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In RAN#84, NR Light was considered as one potential work area for Rel-17 [1]. Email discussion is ongoing to encourage views on the following aspects, focusing on use cases and requirements before RANP#85 and drafting of SID/WID from RAN#85 to RAN#86 [2]. 
•	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
In this contribution, we summarize our view on the above.
[bookmark: _Ref129681832]Discussion
Use cases and requirements
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 cameras are 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), see some examples in the table below. We 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, connection density, end-to-end latency, reliability, and expected cost. In particular, from the view of connectivity requirement, it  is assumed that a practical requirement of a ‘safe city’ use case is 30~50 video surveillance site per cell and 2~4 cameras per video surveillance site for economic video case, which adds up to 60~200 cameras per cell. 
Table 1. Example of video categories.
	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 sport 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 constrained


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.
· 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 time/frequency resource, 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. 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 TR 22.804, for instance, 
•	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 of sensors per gateway
•	Low cost, low complexity
Different 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. 
Common operation scenarios
For the potential new markets discussed above, the operation scenarios could be
· Frequency band: FR1 is prioritized, which is typical for the considered application scenarios. Bandwidth or antenna reduction for FR2 may directly contradict its design philosophy, and there is no strong motivation to use FR2 to cover the application scenarios identified. However, frequency band agnostic design is fine to be considered.
· Scenarios: e.g., Dense urban, rural, indoor hotspots, factory (e.g. IIOT channel model).
· Bandwidth requirement: e.g., 5MHz /10MHz for IWSN and economic videos, 10~20MHz for mid-end video. The number is estimated according to IMT 2020 self-evaluation results [3]. The average NR UL spectral efficiency in Dense Urban and Indoor Hotspot scenarios can be a few bit/s/Hz/TRxP when CF = 4GHz (One example given in table 2). With 5/10MHz bandwidth, the average UL data rate is about 7/14 Mpbs/TRxP (e.g., 6.14 bps/Hz * 5 MHz or 10 MHz * 1/5 UL ratio = 6.14 or 12.28 Mbps), which is sufficient to satisfy the data rate requirement for the economic videos and IWSN sensors as discussed above. Furthermore, with less bandwidth, less power consumption according to [4], which is beneficial especially for IWSN sensors. 
Table 2 UL spectral efficiency for NR in Dense Urban/Indoor Hotspot – eMBB
(Evaluation configuration A, CF=4 GHz, TDD)
	
Scenarios
	Scheme and antenna configuration
	SCS
(kHz)
	Frame structure
	ITU
Requirement
	Channel model A

	
	
	
	
	
	Number of samples
	BW=20MHz

	Dense Urban
	2x32 SU-MIMO, Codebook based, OFDMA; gNB Config = (8,8,2,1,1;2,8)
	30
	DDDSU
	Average [bit/s/Hz/TRxP]
	5.4
	1
	6.14

	
	
	
	
	5th-tile [bit/s/Hz]
	0.15
	
	0.28

	Indoor Hotspot (12TRxP)
	2x32 SU-MIMO, Codebook based; gNB Config = (4,4,2,1,1;4,4)
	30
	DDDSU
	Average [bit/s/Hz/TRxP]
	6.75
	1
	6.95

	
	
	
	
	5th-tile [bit/s/Hz]
	0.21
	
	0.39



Summary of requirement
From the discussion above, we see that there are different requirements for different type of NR Light UEs, and the corresponding UE capability levels may also be different. We summarize the views for the two typical NR Light devices, e.g., video cameras and IWSN sensors, in the following figures. 
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	a) Different requirement for different types of NR Light devices, e.g., video cameras and IWSN sensors.
	b) Different UE capability levels for different NR Light devices, e.g., economic (low end) videos, mid end videos, or IWSN sensors.


Figure 1 Summary of potential requirements and UE capability levels for different types of NR Light UEs.
For instance, from requirement aspect, IWSN sensors may have lower data rate requirement compared with video cameras, but it would have even higher connection density demand than NB-IoT due to dense distribution of sensors in local areas and more frequent data transmission. From UE capability aspect, IWSN sensors may need reduction in HD-FDD, antennas and MIMO layers, but video camera may not have that strong need since they have to maintain good enough data rate.
Potential areas to work on
One good value of studying lower capability UE is to fill the NR market with growing number of diversified terminals. Though from a single UE aspect, its capability is reduced in some way to reduce cost or energy consumption, the capacity or connection density demanded from the network side could be even larger. In another word, simplified UE and enhanced connectivity need to be jointly considered.
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., 5 MHz or 10 MHz 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 
3) Connection/capacity efficiency for UL dominant traffic
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 (video surveillance case) is to be studied to really make the new application scenarios thrive.
· Efficient support of large number of frequently reporting sensors in industrial application scenarios, e.g., grant-free transmission with DMRS enhancement, enhanced capability to deal with collisions in shared resource, etc.
· Efficient supporting of UL dominant video traffic, e.g., 60~200 video surveillance cameras per cell
· Efficient support 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
Relation with other work areas
As has been mentioned by many companies in the email discussion, there is relation between the considered scope of NR Light and some other work areas such as power saving [4] and coverage enhancement [5]. In order to avoid potential overlap, we suggest the common design of power saving and coverage enhancement for all UE types should be considered in the respective work are, with some design (if necessary) tailored for lower capability UEs should be considered in NR Light.
Conclusions
In this contribution, we discussed our view on NR Light, namely the motivation and potential use cases that call for lower capability UEs and the potential areas to work on:
· Lower UE complexity/capability compared to Rel-15 NR
· UE energy efficiency mainly for IWSN sensors
· Connection/capacity efficiency for UL dominant traffic
· UE power class and potential coverage recovery

On a final point, the name of the SI/WI should be more explicitly connected to the scope of the SID/WID. Although the scope will be known exactly only when a SI/WI is approved, it could be e.g. “Enhanced support for lower-complexity NR UEs”.
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