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1. 
Introduction

In the context of the ongoing Rel-14 RAN study, and latest Technical Report, Study on Scenarios and Requirements for Next Generation Access Technologies [1], this paper provides some evaluation considerations and proposals for the long range scenario (section 6.1.6 Extreme long distance coverage in low density areas in 38.913).
2. 
Background

This section includes scenarios attributes, as currently defined in the RAN TR [1], mainly for background and reference. Below is the latest Table from 38.913 that defines the attributes for “extreme rural” scenario.
Table 1: Attributes for extreme rural

	Attributes
	Values or assumptions

	Carrier Frequency
	Below 3 GHz

With a priority on bands below 1GHz

Around 700 MHz

	System Bandwidth
	40 MHz (DL+UL)

	Layout
	Single layer:

Isolated Macro cells

	Cell range
	100 km range (Isolated cell) to be evaluated through system level simulations.

Feasibility of Higher Range shall be evaluated through Link level evaluation (for example in some scenarios ranges up to 150-300km may be required).

	User density and UE speed
	User density: NOTE1
Speed up to 160 km/h

	Traffic model
	Average data throughput at busy hours/user: 30 kbps

User experienced data rate: up to 2 Mbps DL while stationary and 384 kbps DL while moving NOTE2


NOTE1:   Evaluate how many users can be served per cell site when the range edge users are serviced with the target user experience data rate.

NOTE2:   Target values for UL are lower than DL, 1/3 of DL is desirable.

In this controbution, we discuss the system level simulaiton assumption and methogologies for exterm rural (long range) deployment evaluations
3. 
Simulation assumptions for extreme rural (long range)

As part of the ongoing RAN/RAN1 discussion, a way forward [2] has been proposed about the above scenario, and their evaluation. Such way forward has received some support so far, and is considered a good baseline. In this contribution, we propose the following simulation assumptions for RAN1 discussion and potential endorsement.

In general, we propose to use a single cell evaluation, and simulate that environment with the requirement that the range edge users are serviced with a target data rate, and then observe how many users such a cell site can serve.
Proposal 1: For the evaluation of extreme long range scenario, consider a single cell evaluation (single cell SLS), e.g. 100km, and simulate the environment with the requirement that the edge users are served with a target user experience (user experienced data rate); then observe the aggregated packet arrival intensity that a cell site can serve.
We propose RAN1 to review and discuss the parameters shown in Table 2
Table 2: SLS simulation assumptions for long range scenario
	Parameters
	Assumptions

	Layout
	Singe Layer
Single, Isolated Macro cell

	Cell range 
	100 km range (Isolated cell)  NOTE1

	Carrier frequency 
	700 MHz

	Aggregated system 
bandwidth
	40MHz(DL+UL)

	Simulation bandwidth
	Companies report simulation bandwidth

	BS Tx power 
	49dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 49dBm

	UE Tx power 
	23dBm

	BS antenna configurations
	Up to 256 Tx/Rx

	BS antenna height 
	800m 

	BS antenna pattern 
	following 36.873

	BS antenna tilt 
	Companies report tilt

	BS antenna element gain + connector loss
	17dBi

	BS receiver noise figure
	5dB

	UE antenna configurations
	Up to 8 Tx/Rx

	UE antenna height
	1.5m

	UE antenna gain
	0dBi

	UE receiver noise figure
	9dB

	Pathloss Model
	See Table 3

	Channel model
	3D UMa in 36.873 or RMa in 36.814

	Traffic model
	FTP Model 1/3 with packet size 0.5 Mbytes, Poisson packet arrival rate of λ packets/second

	UE distribution
	100% outdoor: 50% UE 120km/h and 50% UE 3km/h
20 users for FTP Model 3
User distribution: Uniform

	Traffic load 
(Resource utilization)
	Evaluate the system load (20 * 0.5 * λ Mbytes/second) when the range edge users are serviced with the target user experience data rate.

	BS receiver
	MMSE-IRC as baseline, Advanced receiver is not precluded

	UE receiver
	MMSE-IRC as baseline, Advanced receiver is not precluded

	Feedback assumption
	Realistic 

	Channel estimation
	Realistic 


NOTE1: Feasibility of higher range shall be evaluated through link level evaluation (for example in some scenarios ranges up to 150-300km may be required).
Table 3: Path loss model modified from RMa in 36.814

	Path loss [dB]
	Shadow fading 
std [dB]
	Applicability range, antenna height default values

	Note: fc is given in GHz and distance (d) in meters!
	
	

	PL = max(PL1, PL2)
	 = 2
	hBS = 800 m, hUT = 1.5 m,
W = 100 m, h = 3 m
fc = 0.7 GHz

	PL1 = 22.0log10(d) + 28.0 + 20log10(fc)
	
	

	PL2 = 161.04 – 7.1 log10 (W) + 7.5 log10 (h) 
– (24.37 – 3.7(h/hBS)2) log10 (hBS) 
+ (43.42 – 3.1 log10 (hBS)) (log10 (d)-3) +
20 log10(fc) – (3.2 (log10 (11.75 hUT)) 2 - 4.97)
	
	


Proposal 2: Discuss detailed parameters for long range scenarios, our proposed Table 2 can be served as baseline.

For the path loss model given in Table 3, PL1 uses LOS model for 3D-UMa in 36.873 [3], while PL2 uses the NLOS model for RMa in 36.814 [4]. Figure 1 shows the distance dependent path loss based on path loss model proposed in Table 3 and simulation assumptions in Table 2.
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Figure 1 Distance dependent pathloss
Note that, another option for pathloss model is to use the one currently being used for LTE eMBMS study [5] which is based on the ITU-R 1546-5 [6]. 
Since the DL performance highly relies on the UE geometry and the UL performance highly relies on the pathloss. We propose to calibrate the UE geometry and pathloss CDF among companies with agree SLS simulation assumption.
Proposal 3: Calibrate the UE geometry and pathloss CDF among companies with agree SLS simulation assumption.
4. 
Evaluation methodologies for extreme rural (long range)
User experience, i.e. user experienced data rate, can be used as the key performance metric to define the extreme long range scenario system capacity. For each packet, the user experienced data rate can be calculate as the burst size divided by the duration from the time when packet arrives at the scheduler till the time when every bit of the packet has been successfully delivered over the air.

Proposal 4: User experience, i.e. user experienced data rate, can we used as the key performance metric to define the long range scenario system capacity.
Clearly, as the packet arrival rate λ increases, the user experienced data rate decreases due to increased queueing (scheduling) delay. We propose to use overall system offer load (aggregated packet arrival rate in the system in units of Mbits/second) as the capacity metric. For examples, assuming 20 users per TRP, each packet is 0.5Mbytes (4Mbits) and Poisson packet arrival rate is λ packets/second per user, the total system offer load is (80*λ Mbits/second) 

Proposal 5: Use overall system offer load (aggregated packet arrival rate in the system in units of Mbits/second) as the capacity metric
System capacity can be defined as the maximum system offer load when tail x% ([5%]) packet has the user experienced data rate greater than or equal to the QoS threshold ([2Mbps] for 3km/hr user and [384kbps] for 120km/hr user)

Proposal 6: System capacity can be defined as the maximum system offer load when tail x% ([5%]) packet has the user experienced data rate greater than or equal to the QoS threshold ([2Mbps] for 3km/hr user and [384kbps] for 120km/hr user) 
“Average data throughput at busy hours/user” in Table 1 can be evaluated as the average user experienced data rate when resource utilization is [90%].
Proposal 7: “Average data throughput at busy hours/user” in Table 1 can be evaluated as the average UE experienced data rate when resource utilization is [90%]
5.
Conclusion

In this contribution, we propose simulation assumptions and evaluation methodologies for long range deployment. Our proposals are as follows

Proposal 1: For the evaluation of extreme long range scenario, consider a single cell evaluation (single cell SLS), e.g. 100km, and simulate the environment with the requirement that the edge users are served with a target user experience (user experienced data rate); then observe the aggregated packet arrival intensity that a cell site can serve.
Proposal 2: Discuss detailed parameters for long range scenarios, our proposed Table 2 can be served as baseline.

Proposal 3: Calibrate the UE geometry and pathloss CDF among companies with agree SLS simulation assumption.
Proposal 4: User experience, i.e. user experienced data rate, can we used as the key performance metric to define the long range scenario system capacity.
Proposal 5: Use overall system offer load (aggregated packet arrival rate in the system in units of Mbits/second) as the capacity metric
Proposal 6: System capacity can be defined as the maximum system offer load when tail x% ([5%]) packet has the user experienced data rate greater than or equal to the QoS threshold ([2Mbps] for 3km/hr user and [384kbps] for 120km/hr user) 
Proposal 7: “Average data throughput at busy hours/user” in Table 1 can be evaluated as the average UE experienced data rate when resource utilization is [90%]
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