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Introduction
In this contribution, we show preliminary evaluation results for NR w.r.t spectrum efficiency and mobility in high speed vehicular scenarios. The evaluations results in this paper are link-level and need to be complemented by SINR values at the specified percentiles from system level evaluations at a later point.
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Evaluation methodology
Table 1 list IMT-2020 requirements [1] on spectral efficiency in mobility scenarios. This contribution focus on link evaluations in the high speed vehicular scenario in the rural eMBB test environment. TDL-A channel model is used, and speeds of 120 and 500 kmph are evaluated. The results may be used to obtain NR spectral efficiency at the given speed at an SINR point determined from system level simulations.

[bookmark: _Ref498326226]Table 1	Traffic channel link data rates normalized by bandwidth (from [1])
	Test environment
	Normalized traffic channel link data rate (Bit/s/Hz)
	Mobility (km/h)

	Indoor Hotspot – eMBB
	1.5
	10

	Dense Urban – eMBB
	1.12
	30

	Rural – eMBB
	0.8
	120

	
	0.45
	500



In the presented link level evaluations, due to the high doppler and low SNR working point, a conservative approach was taken to link adaptation; potential gains of following fast channel variations and SU-MIMO using dense CSI feedback are not reflected. A fixed bandwidth corresponding to roughly 10 MHz was assumed but as requirements are set in the spectral efficiency domain, this may be of secondary importance. The required SINR for reaching the spectral efficiency target should consequently be from the point in the curves where the throughput matches the target spectral efficiency. Reference signals, channel codes, etc were implemented according to the approved RAN1 specification (with overhead accounted for). Higher layer protocols, including MAC, PDCP, RLC were not included in the evaluations.
The NR standard supports a large set of DMRS densities, and the optimal DMRS pattern is a function of speed (among many other things). DMRS patterns were selected according to the analysis in [2] to match the receiver speed in the evaluation scenario. For the 700MHz evaluations, 15 kHz subcarrier spacing was chosen. For the 4GHz evaluations, 30 kHz subcarrier spacing was chosen – this improves resilience to high doppler, and will in the vast majority of deployments also provide sufficient robustness to inter symbol interference. More detailed simulation assumptions are given in Section 3 for the 500 kmph case, and in Section 4 for the 120 kmph case. Note that target spectral efficiency is different in the two cases.
[bookmark: _Ref498329564]Numerical evaluations 500kmph, TDL-A channel model
Table 2 and Table 3 show the simulation parameters used for the 500kmph evaluations for 700MHz, and 4GHz carrier frequency, respectively. The corresponding throughput curves are given in Figure 1 and Figure 2. 

[bookmark: _Ref498081447][bookmark: _Ref498081442]Table 2	Simulation parameters for 0.7GHz evaluations
	[bookmark: _Hlk498081318]Numerology, waveform
	Subcarrier spacing 15kHz, CP-OFDM

	Carrier frequency
	0.7GHz

	Codec
	NR LDPC codec including HARQ.

	Transmission rank
	1, fixed

	Channel
	TDL-A channel, 100ns delay spread

	DMRS 
	2 symbol DMRS (front loaded and one additional) with configuration type 1, no FDM with data and full power utilization in DMRS symbols. 

	UE speed
	500 kmph

	Antenna
	Tx1, Rx2

	Other overhead
	1 symbol control overhead per 14 symbols, one directional data allocation. PDCCH performance not included in simulations.

	Estimator
	Practical DCT based

	Allocation
	52 RB, 14 symbol slot (this is roughly 10MHz)




[bookmark: _Ref498081448]Table 3	Simulation parameters for 4.0GHz evaluations
	Numerology, waveform
	Subcarrier spacing 30kHz, CP-OFDM

	Carrier frequency
	4.0 GHz

	Codec
	NR LDPC codec including HARQ.

	Transmission rank
	1, fixed

	Channel
	TDL-A channel, 50ns delay spread

	DMRS 
	4 symbol DMRS (front loaded + 3 additional)  with configuration type 1, no FDM with data and full power utilization in DMRS symbols

	UE speed
	500 kmph

	Antenna
	Tx1, Rx2

	Other overhead
	1 symbol control overhead per 14 symbols, one directional data allocation

	Estimator
	Practical DCT based

	Allocation
	26 RB, 14 symbol slot (this is roughly 10MHz)
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[bookmark: _Ref498332333]Figure 1	Layer 1 throughput curves for evaluations at 500kmph with 700MHz carrier frequency and 15kHz subcarrier spacing. Target spectral efficiency of 0.45 bit/s/Hz is reached at 0dB SNR
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[bookmark: _Ref498332334]Figure 2	Layer 1 throughput for evaluations at 500kmph with 4GHz carrier frequency and 30kHz subcarrier spacing. Target spectral efficiency of 0.45 bit/s/Hz is reached at 0.5dB SNR. 

[bookmark: _Ref498329590]Numerical evaluations 120kmph, TDL-A channel model
Table 4 and Table 5 show the parameters used for the evaluations at 120kmph for 700MHz and 4GHz carrier frequency, respectively. The resulting BLER curves are given in Figure 3 and Figure 4. 
[bookmark: _Ref498332100]Table 4	Simulation parameters for 0.7GHz evaluations
	Numerology, waveform
	Subcarrier spacing 15kHz,  CP-OFDM

	Carrier frequency
	0.7GHz

	Codec
	NR LDPC codec including HARQ.

	Transmission rank
	1, fixed

	Channel
	TDL-A channel, 100ns delay spread

	DMRS 
	2 symbol DMRS (front loaded and one additional) with configuration type 1, no FDM with data and full power utilization in DMRS symbols.

	UE speed
	120kmph

	Antenna
	Tx1, Rx2

	Other overhead
	1 symbol control overhead per 14 symbols, one directional data allocation

	Estimator
	Practical DCT based

	Allocation
	14 symbol slot with 52 RB allocated




[bookmark: _Ref498332102]Table 5	Simulation parameters for 4.0GHz evaluations
	Numerology, waveform
	Subcarrier spacing 30kHz, CP-OFDM

	Carrier frequency
	4.0 GHz

	Codec
	NR LDPC codec including HARQ.

	Transmission rank
	1, fixed

	Channel
	TDL-A channel, 50ns delay spread

	DMRS 
	2 symbol DMRS (front loaded and one additional) with configuration type 1, no FDM with data and full power utilization in DMRS symbols. 

	UE speed
	120 kmph

	Antenna
	Tx1, Rx2

	Other overhead
	1 symbol control overhead per 14 symbols, one directional data allocation

	Estimator
	Practical DCT based

	Allocation
	14 symbol slot with 26 RB allocated
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[bookmark: _Ref498332181]Figure 3 Layer 1 throughput as a function of SNR. Evaluations at 700MHz carrier frequency at 120kmph using 15KHz subcarrier spacing. Target spectral efficiency of 0.8 bit/s/Hz is reached at 4.3dB SNR.	
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[bookmark: _Ref498332183]Figure 4	Layer 1 throughput as a function of SNR. Evaluations at 4GHz carrier frequency at 120kmph using 30KHz subcarrier spacing. Target spectral efficiency of 0.8 bit/s/Hz is reached at 4.1dB SNR.
Conclusions
The preliminary required SINR levels for reaching the spectral efficiency requirements are given by Table 2 below.
[bookmark: _Ref498607215]Table 2	Preliminary SINR levels required to reach SE targets (given the RS patterns and other assumptions made)
	
	120kmph
	500kmph

	700MHz rural scenario
	4.3 dB
	0 dB

	4GHz rural scenario
	4.1 dB
	0.5 dB
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