of NR Light:
Complexity reduction (define a device category to cover these aspects)
· Reduced peak data requirements
· Bandwidth reduction
· Reduced number of antennas
Standby power reduction
· Longer DRX cycles
· Early data transmission
· Power saving mode
UL coverage enhancements 
· Sidelink relaying
Some of the aspects above may overlap with other Rel-17 areas, in which case NR-Light considerations should also be taken into account in those WIs.

	Intel
	Areas for further evolution in Rel-17:
· Reduced UE complexity
· Reduction in the number of Rx antennas, down to 2Rx, 1Rx
· Limited BW support; max BW ≤ 20 MHz (FR1), reuse Rel-15 SSB design
· Simplifications to baseband operations mandatory in Rel-15, e.g., related to PDCCH reception, shared channel processing, reduced number of HARQ processes, etc.
· Reduced UE power class (e.g., 20 dBm)
· Reduced power consumption
· In general, aim for power consumption reduction with exact battery life targets depending on use cases/traffic model assumptions
· Reduction of power consumption in RRC_Idle and RRC_Inactive modes
· Enhancements to facilitate power consumption reduction for use cases with small data transmissions, e.g., EDT, PUR, etc.
· Coverage similar to Rel-15 NR
· Techniques to compensate for the loss in coverage in DL and UL due to simplifications of UE RF and baseband capabilities compared to Rel-15
· Coexistence with NR eMBB/URLLC
· Efficient multiplexing with other UEs/traffic types

	Reliance Jio
	All of the below should be considered BUT the below applies for all 5G NR devices, whats NR-Light in the below?. Ex: Coverage recovery will be extremely important for FR2…….
· Lower UE complexity compared to Rel-15 NR
· UE energy efficiency
· UE power class
· Coverage recovery


	NOVAMINT
	First we need to decide what are the devices targeted before to prioritize features – as it is, it goes everywhere
But if pure IoT was considered with use cases such as videos surveillance cameras as the main driver, here would be the areas to consider:
· Lower UE complexity/cost
· Less band combinations
· Power savings
· Coverage extension (similar to NB-IoT/mMTC)
· Relaxed requirements & measurements (similar to NB-IoT/mMTC)
· Higher UL data rate (video cameras)
· UE relays
· Long range D2D (3 to 5 km)
· Unlicensed band

	Futurewei
	- Lower complexity compared to Rel-15 (reduced number of antennas, reduced bandwidth, reduced monitoring) 
- Coverage enhancements (these enhancements would be needed because of the reduced functionalities respect to Rel-15 NR listed above).
- UE power saving, including INACTIVE/IDLE mode (these enhancements will likely be discussed in another email discussion dedicated to UE power saving).
Enhancements to UE power saving and coverage enhancements should be handled in other R17 dedicated items rather than in NR-Light.

	TIM
	Most of the use cases indicated seem to be related to Uplink transmission (expecially video surveillance)
Due to UL performance of NR (in particular when considering synchronised TDD macro networks), can a simplified device still meet the service requirements?

	Kyocera
	NR-Light should focus on the following topics:
· Reduce the number of Rx antennas
· Redue power consumption esp. in IDLE/INACTIVE including WUS in paging.
· Reduce the BW requirement e.g., less than 20 MHz

	Apple
	Potential enhancements include:
1) Relaxed requirements in RF bandwidth and number of antennas, while still able to reuse the basic configuration/signaling of existing NR design. 
2) Relaxed max number of HARQ processes to reduce HW complexity/memory requirement.
3) Coverage recovery (but not overlapping with LPWA use cases) to compensate for potential antenna gain loss
4) Power saving techniques to optimize battery life: e.g., extended drx in idle mode, PDCCH monitoring reduction, wake-up signal, etc.
5) Sidelink relay (if not covered by other R17 WI)




Other comments
Companies can provide additional comments here, if not covered by other subsections.

	Company
	Other comments

	Vivo
	1. The UE power saving features should be commonly applicable for both NR-light UEs and normal smartphones. The relation with the other identified Rel-17 working area [Powersaving_enh] should be carefully considered to avoid overlapping WI/SI scope and duplicated WG discussions.
2. The coverage enahncment features (if introduced) should be commonly applicable to both NR-light UEs and normal smartphones. The relation to another identified Rel-17 work area [Coverage_enh] should be carefully considered to avoid overlapping WI/SI scope and duplicated WG discussions.

	Ericsson
	The naming of “NR-Light” may give an impression that this is about adapting NR for visible light communication. To address this potential concern, we propose a slight revision to the naming – “NR-Lightweight” or in short either “NR-L” or “NR-LW”.

	ZTE
	Cost analysis and performance evaluation should be performed in this study item.  Cost analysis can be done similar to what was done for eMTC but considering different factors in NR e.g. different operation scenarios such as FR2.  Cost reduction due to different techniques on reduced UE complexity should be analyzed for different use cases.  The performance degradation to the potential reduced UE complexity should be evaluated. Performance evaluation on coverage enhancements and power saving techniques should also be performed to identify the right tradeoff e.g. between the cost reduction vs coverage reduction for various operation scenarios during this study item.

	Samsung
	Small data enhancement (in another email loop) can also apply for NR-Light, including early data transmission (EDT), pre-configured uplink transmission (PUR), further enhancement for UL configured grant in connected mode.
UE power saving enhancement (will be discussed in another email loop) can also apply and/or re-deisgned for NR-Light, including idle/inactive mode power saving techniqes, low power consumption power saving signal design, and any enhanced features from Rel-16 power saving techniqes (e.g., cross-slot scheduling, MIMO layer adaptation, RRM relaxation, UE assistance information, etc.)

	Fraunhofer IIS,
Fraunhofer HHI
	We agree with Samsung, that other topics may be relevant for NR-Light as well and should be considered:
· Small Data Transmission (i.e. PUR)
· Sidelink Enhancements (commercial Sidelink)
· Relaying

	Huawei, HiSilicon
	The name of the SI/WI should be more explicitly connected to the scope of the SID/WID. Although now we don’t know exactly before it is approved, it could be something like “Enhanced support for lower-complexity NR UEs” for instance. 

	Lenovo&Motorola Mobility
	NR light in unlicensed spectrum has multiple usage sceraios especially in industrial senor and smart home, which futher improves network coverage/capacity and reduces cost.


	LG
	1. Relationship with other items, that is, coverage enhancement item and power saving item should be clarified further
2. Study/specification of NR Light for FR1 can be prioritized over FR2
3. Good coexistence between NR Light UEs and normal NR UEs should be guaranteed in a same NR cell/carrier

	Sierra Wireless
	Coverage compensation techniques should only be used to recover DL coverage loss due to complexity reduction(e.g max 5 dB coverage enhancement).

Power consumption reduction techniques should be studied in power reduction WID and Small Data WID - not in this WID.

	GTO
	NR-Light should focus on basic feature set achieving reduced complexity compared to eMBB, allowing for an NR reuced complexity device addressing large number of use case scenarios. 

	Xiaomi
	1. Considering the requirement for the NR-Lite devices are quite diverse. it is better to consider defining different types/categaries for NR-lite devices to satisfy different requirements and reduce the cost correspondingly.
2. Overhead reduction: Delivery of small payload with low signaling overhead or early data transmission
3. Congestion control: For the massive number of NR-Light UEs, access control may be needed;


	Spreadtrum
	Some R17 topics may be discussed with NR-Light in parallel, e.g. power saving, coverage enhancement, small data. The optimization dedicated to NR-Light should be addressed in NR-Light topic.

	Vodafone
	Main requirement would be a medium complexity UE, lower than the device type we have defined in Release 15. 
New functionality (especially layer 1 changes) specific for such new devices types should be limited, and it should be simple to support such devices in existing networks with minimal/no fundamental network impact.
Agree with Spreadtrum on the review needed across email discussions to avoid duplication.

	LGUPLUS
	Industry environment has lots of obstacles and blocks,so it needs to support UE relay

	Dish Network
	We agree that NR-Light should focus on the basic feature set to reduce device cost and complexity compared to eMBB without going much into any segways

	Sony 
	Operation in unlicensed band for industrial use-cases can be considered. 
Some of the techniques in other potential Rel-17 work items are also applicable to NR-Light, including power saving enhancements, small data enhancements, coverage enhancements, lower capability, sidelink and UE relaying.   


	MediaTek
	NR Light should not conclude on too many different UE types/categories, as this will result in market fragmentation. It is preferred to aggregate common requirements for limited number of UE types/categories for economies of scale.

	Reliance Jio
	This is a non priority activity for Release 17. Most Operators have LTE to cover the usecases mentioned. Should be revisited in later releases.

	NOVAMINT
	Should focus on pure IoT stream: No nonsense trying to bring “smartphone” services such as voice… = if this is needed then the device is eMBB
Use cases summary:
· Real need for videos IoT – huge gap/huge demand
· in our view, IWSN = lpwan
· Wearables = real need but not for smart watches
Key aspects to consider: 
· UE Relaying + satellite needed as well
· For UE relay aspects / off network condition, sidelink should not necessary be the de facto assumption, at minimum investigation/study should be conducted on what is needed in term of power consumption aspects (especially if many devices involved), range, frequencies to be supported based on real market/vertical inputs and investigated what are the solutions at end to address market demand (not trying to adapt use case to the solution)
Key market&verticals expectations/feedback:
· No cannibalization of NB-IoT/LTE-M
· No nonsense different deployments options like it was done with NB-IoT – burden for many verticals
· No mix between mass market/leisure usage (covered by eMBB) and professional/vertical IoT on the same protocol (or strong prioritization between traffics needed to be done and guaranteed by the operators)
· Should support indoors and sub gigahertz frequencies (without cannibalizing LPWAN or if using LPWAN frequencies should consider to have lower frequencies such as 450 MHz deployed and used as reference for LPWAN especially for utilities).
· Operation in unlicensed bands to be considered for certain use cases

	Kyocera
	NR-Light should also focus on the following topics for wearables and public safety:
· Sidelink Enhancements 
· UE relaying 


Conclusions
Summary of use cases 
Companies highlighted three main use cases for NR Light devices: 
· Industrial Wireless Sensors (26 companies out of 34) 
· Video surveillance (22 companies out of 34) 
· Wearables (22 companies out of 34) 
It is suggested to focus on these 3 use cases in the potential Rel-17 study/work item.
Industrial Wireless Sensor Networks: Devices in such network include e.g. pressure sensors, humidity sensors, thermometers, motion sensors, accelerometers, etc. As compared to URLLC, this use case is more relaxed in terms of latency and reliability. On the other hand, the device cost and power consumption should be lower than in URLLC and eMBB. Use cases are described e.g. in TS 22.104, TR 22.832 and TS 22.804.
Surveillance camera use case covers video surveillance for smart city, factories industries etc. As example, TS 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. 
Wearables use case includes smart watches, rings, eHealth related devices and some medical monitoring devices etc. One characteristic for the use case is that the device is small in size.
In addition, low end smartphones were mentioned by 6 companies. It is proposed to discuss this use case later on once Rel-16 email discussion on this topic is concluded. With respect to other use cases beyond that, it is proposed that those are not discussed explicitly. However, it should be noted that any solution and a device type that is introduced should be generic so that it can be applied in many use cases. By this way, market fragmentation can be avoided. 
Deployment scenarios: Most companies mention indoor and outdoor deployments and FDD/TDD. Around 8 companies explicitly stated that both FR1 and FR2 should be included whereas 3 companies want to prioritizes only FR1. Thus it is suggested that both FR1 and FR2 are included in the scope.
Summary of key requirements
The key requirements are divided in the generic and use case specific requirements:
Generic requirements:
Device Cost: As mentioned by companies, one main motivation of this study item is to lower the UE device cost and complexity as compared to high-end eMBB device of Rel-15/Rel-16. This is especially the case for the for industrial sensors. It is assumed that the cost is reduced by reducing the supported bandwidth as well as RX antennas. However, it is understood the system should be backwards compatible and that Rel-15 NR SS/PBCH blocks should be reused.
Device size: One requirement is that the standard enables a device design with smaller size.
Coverage: It is common understanding that coverage of the cell would be similar to Rel-15/16 deployment except that there is need to compensate for the coverage loss due to reduced number of Rx antennas, reduced UE bandwith, transmit power level, and other UE complexity reductions.
Use case specific requirements: 
Industrial wireless sensors: Some 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 bit rate requirement is less than 2 Mbps 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 Survaillance: As described in TS 22.804, 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 is heavy in UL.
Wearables: Many companies mentioned LTE Cat 4 as a reference for the bitrate, corresponding to 150 Mbps/50 Mbps. However, some companies considered that also lower bitrates (< 20 Mbps) can be utilized, and even 1 Mbps (Sony). Battery of the device should last multiple days (up to 1 week).
Summary of evolution areas 
Companies highlighted four main evolution areas: 
1. UE complexity reduction or lower UE power class (31 out of 32 companies), 
2. UE power saving and battery lifetime enhancement (29 out of 32 companies), 
3. System aspects (28 out of 32 companies), and 
4. Support high UE density (6 out of 32 companies).
Thus, it is suggested to focus on these 4 evolution areas in the potential Rel-17 study/work item.
UE complexity reduction or lower UE power class: the features mentioned by most companies are
· Reduce number of UE antennas (26 companies): A majority of companies suggested 1 or 2 RX antennas and 1 TX antenna
· UE Bandwidth reduction (27 companies): No company suggests to have maxmimum UE bandwidth higher than 20 MHz in FR1. Some companies further suggested UE bandwidth to be limited to 5 or 10 MHz. For FR2, one company suggested UE bandwidth to be no higher than 40 MHz.
· Lower UE power class (13 companies): Proposed power levels range from 4 to 20 dBm.
· Half-Duplex-FDD (9 companies)
· Relaxed UE processing time or capability (8 companies)
UE power saving and battery lifetime enhancement: the features mentioned by most companies are
· Reduced PDCCH monitoring (17 companies): The enhancements mentioned include fewer CORESET and search spaces configurations, and small numbers of blind decodes and CCE limits.
· UE power saving in RRC Idle/Inactive (16 companies): Most companies did not include specific feature proposals, but a few companies suggested WUS, RRM relaxation
· Enhanced DRX for RRC Inactive or Idle (7 companies)
· Optimization for stationary devices with limited mobility (7 companies)
It is noted that power saving is discussed also in another email discussion. With respect to NR Light, the focus should be in less frequent data transmission and power consumption in IDLE/INACTIVE mode.
System aspects mentioned by most companies:
· Coverage recovery is needed to compensate the device complexity reduction, especially reduced amount of RX antennas (mentioned by 23 companies)
· SSB should be reused and and L1 changes minimized (9 companies)
· Backward compatibility and coexistence with wideband UE should be ensured (8 companies)
· UE relay or sidelink was mentioned (9 companies): However, these topics are addressed the sidelink enhancements email discussion.
Support high UE density
6 companies suggested to work on this evolution area. However, no single feaure is mentioned by more than 3 companies. The exact candidate features can be discussed further. 

Summary of ‘Other comments’
Here are some issues companies brought up. These can be discussed further.
· One company mentions that the features potentially introduced in this SI/WI should be generic and available to any NR UE.
· Two companies mention that ‘NR-Light’ may not be a suitable name and that ‘NR-Lightweigth’ or ‘Enhanced support for lower-complexity NR UEs’ may be more suitable.
· Two companies comment that the Rel-17 features Small Data Enhancements, Power Savings in Connected Mode, and Relaying should generally be applicable to NR-Light UEs. There is need to coordinate the study/work item scope and avoid overlap.
· One company thinks the number of new UE categories/types introduces for NR-Light should be minized to avoid market fragmentation.
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