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Introduction
A new study item on NR V2X [1] has been approved at the RAN#80 plenary, which is intended to support advanced V2X services beyond services supported in LTE Rel-15 V2X. The stringent requirements on latency and reliability imposed in TS 22.186 [2] in the context of advanced V2X services require enhancements to the current NR system. One of the main challenges is the definition of a new NR sidelink.
In this contribution, we give an overview of some sidelink design requirements for NR V2X.

Discussion
SA1 has identified 25 use cases for advanced V2X services and they are categorized into four use case groups: vehicles platooning, extended sensors, advanced driving and remote driving. The normative requirements for each use case group, given in TS 22.186 [2], depend on the characteristics of each use case group.
For Vehicles Platooning, where vehicles driving together in a same direction in a coordinated manner under the management of a leading vehicle, positioning accuracy is of utmost importance. The 3GPP system shall support relative longitudinal position accuracy of less than 0.5 m for UEs supporting V2X application for platooning in proximity.
For Extended Sensors, where vehicles can increase the perception of their environment beyond of what their own sensors can detect through exchanges of raw or processed data gathered by other members of the V2X environment, high data rate is one of the key characteristics. Support of a data rate of up to 1000Mbps is required in some cases with higher degree of automation.
For Advanced Driving, allowing vehicles to synchronize and coordinate their trajectories or maneuvers, and for Remote Driving, allowing to remotely control a vehicle, ultra-low latency and high reliability are required. It is required to support message exchange between a UE supporting V2X application and V2X application server for an absolute speed of up to 250 km/h.
The requirements in TS 22.186 are dimensioned to enable advanced V2X services, beyond those already implemented in LTE Rel.15 V2X. Future vehicles will most likely be equipped with both LTE V2X and NR V2X, their respective services being complementary: basic safety applications may use LTE-V2X, while advanced applications would use NR-V2X.
The requirements in terms of latency, reliability and throughput are summarized in Table 1, by taking into account the considered scenario for each use case. An absolute speed up to 250 km/h needs to be supported. A sidelink communication must be possible both under coverage and out of coverage, similar to Modes 3 and 4 in LTE V2X.


[bookmark: _Ref520996436]Table 1 – Overview of V2X performance requirements in TS 22.186
	Use case
	Max end-to-end latency (ms)
	Reliability (%)
	Payload (Bytes)
	Data rate (Mbps)

	Vehicles Platooning
	10-500
	99.99
	50-6000
	50-65

	Extended Sensors
	3-100
	95-99.999
	1600
	10-1000

	Advanced Driving
	3-100
	90-99.999
	300-12000
	10-53

	Remote Driving
	5
	99.999
	-
	UL:25/DL:1



These requirements directly impact the sidelink design. A low latency, high reliability, high throughput, flexible and forward-compatible sidelink will rely on useful features from the NR toolkit such as flexible numerology, flexible slot design, multi-antenna techniques. NR sidelink is expected to offer high system capacity and extended coverage. It is desirable to have a unitary sidelink design for both unlicensed ITS bands and licensed bands in both FR1 and FR2.
In LTE, sidelink connectivity takes place in the UL part of the spectrum for FDD, and in the UL subframes for FDD, mainly because of regulatory and implementation complexity reasons. LTE sidelink reuses the UL principles, having as baseline PUSCH design. For NR UL, after extensive simulation campaigns, both DFTsOFDM and OFDM were decided to be supported for PUSCH, being considered as complementary. While OFDM benefits from its good multiplexing capacity and better performance on highly frequency selective channels, DFTsOFDM has the advantage of a lower PAPR. In FR2, the flatter nature of the channel and the fine beamforming highly diminish the advantages of OFDM, DFTsOFDM being more fit for the harsh propagation conditions. The PAPR advantage of DFTsOFDM is in the order of 2.7dB for QPSK, 2dB for 16QAM and 1.8dB for 64QAM respectively, as it can be seen from Figure 1. The PAPR advantage is translated into increased robustness against non-linear distortion and thus into extended coverage range, particularly interesting for V2X communications. The PAPR advantage of DFTsOFDM is generally higher than the performance benefit of CP-OFDM, as it can be seen from Figure 2, where CP-OFDM outperforms DFTsOFDM by around 0.5dB for both QPSK1/2 and 16QAM3/4. For transmitting 200bytes with the simulation assumptions in Figure 2, 112RB are necessary for QPSK1/2 and 22RB with 16QAM3/4. 
Proposal: Target unitary sidelink design for both unlicensed ITS bands and licensed bands in both FR1 and FR2, having as baseline the NR PUSCH design.

For data channels, NR supports subcarrier spacings of 15kHz, 30kHz and 60kHz for FR1, and 60kHz, 120kHz for FR2. As it can be easily understood (and confirmed from Figure 3 and Figure 4, where the position of the first DMRS is l0=0), increasing the subcarrier spacing reduces the effective time duration of the slot and alleviates the Doppler effect, improving the performance, especially at high speed. But for the same amount of transmitted data, a larger bandwidth is necessary when increasing the subcarrier spacing occupation. It can be seen from Figure 5 and Figure 6 that increasing the carrier spacing can still increase the spectral efficiency at a given SNR. Nevertheless, when looking at the spectral efficiency at the target SNR ensuring a FER=10-1, it can be seen in Table 2 that the spectral efficiency is sensibly the same, regardless of the SCS increase within the current NR numerology, at both 40kmph and 280kmph. The current NR numerology is fit for V2X specific needs. Simulations in Figure 3 - Figure 6 assume CP-OFDM with 16QAM1/2 and the transmission of a data bloc of 200 bytes (112RB).

[bookmark: _Ref521682902]Table 2 - Spectral efficiency (b/s/Hz) @ SNR ensuring FER=10-1
	Spectral efficiency (b/s/Hz) @ SNR ensuring FER=10-1
	SCS = 15kHz
	SCS = 30kHz
	SCS = 60kHz

	40kmph
	2.52@20.2dB
	2.53@19.1dB
	2.52@18.5dB

	280kmph
	2.53@22dB
	2.52@19.7dB
	2.53@18.7dB



To be able to sustain high data rates with low latency into limited bands e.g. for ITS usage) at high speed, not only SCS but also RS design is a key factor to improve performance. Results in Figure 3, Figure 4, Figure 5, Figure 6 show the performance of several RS configurations (1, 2, 4 DMRS in a slot of 12 symbols with the position of the first DMRS l0=2) at high speed when sending a packet of 200bytes with a SCS=15kHz. With this configuration, with QPSK1/2, 62RBs/68RBs/84RBs are necessary for the transmission when 1/2/4 DMRS are present in the slot, while for 16QAM1/2 30RBs/34RBs/42RBs are respectively necessary. We assumed that data is not present in the symbols carrying DMRS, (like, for example, in the case of NR PDSCH/PUSCH scheduled from a fallback DCI format). Increasing the number of DMRS in the slot obviously improves the performance at high speed, but is penalizing from a spectral efficiency point of view. In the tested scenario, although less performing from a FER point of view at very high speed, the configuration with 2 DMRS per slot displays better spectral efficiency than the configuration with 4 DMRS per slot. NR RS design can be enhanced to support, for example, increased time domain density with reduced frequency domain density with respect to the current RS design. The current DMRS and PTRS designs can be used as a starting point.
Proposal: Consider DMRS designs with increased time domain density and reduced frequency domain density.

Control channel design for sidelink is yet another key aspect for ensuring low latency and high reliability. Principles currently investigated for URLLC control design, should be re-evaluated in a V2X scenario.
For both control and data sidelink channels, robustness and coverage are design targets. In LTE Rel.15 V2X, some enhancements were limited by the need of backwards compatibility or by considerations of coexistence with UEs from previous releases, regardless of the potential gains. A clean design for NR gives the opportunity of introducing from the very beginning technologies already identified as useful.
Proposal: Consider the robustness and coverage as design targets for both control and data sidelink.

Conclusion 
Proposal: Target unitary sidelink design for both unlicensed ITS bands and licensed bands in both FR1 and FR2, having as baseline the NR PUSCH design.
Proposal: Consider DMRS designs with increased time domain density and reduced frequency domain density.
Proposal: Consider the robustness and coverage as design targets for both control and data sidelink.
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Annex – Simulation assumptions and results 
[bookmark: _GoBack]Simulations are performed having as baseline the Rel-15 NR PUSCH design with following parameters:
	Carrier frequency 
	5.9GHz

	SCS/BW
	15kHz/50MHz
30kHz/100MHz
60kHz /100MHz:

	CP
	Normal

	Channel
	CDL-A-based NLOS from Table 6.2.3-1, TR 37.885

	DMRS configuration
	Configuration type 1, PUSCH mapping type A (slot size 12), PUSCH mapping type B (slot size 4, 7)

	Speed
	20kmph vs 20kmph (relative speed: 40kmph)
60kmph vs 60kmph (relative speed: 120kmh)
140kmph vs 140kmph (relative speed: 280kmph)

	FEC
	NR LDPC with 50 decoding iterations

	CFO
	0.1ppm at Tx and -0.1ppm at Rx

	HPA
	Polynomial, IBO=-8dB

	Packet size
	200bytes, 400bytes, 800bytes
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[bookmark: _Ref521013622]Figure 1 – CCDF of instantaneous normalized power of DFTsOFDM and OFDM for QPSK, 16QAM, 64QAM
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[bookmark: _Ref521678961]Figure 2 – Comparative performance of DFTsOFDM and CP-OFDM, QPSK1/2 and 16QAM3/4, 200 bytes
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[bookmark: _Ref521017819]Figure 3 - FER for different SCS, 40kmph
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[bookmark: _Ref521017821]Figure 4 - FER for different SCS, 280kmph
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[bookmark: _Ref521682624]Figure 5 - Throughput for different SCS, 40kmph
	[image: ]
[bookmark: _Ref521682626]Figure 6 - Throughput for different SCS, 280kmph
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[bookmark: _Ref521687195]Figure 3 - FER for different DMRS configurations, 120kmph
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[bookmark: _Ref521687207]Figure 4 - FER for different DMRS configurations, 280kmph
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[bookmark: _Ref521687209]Figure 5 - Throughput for different DMRS configurations, 120kmph
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[bookmark: _Ref521687211]Figure 6 - Throughput for different DMRS configurations, 280kmph
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