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Introduction
In this contribution, we show evaluation results for LTE regarding the IMT-2020 mobility requirements. After a brief review of the requirements and evaluation methodology, system-level SINR distributions and link-spectral efficiency results are provided. The results indicate that that the IMT-2020 requirements can be met.
The Requirement and the evaluation methodology
Table 1 list IMT-2020 requirements [1] on spectral efficiency in mobility scenarios. Each test environment further contains configurations with different carrier frequencies, 4, 30 and 70GHz for Indoor Hotspot, 4GHz and 30GHz for Dense Urban, and 700MHz and 4GHz for Rural. For each test environment, the requirement needs to be reached for at least one configuration.  
The evaluation methodology in [2] involves first generating median (50th percentile) uplink SINR from system-level simulations of the test environments above. Link-level simulations for the corresponding test environments are then used to verify that the required normalized traffic channel link data rates can be reached at the median SINR values.
The requirements are for the uplink, but proponents are encouraged to evaluate also the downlink.

[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



System evaluations – median SINR values
This section presents SINR distributions and median SINR values for the evaluated test environments.  Models and assumptions are according to the ITU guidelines [2]. It should be noted that a rather basic system configuration is assumed, not utilizing the full antenna configurations allowed, and with power control and scheduling parameters not specifically targeting high median SINR values, A selection of parameters is presented in 
Table 2	Models and assumptions
	Parameter
	Indoor hotspot
	Dense urban
	Rural

	Frequency
	4GHz
	4GHz
	700MHz

	BS antenna
	8x8x2
	8x8x2
	8x4x2

	UE antenna
	Isotropic
	Isotropic
	Isotropic

	Beamforming and transmission scheme
	Wideband eigen beamforming, SIMO
	Wideband eigen beamforming, SIMO
	Wideband eigen beamforming, SIMO

	Power control
	SNR target 15dB
alpha = 1.0
	SNR target 10dB
alpha = 1.0
	SNR target 10dB
alpha = 1.0

	BW allocation
	Full system BW
	Full system BW
	10 resource blocks



SINR distributions for downlink and uplink for the different test scenarios, and for propagation model A and B, are presented in Figure 1 - Figure 4. Downlink and uplink median SINR values are summarized in Table 3.
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[bookmark: _Ref510528433]Figure 1. Downlink and uplink SINR distributions for the indoor hotspot scenario with one sector per site
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Figure 2. Downlink and uplink SINR distributions for the indoor hotspot scenario with three sectors per site
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Figure 3. Downlink and uplink SINR distributions for the dense urban scenario 
[image: ] [image: ]
[bookmark: _Ref510528436]Figure 4. Downlink and uplink SINR distributions for the rural scenario
[bookmark: _Ref510529397]Table 3	Downlink and uplink median SINR values 
	Test environment
	Median downlink SINR
[model A / B]
	Median uplink SINR
[model A/B]

	Indoor Hotspot, 1 sector/site
	14.5 / 14.1dB
	14.2 / 13.8dB

	Indoor Hotspot, 3 sectors/site 
	11.0 / 10.7 dB
	14.8 / 14.5dB

	Dense Urban
	13.0 / 12.8dB
	8.6 / 8.8dB

	Rural
	14.9 / 15.3dB
	8.6 / 8.6dB




Link results – required SNR values
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. More detailed simulation assumptions are provided in Section 4.1. 
[bookmark: _Ref510534960]Models and Assumptions 
TDL models [2] are used for the different scenarios according to Table 4 where delay spreads and K-factors for line-of-sight (LOS) channels are chosen according to [4].
[bookmark: _Ref510607593][bookmark: _Ref510524424][bookmark: _Ref510607475]Table 4 Test environment, carrier frequency, and corresponding channel model parameters as used in the evaluations
	[bookmark: _Hlk510531487]Test environment
	Carrier frequency [GHz]
	TDL channel
	Delay 
spread [ns]
	K-factor [dB]

	Indoor Hotspot – eMBB, NLOS
	4
	TDL-i (TDL-A)
	39
	-

	 Indoor Hotspot – eMBB, LOS
	4
	TDL-iv (TDL-D)
	20
	13.3

	Dense Urban – eMBB, NLOS
	4
	TDL-iii (TDL-C)
	363
	-

	Dense Urban – eMBB , LOS
	4
	TDL-v (TDL-E)
	93
	22

	Rural – eMBB,  NLOS
	0.7
	TDL-iii (TDL-C)
	37
	-

	Rural – eMBB , LOS
	0.7
	TDL-v (TDL-E)
	32
	22

	Rural – eMBB , NLOS
	4
	TDL-iii (TDL-C)
	37
	-

	Rural – eMBB, LOS
	4
	TDL-v (TDL-E)
	32
	22



The layer-one configurations reflect a FDD deployment, where  control channel overhead for UL/DL and DMRS overhead is accounted for. For TDD, guard-symbols should be added to enable DL/UL switching.  It is here assumed that not more than an additional 2 guard-symbols per DL/UL switching is needed for this purpose. 
[bookmark: _Ref510607607]
Table 5	Simulation parameters for 700 MHz evaluations
	Numerology, waveform
	Subcarrier spacing 15kHz, CP-OFDM

	Codec
	LTE turbo codec including HARQ.

	Transmission rank
	1, fixed

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

	Antenna
	Tx1, Rx2

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

	Channel estimator
	Practical, slot based

	Allocation
	14 symbol slots, with 52 RB allocated




[bookmark: _Ref498329564]Numerical evaluations
In this section evaluation results of layer-one throughput are presented for the different Test environments (Indoor Hotspot/Dense Urban/Rural scenario) LOS and NLOS channels and for carrier frequencies selected from {700 MHz, 4GHz}, depending on the scenario. The required SNR values to meet the normalized data rate targets are summarized in Table 3.
As noted before, it is sufficient that one configurations per Test environment fulfils the IMT2020 requirements. Thus, here we focus on the best-performing configuration per Test environment for without and with DL/UL switching over-head; in Table 9, the Required SNR is noted for cases without and with frequent DL/UL switching over-head and for LOS as well as NLOS.





	Table 9 Required SNR values 
	Test environment
	Requirement
	Required uplink SNR 
(NLOS/LOS)
	Required downlink SNR 
(NLOS/LOS)

	Indoor Hotspot – eMBB
	1.5bps/Hz at 10km/h
	11.2/7 dB
	10/3.3 dB

	Dense Urban – eMBB
	1.12bps/Hz at 30km/h
	8.4/4.2 dB
	7/2.4 dB

	Rural – eMBB
	0.8bps/Hz at 120km/h
	6.3/1.8 dB
	6.1/-1 dB

	
	0.45bps/Hz at 500km/h
	4.1/-0.8 dB
	13/3.5 dB
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Figure 5	Uplink (left) and downlink (right) layer 1 throughput as a function of SNR for the Indoor Hotspot scenario at 4GHz.
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Figure 6 Uplink (left) and downlink (right) layer 1 throughput as a function of SNR for the Dense Urban scenario at 4.0GHz.
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Figure 7	Uplink (left) and downlink (right) layer 1 throughput as a function of SNR for the Rural scenario at 700 MHz and at 120 km/h.
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Figure 8 Uplink (left) and downlink (right) layer 1 throughput as a function of SNR for the Rural scenario at 700 MHz and at 500 km/h.
Summary
The required SINR levels for reaching the spectral efficiency requirements and the and achieved median SINR values are given by Table 10 below. 
Table 10	Required and achieved SNR values 
	Test environment
	Requirement
	Required downlink SNR 
(NLOS/LOS)
	Achieved median downlink SINR [model A/B]
	Required uplink SNR 
(NLOS/LOS)
	Achieved median uplink SINR
[model A/B]

	Indoor Hotspot – eMBB, 1sector/site
	1.5bps/Hz at 10km/h
	10/3.3 dB
	14.5dB / 14.1dB
	11.2/7 dB
	14.2dB / 13.8dB

	Indoor Hotspot – eMBB, 3 sectors/site
	1.5bps/Hz at 10km/h
	10/3.3 dB
	11.0dB / 10.7 dB
	11.2/7 dB
	14.8dB / 14.5dB 

	Dense Urban – eMBB
	1.12bps/Hz at 30km/h
	7/2.4 dB
	13.0dB / 12.8dB 
	8.4/4.2 dB
	8.6dB / 8.8dB 

	Rural – eMBB
	0.8bps/Hz at 120km/h
	6.1/-1 dB
	14.9dB / 15.3dB 
	6.3/1.8 dB
	8.6dB / 8.6dB 

	
	0.45bps/Hz at 500km/h
	13/3.5 dB
	14.9dB / 15.3dB
	4.1/-0.8 dB
	8.6dB / 8.6dB



Observation: The achieved median SINR values are higher than the required SNR values. Hence, the IMT-2020 mobility requirements are fulfilled. 
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Sim: {356333}

Varying scenario
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IMT 2020 requirements for 10 MHz BW
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Varying scenario
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tag = 'UL_2BSANT_1UEANT_TDL_E_93NS_30KMH_4000_MHZ'

IMT 2020 requirements for 10 MHz BW
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Varying scenario
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IMT 2020 requirements for 10 MHz BW
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