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1 Introduction
This paper gives our view on the scope of sidelink enhancement for Rel.17.
2 Principle for sidelink enhancement 
Common framework for different services
While Rel.16 sidelink is for V2X services only, several other services came into discussion for Rel.17 including: 
1. Public safety services use sidelink as UE relay to extend network coverage. 
2. IIoT service utilizes sidelink based local breakout concept to form a non-public network. 
3. NCIS service supports network control UE-UE direction communication for commercial use case. 
4. Enhanced vehicle communication 
While it is possible to have sidelink design dedicated to each service, it is clearly waste of standardization effort. Essentially sidelink is a link carry data thus a common framework (PHY structure, procedure etc.) of sidelink design should be standardized to support all services. (of course, there could be small optimization for different services). Thus, we propose the following: 

Proposal: Rel.17 sidelink aims to have a common design to support public safety, IIoT local breakout, NCIS and enhanced vehicle communication. 

Common framework for different frequency ranges

Rel.16 V2X SI decided to support both FR1 and FR2 with a common design. However, beam management for FR2 was not part of Rel.16 due to the limited time. As a result, FR2 sidelink can only work with wide beams thus sub-optimal performance. While our field trial in [1], also endorsed in TR38.822, showed the feasibility of wide beam based FR2 communication in V2V environment, further optimize FR2 performance is still necessary. Besides, our latest field trial, see appendix, also showed the feasibility of sidelink based beam management in V2X environment. Therefore, sidelink beam management should be part of Rel.17 work. And after that, any further sidelink enhancement should be optimized for both FR1 and FR2.  
Proposal: Beam management should be in scope of Rel.17 sidelink
Proposal: From Rel.17 and onwards, NR sidelink should be optimized for both FR1 and FR2. 

3 Sidelink based local user-plane
Local user-plane with remote control plane is a principle established in LTE V2X time where the data packet is shared locally without going outside of RAN. PC5/Sidelink is a typical local breakout type of communication. We further extended this concept by forming UE groups with a local manager for each group. The figure below showed the possible use cases for such local user-plane concept. For all the use cases, network provides control plane through FR1 carrier (good coverage with narrow bandwidth) and local data exchanges (u-plane):
1. NCIS: Network controls devices (both transmitter and receiver) to have device to device communication. One device (Local manager) may dynamically coordinate the radio resource within a group. 
2. IIot: 
a. Control: Local manager (as a proxy of the network) coordinates the radio resource within a group of devices. 
b. [bookmark: _GoBack]Devices send data to one local server for joint process and processed data is sent back to devices. 
3. Public safety: One device coordinates radio resource and other devices can relay data to extend coverage of network. 
[image: ]
Figure-1 Use cases of network controlled local breakout 
Based on the above use case, we have the following proposals:
Proposal: Rel.17 Sidelink enhancement should support the following features
1. Support Network (directly) controlled Device to Device communication (Split C-plane and U-Plane)
2. Support UE scheduling another UE (Resource allocation mode 2d) under network’s supervision. 
3. Support UE based relay to extend network coverage

4 Appendix: Field trial on beam based V2X (FR2)

Hardware:
In previous field trial [1], channel sounder based on passive widebeam antenna system called PANDA (Propagation And Network Data Acquisition system) is used. While it gives us the received signal strength information to show that mmWave works for V2V, it doesn’t have beamforming capability. 
In order to obtain beamformed information, PANDA is upgraded to PANDA2.0 which is a 360 field of view 28 GHz channel sounding system with a 65 MHz bandwidth capable of angle of arrival (AoA) and power measurements. 360 field of view is obtained by arranging four phased arrays in a square-shaped fashion where each individual array has a field of view of 90 degrees in azimuth, and 60 degrees in elevation. Each phased array is a 64 elements on market product, see https://www.anokiwave.com/products/awmf-0129/index.html for more details. 
The TX antenna is a 256 element phased array on market product, see https://www.anokiwave.com/products/awa-0134/index.html for details. The array can be used as four 64-element square sub-arrays, or 256-element array. For measurement purpose, we fixed transmitter beam to be a widebeam (60 degrees HPBW).  
In addition, a 360-degree 8K camera is mounted in the centre of the four phased arrays. The recorded video is used to analyse the environment of each measurement location during post processing. 


[image: ][image: ]

Figure-1: PANDA2.0 Tx and Rx (Left: TX , Right: RX )
Table-1: detail parameter for the field trial
	Carrier Frequency
	28GHz

	Signal Bandwidth
	65MHz

	Tx Power
	23dBm

	Tx Antenna:
	Directional

	Tx beamwidth 
	60° 

	Rx Antenna
	4 Array each with 64 antennas
50 beams per array
Sweeping all beams in 6ms 



[image: ]
Figure-2: Illustration of 50 beams in spherical manner
Field setup
The target of this field trial is to compare the quality of received signal with beam forming technology. The Transmitter is mounted on a telescopic rod. For V2I trial, transmitter antenna is elevated to ~10-meter-high while in V2V trial, transmitter is just above rooftop of the sprinter (for mobility). 

[image: ]

Figure-3: Tx and Rx vehicle setup

V2I trial setup
In V2I trial, the TX antenna is elevated to ~10m high using a telescopic rod which is the typical height of small cell base-station. Then the receiver vehicle moved around to measure the coverage as well as the beam related information.  The below figures the scenario setup. 
[image: ]
Figure-4: Bird eye view of V2I field trial
[image: ]
Figure-5: Transmitter antenna is elevated to ~10m high in V2I test

V2V (dual mobility) trial setup
In order to trial the real V2V communication, dual mobility test is also performed. In this case, the transmitter is lower to right above Tx vehicle rooftop. And both Tx and Rx vehicles are moving along the same road with real traffic between them. During the trial, the distance between Tx and Rx varies between 5-630m, signal quality has been very good through entire test while outage happens at some turns (where Tx and Rx vehicles LOS were blocked by a building.) Pls see an attached video in the ZIP file to illustrate the environment of the V2V test.  


[image: ]
Figure-6: Bird eye view of V2V field trial. (Tx and Rx vehicles moves into the real traffic)
[image: ]
Figure-7: Transmitter antenna is on rooftop of the sprinter (for V2V)

5 Beamforming gain and beam switching 
In order to show the beamforming effect, best beam based RSRP is compared with that from omni reception. Here Omni reception RSRP comes from post-combination of all beams’ signal. The below figure shows the RSRP difference and the average of 14dB gain has been observed when best Rx beam is selected.  
[image: ]
Figure-3: compare the signal power between best beam and omni beam. 

Additionally, NR beam switching procedure has been emulated with hysteresis-based beam selection: only when the new beam is x dB better than current beam will trigger a switch. Although it may select a sub-optimal beam, it effectively reduced the number of beam-switching. In below figure, we compare 3 cases: “no hysteresis”, “3 dB hysteresis” and “10 dB hysteresis”. Not only we give the number of beam switch (per 200ms window), we also correspond the frequent beam switching event with GPS data (red dot below illustrates the locations where more than 5 times of beam switching happened in 200ms window). And those locations are typically with large number of clutter or edge between building (switching from LOS to NLOS). Also, the RSRP lost due to imperfect beam selection is rather marginal. Even at 10dB hysteresis, the averaged lost is only around 1.08dB. 
[image: ]
	Hysteresis threshold
	RSRP lost (compare to the best beam)
	number of beam switches 
(in 200ms window)

	0 dB
	0
	4.26

	3 dB
	0.36
	1.12

	10 dB
	1.08
	0.38



Observation-1: Beamforming can bring significantly gain over omni antennas in FR2. 
Observation-2: Average beam switching period is in the range of 200ms while in specific scenarios, e.g. rich clutters or vehicle turning, the beam switching can happen much faster (in the range of 40ms)

6 Reference
[1]  	3GPP R1-1901899: "Additional field trial results from 39GHz vehicle to vehicle communications", AT&T.
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