SA Temporary Document
 8

3GPP TSG SA Meeting #73
SP-160558

New Orleans, Louisiana USA, 21 – 23 September 2016
Source:
Orange, KPN, China Mobile 
Title:
The Consideration of Deployment Scenarios for EE KPI
Document for:
Approval
Agenda Item:
16P.1
Work Item / Release:
FS_ENEFF / Rel-14
Abstract of the contribution: This contribution propose the deployment scenarios to be considered in calculating system-wide energy efficiency KPI.
Introduction
According to the defintion of  Energy Efficiency KPI in Section 5.1 TR21.866, various deployment scenarios are included to calculate the 3GPP system wide Energy Efficiency KPI 
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This contribution proposes to add the descriptions of potential deployment scenarios and the guidelines for estimating the parameters, bi , for capacity related EE KPI and, ci, for coverage area related EE KPI.
Proposal:
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5.1.3
Deployment Scenarios
5.1.3.1 
The general description
The deployment scenarios are described in terms of

·  Coverage

·  traffic density

·  connection density

The general definition of a deployment scenario is not restricted to any specific technical solutions to provide the required coverage and the traffic density.

· Coverage:

The coverage is the geographic area where the network or a network node such as a base station can communicate with the mobile devices with the required (minimum) QoS/QoE. 
For coverage per base station, it is defined to be the Maximum Coupling Loss (MCL) in uplink and downlink between a device and the Base Station site (antenna connector(s)) for a specific data rate target. The coupling loss is defined as the total long-term channel loss over the link between the UE antenna ports and the eNodeB antenna ports, and includes in practice antenna gains, path loss, shadowing and penetration loss, body loss, etc.
· UL MCL = UL Max Tx power - eNB Sensitivity

· DL MCL = DL Max Tx power - UE Sensitivity

In the following description, the coverage is described in Inter Site Distance (ISD)to represents the maximum distance between base stations in a given area where the QoE such as the minimum bit rate  and service continuity is guaranteed.

For air-bone access such as ground to air, cell range is used to describe coverage.

· Traffic Density & Connection Density

The traffic density is defined as the data volumes or the  aggregates of average bit rates for all the active devices (e.g. in CONNECTED mode) per unit of area. The connection density is defined to be the number of connections or devices in connected mode per unit of area. For example, a scenario of enhanced mobile broadband services for NextGen 3GPP system have the following requirements of the traffic and connection density[1];

· For devices with pedestrians (up to 10 kmph) and urban vehicles (up to 60 kmph), the 3GPP system shall support the aggregate traffic volume in the area at least the level of Tbps/ km2 with 200-2500 / km2 connection density.

· For mobile broadband such as live video, the 3GPP system shall support a UL of 50 Mbps and DL of 300 Mbps with 200-2500 /km2 connection density.

The potential deployment scenarios are described with the typical parameters related to the  EE KPI assessment e.g. deciding the relative importance of each of the scenarios to the total system power consumption and subsequent the calculation of the weight factors associated with each of the scenarios in the global EE KPI calculation.
5.1.3.2
 The possible deployment scenarios

The following table shows the descriptions of the possible deployment scenarios for NextGen 3GPP systems.  It includes the typical Inter Site Distance (ISD), the Traffic/Connection Density and the antennas elements for UE and Base Stations to be considered in assessing the system-wide ( EEglobal) power consumption and energy efficiency. 

	Deployment Scenarios
	Descriptions
	Inter Site Distance (ISD)/Cell Range

(max)
	Traffic/Connection Density

(max)
	UE/BS Antenna Elements/Carrier Frequency (Note 1)

	Dense urban
	Areas  covered by macro cells (or TRPs: Transmission Reception Point) with/without micro cells (or TRPs) such as city centres, commercial zones, transport hubs such as train stations etc with devices moving at a speed of a pedestrian (<10 kmph) or a urban vehicle (<60 kmph).
	Typical  

Macro ~ 200 m.

Micro: three TRPs.
	 10 to 20 users per cell/TRP. Other densities FFS.

eMBB: 

DL rate of 300Mbps and UL rate of 50Mbps per connection in 200-2500 /km2 connection density.


	UE: 

Up to 32 Tx and Rx antenna elements (~30 GHz)

Up to 8 Tx and Rx antenna elements (~ 4GHz)

BS: 
Up to 256 Tx and Rx antenna elements (~30 GHz or ~4 GHz))



	Urban macro
	Areas covered by large cells (using macro TRPs) with continuous and ubiquitous coverage e.g. in large urban residential areas, public parks, 
	Typical ~ 500 m.
	 10 users per cell/TRP

Guaranteed (DL) data rate up to 100 Mbps
	UE:

Up to 32 Tx and Rx antenna elements (~ 30 GHz)
Up to 8 Tx and Rx antenna elements (~ 4GHz)
BS:

Up to 256 Tx and Rx antenna elements (~ 30 GHz or ~ 4GHz or 2 GHz)

	Urban Coverage for Massive Connection
	Areas covered  by large cells for continuous and ubiquitous for high connection density such as IoT  devices. 
	macro only

 ~ 1732m,

 ~ 500 m
	 200k devices (NGMN) ~ 1m devices (5GPPP)/km2
	UE:

1 Tx (700 MHz, 2.1 GHz option)

BS:

2 Tx and 4 Rx ports (8 Rx ports as optional)

	Indoor Hotspot
	Areas with small  coverage size per cell (or TRP) and high traffic and connection density requiring consistent user experiences such as stadiums, shopping malls, exhibition centres, large office buildings, etc.
	Typical  ~ 20 m.
	10 users per cell/TRP
	UE:

Up to 32 Tx and Rx antenna elements (~ 30 GHz or ~ 70 GHz)

Up to 8 Tx and Rx antenna elements  (~ 4GHz)

BS:

Up to 256 Tx and Rx antenna elements (~ 30 GHz, or ~ 70 GHz, or ~ 4 GHz



	Rural


	Areas  covered by macro cells (or RTPs) with large and continuous coverage supporting high speed vehicles (< 120 kmph)
	ISD  ~ 5000m or 1732 m.
	10 user per cell (TRP)
	UE:

Up to 8 Tx and Rx antenna elements (~ 4GHz)

Up to 4 Tx and Rx antenna elements (~ 700 MHz)

BS:

Up to 256 Tx and Rx antenna elements (~ 4 GHz)

Up to 64 Tx and Rx antenna elements ( ~ 700 MHz)



	High Speed
	Dedicated areas covered  by cells (or TRPs) for high speed moving vehicles ( 500 kmph)  supporting consistent user experiences such as high speed train tracks where an antenna of relay node for eNB-to-Relay can be on top of the moving vehicle. 
	~ 1732m between RRH sites/2 TRP per RRH ( ~ 4 GHz) & between BBU sites/ 3RRH per BBU/ 1 TRP per RRH (~ 30 GHz).

Inter RRH site distance:  580m, 580 m, 572 m

~ 25 m ( small cells in carriages) 

 
	300 UE per macro cell/TRP (assuming 1000 passengers per high-speed train at the speed of 500 kmph and at least 10% activity ratio)

Supporting 500 active users at the same time.
	UE:

Up to 32 Tx and Rx antenna elements (~ 30 GHz)

Up to 8 Tx and Rx antenna elements (~ 4GHz)

Relay:

Tx/Rx: Up to 256 antenna elements
Relay Node: TBD

BS:

Up to 256 Tx and Rx antenna elements (~ 30 GHz, ~ 4 GHz, ~2 GHz)

	Extreme long distance coverage in low density areas
	Areas covered by some large macro cells with limited data  throughput and voice services  , e.g. Low ARPU regions, wilderness, areas where only highways are located. max DL data rate of 2Mbps for stationary devices and 384 kbps for moving devices. 


	100 km (150 km – 300 km in some scenarios
	Low user density ~ 16 users/km2
	

	Highway Scenario
	Coverage to support medium (30 kmph) high-speed moving vehicles (100 – 250 kmph). The key requirements are reliability/availability with mobility (fast handovers).
	macro cell: ~ 1732m,

500 m (optional)

Inter-Road Site Unit (RSU): 50 m
	50 messages/sec
	UE:

RSU Tx: Up to 8 Tx

RSU Rx: Up to 8 Rx

Vehicle Tx: Up to 8 Tx

Vehicle Rx: Up to 8 Rx

(~ 6GHz)

BS:

Tx: Up to 256 Tx

Rx: Up to 256 Rx


	Urban Grid for Connected Car
	Largely urban areas with highly densely deployed vehicles.  The key requirements are reliability/availability/latency in high network load and high UE density scenarios
	macro cell: 

~ 500m
	Average inter-vehicle (between two vehicles’ centre in the same lane) 1sec * average vehicle speed  (average speed 15 – 120kmph)
Pedestrian/bicycle dropping: average distance between UEs is 20m

Vehicle density:

Average inter-vehicle distance in the same lane is 2.5 sec * absolute vehicle speed. Baseline: The same density/speed in all the lanes in one simulation


	UE:

Vehicle Tx: Up to 8 Tx
Vehicle Rx: Up to 8 Rx
Pedestrian/bicycle Tx: Up to 8 Tx
Pedestrian/bicycle Rx: Up to 8 Rx

RSU Tx: Up to 8 Tx

RSU Rx: Up to 8 Rx

~ 6 GHz

BS:

Tx: Up to 256 Tx
Rx: Up to 256 Rx

	Commercial Air to Ground scenario  
	Large areas with “coverage/connection” to passenger aircrafts for mobile service provisioning for humans and machines  with moderate data rate and voice services  excl. air bone base stations.


	macro cell:   ~100 km

Relay: < 80 km
	UE speed: Up to 1000 kmph

Altitude: Up to 15 km
	BS to Relay: < 4 GHz

Relay to UE: TBD

	Light aircraft scenario
	Very large areas to support  humans and machines services (limited data & voice)  with moderate user throughput and low user density on board  general aviation aircrafts such as helicopters and small air plans without air-bone relay or base stations.

 
	macro cell: 

~ 100 km
	End user density in aircraft: < 6 users

UE (per aircraft)  speed: < 370kmph
Altitude: < 3km
	 < 4 GHz

	Satellite extension to Terrestrial
	Areas  covered by macro cells (or TRPs: Transmission Reception Point) with/without micro cells (or TRPs) such as city centres, commercial zones, transport hubs such as train stations etc with devices moving at a speed of a pedestrian (<10 kmph) or a urban vehicle (<60 kmph).
	
	Sparsely distrusted and outdoor only.
	Carrier Frequency < 4 GHz, 

Bandwidth: 40 MHz




Table 1 Deployment Scenarios for NextGen

Note 1: the lists of UE and Base Station Antenna Elements are only examples for considerations in EE and power consumption control in RAN which will be covered in the RAN study[2].

5.1.3.2
The considerations for calculating the parameters, bi  and ci, for global system EE KPI

The value to be selected for bi per each deployment scenario may need to make the following considerations;

· The  relative weight in proportion to power consumption :  

bi is calculated as the percentage of power consumption per each deployment scenario out of the total power consumption of the global system (including all the deployment scenarios).

bi  = EC scenario i /∑ l EC scenario l 
The power consumption per each EC scenario l can be calculated as the total sum of the power consumptions per each scenario i for all scenarios
The relative value of the weigh parameters gives considerations on the power consumption status for each scenario.

· The relative weight in proportion to traffic load/density
In consideration of the direct association of achievable energy efficiency with the traffic load/density of  network equipment or domain,  it may also be necessary to calculate the weight value to reflect the traffic volume/density for a given scenario.  In this case, the weighting value,  bi and ci , are calculated as the percentage of  the traffic load ( the traffic/connection density)  per each deployment scenario  out of the total traffic load of the global system.

For example, the achievable energy consumption  optimisation gain (the difference between  the cases with/without  energy optimisation applied)   from a dense urban area can be much less  than that in a rural area.  However, it can’t be claimed that the dense urban scenario is less energy efficient than the rural area.

bi  = V scenario i /∑ l V scenario l
This can be used for comparisons of energy efficiency between two systems that are designed to support different traffic/connection densities ,e.g. dense urban for eMBB vs. urban for mIoT.

· The relative weight in proportion to connection density

In some situations where network load is measured in connection density (DoC: Density of Connections),  it is appropriate to calculate the weighting values,  bi and  ci as a proportion of the connection density  per each scenario to the total aggregate connection density of the global system including all the deployed scenarios.
bi  = DoC scenario i /∑ l DoC scenario l
· The even weight :  

All scenarios are given the same weight in terms of their contributions (or implications) to the energy efficiency of the global system.

bi  = 1//∑ l scenario l 
As an example,  for an operator who have deployed all above listed  12 scenarios, the bi and ci should be calculated as 1/12.

Compared to the first three weight calculations, the even weight method assigns the same weigh for all deployed scenarios and thus does not reflect the differences in energy consumption, traffic load or coverage for each scenario. Therefore, it may allow a direct comparison of the global energy efficiency between two systems that deploy different scenarios, e.g. a system covering largely dense urban or urban areas vs a system largely covering indoor hotpot and rural areas.
· The weighting values for non-deployed scenarios 

A global system may not deploy all the listed scenarios.  The weighting values for those non-deployed scenarios should adopt zero.

bi = 0

The value to be selected for ci per each deployment scenario may need to make the following considerations;
· The relative weight in proportion to coverage
In consideration of differences in the required power by the base station to cover a specific geographic areas with the guarantee of minimum QoS/QoE , it is useful to consider the energy efficiency in association with size of the coverage.

ci  = Coverage scenario i / System Total Coverage
This can be used for comparisons of energy efficiency between two systems that targets at different geographic areas such as WiFi hotspots vs rural coverage.
· The even weight :  

All scenarios are given the same weight in terms of their contributions (or implications) to the energy efficiency of the global system.

ci  = 1//∑ l scenario l 
· The weighting values for non-deployed scenarios 

A global system may not deploy all the listed scenarios.  The weighting values for those non-deployed scenarios should adopt zero.

ci = 0

****************************************End of change*******************************************
_1527937166.doc
[image: image1.png]coverage area,
EC;

EEglubul, CoA = Z

scenario i




  


