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1
Introduction
In RAN1 #84b, the evaluation assumptions for NR test was agreed in [1] including following test scenarios: indoor hotspot, dense urban, rural macro, urban macro and high speed. In this contribution, we provide initial UL simulation results for the dense urban and rural macro scenarios.
2
Simulation Assumptions
In this contribution, we focus on a single layer NR network with sub-6GHz carrier frequency.  Following simulation assumptions have been used based on [1] with modified parameters marked in bold. 
Table 1: System Simulation Assumptions
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Layout

Single layer

 - Macro layer: Hex. Grid



Single layer

 - Macro layer: Hex. Grid



Inter-BS distance  Macro layer: 200m 1732m 

Carrier frequency 

Macro layer: Around 4 GHz 

4GHz

Aggregated system bandwidth

200MHz (DL+UL)  80MHz

 (DL+UL)

Simulation bandwidth

Channel model

3D UMa 3D-UMa

Tx power 

BS: 44 dBm PA scaled with simulation BW

UE: 23dBm



BS: 49 dBm PA scaled with simulation BW

UE: 23dBm



BS antenna configuration

BS antenna pattern

BS antenna height  25 m  35 m

BS antenna element gain + 

connector loss

BS receiver noise figure

UE antenna elements

UE antenna height

UE antenna gain

UE receiver noise figure

Traffic model

Traffic load (Resource utilization)

UE distribution 80% indoor (3km/h), 20% outdoor 

(30km/h)

Uniform/macro TRP ([10] users per TRP for 

full buffer traffic)

50% outdoor vehicles (120km/h) and 50% 

indoor (3km/h)

10 users per TRP for full buffer traffic

User distribution: Uniform

UE receiver

Feedback assumption

Channel estimation

100%

MMSE-IRC as the baseline receiver



Realistic

SRS-based estimation error modelled for scheduling; 

Ideal channel estimation assumed for demod

4 Tx /Rx antenna elements 

Proposal: Follow TR36.873 

Proposal: Follow the modeling of TR36.873

9 dB



full buffer

20MHz per CC below 6GHz

Note: UE TX power scaling will impact final results

256 Tx /Rx antenna elements 

Follow the modeling of TR36.873

8 dBi

5 dB


In the simulations, the following UL centric frame structure is used. We assume 5% Guard band, 8.6% for CP, 2 symbols for uplink DMRS, 1 symbol for PDCCH, 1 symbol for uplink SRS and control and 1 guard symbol. This results in 11 symbols for PUSCH. The total overhead is 40%.
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Figure 1: UL Centric Subframe
The transmit power of the UEs for PUSCH is set based on open-loop power control with fractional pathloss compensation factor α = 0.8, and Po set at 23 dB above noise floor. The transmit power of the UEs for SRS is set based on open-loop power control with full pathloss compensation. All UEs transmit SRS in every subframe non-orthogonally. 
The estimated uplink channel for scheduling is generated through Gaussian perturbation of the true channel based on the SRS SINR, which is computed incorporating appropriate processing gains for combining across subframes. 
The estimated channel is used to whiten the uplink Rnn measured at the BS from past subframes. Prospective beams are derived from SVD of the whitened channel for each UE. 

The scheduler assumes multi-user MIMO transmission. The selection of UEs and beams to be scheduled is done using a greedy algorithm based on the proportional fair scheduling metric – the beams are processed from strongest to weakest and accepted into the scheduling set if that results in a significant improvement in the PF metric. Additionally, sub-band scheduling is employed in situations where the UEs may be limited by their maximum power.
3
Simulation Results

Table below shows the uplink spectral efficiency for Dense Urban and Rural scenarios for 10 UEs/TRP. Simulations have been run over a 20 MHz component carrier and scaled to the system bandwidth. The results shown for dense urban assume a system bandwidth of 200 MHz. The results shown for rural scenario assume a system bandwidth of 80 MHz. UE maximum transmit power limits have also been scaled appropriately. All throughput values and plots capture the impact of SRS-based channel estimation error for scheduling but assume ideal channel estimation for demodulation and decoding.
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Figure 2 : CDF of pathloss for dense-urban and rural

Table 2 presents the cell spectral efficiency per TRP and the edge user spectral efficiency for both scenarios. The target based on 3x IMT-Advanced spectral efficiency requirements is shown along with the value obtained from the simulation. 

Table 2
	
	Dense Urban
	Rural

	 
	Target
	Simulations
	Target
	Simulations

	Cell Spectral Efficiency [bps/Hz/TRP]
	5.4
	10.70
	2.1
	5.67

	Edge User Spectral Efficiency [bps/Hz]
	0.15
	0.68
	0.045
	0.050


Figures 3 and 4 respectively show the CDF of per-UE throughput and the per-BS rank obtained from the dense urban scenario simulation. Figure 5 shows the complementary CDF of the raw IOT per antenna and the effective IOT (defined in Section A.2.1.8 of [4]) per stream corresponding to other-cell interference, assuming MMSE receiver. These plots correspond to 200 MHz system bandwidth. Note that the effective IOT operating point (7 dB at 1% tail) is used in dense urban test environment for interference mitigation.
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Figure 3: UE Throughput : Dense Urban
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Figure 4: BS Rank : Dense Urban

[image: image6.emf]IOT (dB)

0 2 4 6 8 10 12 14 16

C

C

D

F

10

-3

10

-2

10

-1

10

0

IOT and effective IOT CCDF : 10 UEs/TRP, Dense-Urban, 200 MHz system bandwidth

Effective IOT

IOT


Figure 5 : Effective and raw IOT CCDF : Dense Urban

Figures 6 and 7 respectively show the CDF of per-UE throughput and the per-BS rank obtained from the rural scenario simulation. Figure 8 shows the complementary CDF of the raw IOT per antenna and effective IOT (defined in Section A.2.1.8 of [4]) per stream corresponding to other-cell interference. These plots correspond to 80 MHz system bandwidth. Note that a relatively low effective IOT (2 dB 1% tail) operating point is used for the rural macro test environment due to link budget considerations.
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Figure 6: UE Throughput : Rural
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Figure 7 : BS Rank : Rural
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Figure 8 : Effective and raw IOT CCDF : Rural
Observation 1: NR UL massive MIMO could meet 3x IMT-Advanced spectral efficiency requirements.

Observation 2: Effective IOT and raw IOT has large deviation for base stations with a massive MIMO configuration.

Based on these observations, we propose the following:

Proposal 1: Consider MU-MIMO for UL spectral efficiency evaluation in NR.

Proposal 2: Define maximum effective IOT threshold for UL spectral efficiency evaluation in NR for each test environment.

4
Conclusions 
In this contribution, we evaluated the UL spectral efficiency at 4GHz for NR “dense urban” and “rural macro” evaluation scenarios. It was shown that NR could achieve 3x LTE-advanced spectral efficiency in the tested scenarios. Based on our evaluation, we recommend the group to consider following proposals:
Proposal 1: Consider MU-MIMO for UL spectral efficiency evaluation in NR.

Proposal 2: Define maximum effective IOT threshold for UL spectral efficiency evaluation in NR for each test environment.
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Evaluation assumption

		Parameters		Dense urban		Rural

		Layout		Single layer
 - Macro layer: Hex. Grid
		Single layer
 - Macro layer: Hex. Grid






		Inter-BS distance 		Macro layer: 200m		1732m 

		Carrier frequency 		Macro layer: Around 4 GHz 
		4GHz

		Aggregated system bandwidth		200MHz (DL+UL) 
		80MHz (DL+UL)

		Simulation bandwidth		20MHz per CC below 6GHz
Note: UE TX power scaling will impact final results

		Channel model		3D UMa		3D-UMa


		Tx power 		BS: 44 dBm PA scaled with simulation BW
UE: 23dBm
		BS: 49 dBm PA scaled with simulation BW
UE: 23dBm


		BS antenna configuration		256 Tx /Rx antenna elements 

		BS antenna pattern		Follow the modeling of TR36.873

		BS antenna height 		25 m 		35 m

		BS antenna element gain + connector loss		8 dBi

		BS receiver noise figure		5 dB


		UE antenna elements		4 Tx /Rx antenna elements 


		UE antenna height		Proposal: Follow TR36.873 

		UE antenna gain		Proposal: Follow the modeling of TR36.873

		UE receiver noise figure		9 dB


		Traffic model		full buffer

		Traffic load (Resource utilization)		100%

		UE distribution		80% indoor (3km/h), 20% outdoor (30km/h)
Uniform/macro TRP ([10] users per TRP for full buffer traffic)		50% outdoor vehicles (120km/h) and 50% indoor (3km/h)
10 users per TRP for full buffer traffic
User distribution: Uniform

		UE receiver		MMSE-IRC as the baseline receiver


		Feedback assumption		Realistic

		Channel estimation		SRS-based estimation error modelled for scheduling; 
Ideal channel estimation assumed for demod
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