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1
Introduction

This contribution presents a text proposal for [1] to include the evaluation methodology for LTE-A studies. 
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TP

-------------------------- Start of text proposal --------------------------
Annex A: Simulation model

Editor's note: This annex will capture the evaluation model such as case in 25.814, micro cell, indoor and rural/high-speed for performance evaluation in RAN WG1.
A.1
Link simulation Scenarios

[…]
Link simulation analyses with (8x8) DL MIMO configuration can be conducted in relation to studies concerning the peak data rate requirements set forth in [36.913].
A.2
System simulation Scenarios

A.2.1
System simulation assumptions

[…]

A.2.1.1
Reference system deployments

This section describes the reference system deployments to use for the different system evaluations. 
A.2.1.1.1
Homogeneous deployments

The minimum set of simulation cases is given in Table A.2.1.1-1 along with additional assumptions related to carrier frequency (CF), Inter-site distance (ISD), operating bandwidth (BW), penetration loss (PLoss) and UE speed. 
For 3GPP cases only, the system simulation baseline parameters for the macro-cell deployment model are as specified in [TR 25.814], with the modifications given in Table A.2.1.1-2. 
For the ITU cases, simulation parameters should be aligned with the ITU guidelines in [IMT Eval], some of which are reflected in Table A.2.1.1-1. Note that [IMT.EVAL] section-8 defines different antenna horizontal and vertical pattern from those defined in Table A.2.1.1-2 which is for 3GPP case evaluation only. 

Table A.2.1.1-1 – UTRA and EUTRA simulation case minimum set

	Simulation
	CF
	ISD
	BW
	PLoss
	Speed
	Additional  Simulation 

	Cases 
	(GHz)
	(meters)
	(MHz)
	(dB)
	(km/h)
	parameters

	3GPP case 1
	2.0
	500
	FDD:10+10  TDD: 20
	20
	3
	Table A.2.1.1-3 and 25.814

	3GPP case 3
	2.0
	1732
	 FDD:10+10  TDD: 20
	20
	3
	Table A.2.1.1-3 and 25.814

	ITU Indoor,  
Indoor hotspot scenario
	3.4
	60
	FDD:10+10  TDD: 20
	N.A.
	3
	[IMT Eval] Section 8

	ITU Microcellular, 
Urban micro-cell scenario
	2.5
	200
	FDD:10+10  TDD: 20
	See [IMT Eval] Annex.1
	3
	[IMT Eval]

Section 8

	ITU Base coverage urban,
Urban macro-cell scenario
	2.0
	500
	FDD:10+10  TDD: 20
	See [IMT Eval] Annex.1
	30
	[IMT Eval]

Section 8

	ITU High speed, 
Rural macro-cell scenario
	0.8
	1732
	FDD:10+10  TDD: 20
	See [IMT Eval] Annex.1
	120
	[IMT Eval]

Section 8


Table A.2.1.1-2 – 3GPP Case 1 and 3 (Macro-cell) 
system simulation baseline parameters modifications as compared to TR 25.814
	Parameter
	Assumption

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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 = 70 degrees,  Am = 25 dB 

	Antenna pattern (vertical)

(For 3-sector cell sites with fixed antenna patterns)
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 = 10 degrees,  SLAv = 20 dB

The parameter 
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is the electrical antenna downtilt. The value for this parameter, as well as for a potential additional mechanical tilt, is not specified here, but may be set to fit other RRM techniques used. For calibration purposes, the values 
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= 14 degrees for 3GPP case 1 and 
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= 7 degrees for 3GPP case 3 may be used. 

	Channel model
	3GPP Spatial Channel Model (SCM) [TR 25.996]

For single transmit antenna evaluations, the Typical Urban (TU) channel model may be used

	Total BS TX power (Ptotal)
	43dBm – 1.25, 5MHz carrier,   
46/49dBm – 10, 20MHz carrier

	UE power class
	 23dBm (200mW)

	In addition to the antenna bore-sight orientation in TR25.814 (center direction points to the flat side), an optional orientation as shown can be used if needed in Coordinated Multipoint study (i.e., point to corners)
	




A.2.1.1.2
Heterogeneous deployments

Heterogeneous deployments consist of deployments where low power nodes are dropped throughout a macro-cell layout. A subset of the macro-cell layouts described in section A.2.1.1.1 could be used for heterogeneous network deployments evaluation. For calibration purpose, the following cases should be used

· Case 1

· Case 3

· Rural/high speed

To assess the benefit of adding low-power nodes to become a heterogeneous network, performance comparison should be made to homogeneous macro-cell only deployment. 

The categorization of the low power nodes is as described in Table A.2.1.1.2-1. 

Table A.2.1.1.2-1. Categorization of new nodes

	
	Backhaul
	Access
	Notes

	Remote radio head (RRH) cells
	0 latency to macro
	Open to all UEs
	Placed outdoors

	Hotzone cells
	X2
	Open to all UEs
	Placed outdoors

	Femto cells
	FFS
	Closed Subscriber Group (CSG)
	Placed indoors

	Relay nodes
	Through air-interface with a macro-cell (for in-band RN case)
	Open to all UEs
	Placed outdoors


Table A.2.1.1.2-2 presents the baseline parameters for initial evaluations in heterogeneous networks. More detailed modelling of new nodes propagation and channel model based on IMT.EVAL should be considered for performance evaluation at a later stage. 

Table A.2.1.1.2-2. Heterogeneous system simulation baseline parameters
	Parameter
	Assumption

	
	RRH / Hotzone
	Femto
	Relay

	Nodes per macro-cell
	1, 2, 4 or 10

	Distance-dependent path loss*
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R in km, the number of floors in the path is assumed to be 0.
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R in km for backhaul to macro
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R in km, for UE access

	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.41.4 [ETSI TR 101 112]

	Shadowing standard deviation
	10 dB


	10dB


	Macro to relay: 6 dB

	
	
	
	Relay to UE: 10 dB

	Shadowing correlation
	Between cells
	0.5
	0.5
	0.5

	
	Between sectors
	N/A
	N/A
	N/A

	Penetration Loss  
	20 dB for Case 1,3; See ITU.Eval for ITU Rural
	N/A
	Macro to relay: 0 dB

	
	
	
	Relay to UE: 20 dB for Case 1,3; See ITU.Eval for ITU Rural

	Antenna pattern  (horizontal)
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 = 70 degrees,  Am = 20 dB for relay-macro link. TDD relay may reuse the same omni-directional coverage antenna as in relay-UE linksthe donor antenna.
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 for relay coverage antenna to UE. Use of antenna downtilt and a corresponding vertical antenna pattern is FFS.

	Carrier Frequency
	CF= 2GHz

	Channel model
	If fast fading modelling is disabled in system level simulations for relative evaluations, the impairment of frequency-selective fading channels shall be captured in the physical layer abstraction. For SIMO, the physical layer abstraction is based on TU link curves. For MIMO, the physical layer abstraction is FFS.

	UE speeds of interest
	3 km/h for case 1 and micro-cell
120 km/h for rural high speed

	Doppler of relay-macro link
	Jakes spectrum with 1Hz

	Total BS TX power (Ptotal)
	30 dBm – 10MHz carrier
	20 dBm – 10MHz carrier
	30 dBm – 10MHz carrier, for relay to macro

	
	
	
	30 dBm – 10MHz carrier, for relay to UE

	UE power class
	23dBm (200mW)

	Inter-cell Interference Modelling
	UL: Explicit modelling (all cells occupied by UEs), 

DL: Explicit modelling else cell power = Ptotal

	Antenna configuration
	4 tx , 4 rx
	4 tx , 4 rx
	4 tx , 4 rx for relay donor antenna to macro

	
	
	
	4 tx , 4 rx for relay coverage antenna to UE 

	Antenna gain + connector loss [Motorola: reference for these values?]
	5dBi
	5dBi
	7dBi for relay donor antenna to macro

	
	
	
	5dBi for relay coverage antenna to UE

	Dropping of nodes and UEs
	See Table A.2.1.1.2-3
	See Table A.2.1.1.2-4
	See Table A.2.1.1.2-3

	Minimum distance between new node and regular nodes
	>=35m

	Minimum distance between UE and regular node
	>= 35m

	Minimum distance between UE and new node
	> 10m
	>= 3m
	> 10m


* RRH/Hotzone and relay to UE link path loss is based on IMT.EVAL UMi NLOS model; femto path loss is based on ITU-R M1225 single floor indoor office model; macro to relay path loss is based on 3GPP TR 25.814 with modified 5m antenna height.
Table A.2.1.1.2-3. Dropping of nodes and UEs

	Configuration
	UE density cross cell*
	UE distribution within a cell
	Node distribution within a cell
	Comments

	1
	Uniform 25/cell
	Uniform
	Uncorrelated
	Capacity enhancement

	2
	Non-uniform 

[10 – 100]/cell
	Uniform
	Uncorrelated
	Sensitivity to non-uniform UE density cross cells

	3
	Non-uniform

[10 – 100]/cell
	Uniform
	Correlated**
	Cell edge enhancement

	4
	Non-uniform

[10 – 100]/cell
	Clusters
	Correlated
	Hotspot capacity enhancement


* Node density is proportional to the UE density in each cell.

**Relay and hotzone nodes, often deployed by planning, may be dropped by [TBD] method.

Table A.2.1.1.2-4. Dropping of femto cells and UEs

	Configuration
	Macro-femto Deployment
	Dropping of nodes
	Dropping of UEs

	1
	Independent channel
	Clustered
	Random drop of UEs within 
X meters of the femto

	2
	Co-channel
	Clustered
	Random drop of UEs within 
X meters of the femto


A.2.1.1.3   Backhaul Assumptions for Coordinated Multi point Transmission and Reception Evaluation 

The performance of downlink/uplink multi-point transmission and reception, and advanced ICIC techniques is sensitive to the backhaul capacity and latency. In general, the backhaul latency could be classified into two categories

· Low latency (<1 ms) associated with co-located cells or cells connected with fibre links

· Typical inter-cell latency associated with X2 interfaces.
The X2 backhaul latency, or more generally latency between new nodes, or new nodes and eNBs, or between eNBs, is highly deployment dependent such as whether there is a dedicated X2 fibre network or a generic IP network. 
The proponents should describe and justify the model assumed in particular studies.
A.2.1.2
Channel models

[…]

A.2.1.3
Traffic models

Proposed traffic models for system performance evaluations are given in Table A.2.1.3-1. System throughput studies shall be assessed using full-buffer traffic model capturing continuous traffic and non-varying interference. Additionally, evaluations with time-varying interference shall be carried out using bursty traffic models. Table x4 proposes a Poisson-based traffic model to exercise system performance studies in bursty traffic. 

Table A.2.1.3-1. Traffic Models

	Traffic Models
	Model Applies to

	Full buffer
	DL and UL. 
Continuous traffic.

	Poisson-based
Burst of fixed size S. Arrival of bursts model as a Poisson process with arrival rate λ
	DL and UL. 
Bursty traffic.

	VoIP
	DL and UL
Real time services


A.2.1.4
System performance metrics

For evaluations with full-buffer traffic model, the following performance metrics need to be considered:

· Mean user throughput

· Throughput CDF

· Median and 5% worst user throughput

For evaluations with bursty traffic model, the following performance metrics need to be considered:

· Perceived throughput, defined as the size of a burst divided by the time between the arrival of the first packet of a burst and the reception of the last packet of the burst

· Average perceived throughput of a user defined as the average perceived throughput for all bursts intended for this user

· Tail perceived throughput defined as the worst 5% perceived throughput among all bursts intended for a user

· User perceived throughput CDF (average and/or tail). 

· Median and 5% worst user perceived throughput (average and/or tail).

For VoIP capacity evaluations, the following performance metrics need to be considered:

· VoIP system capacity in form of the maximum number of satisfied users supported per cell in downlink and uplink. 

· System capacity is defined as the number of users in the cell when more than [95%] of the users are satisfied. 
· A VoIP user is in outage (not satisfied) if [98%] radio interface tail latency of the user is greater than [50 ms]. This assumes an end-to-end delay below [200 ms] for mobile-to-mobile communications.

A.2.1.5
Antenna gain for a given bearing and downtilt angle

The orientation of the center cell hexagon is such that the main antenna lobe center direction either points to the flat side or the corner of the hexagon. The main antenna lobe center directions of the other 18-surrounding cell are parallel to those of the center cell.

Antenna downtilt is the angle between the main antenna lobe center and a line directed perpendicular from the antenna face.  As the downtilt angle increases (positively) the antenna main lobe points increasingly toward the ground. 

The Antenna gain that results for a given bearing and downtilt angle for a given cell/sector 'i' with respect to a mobile 'k' is characterized by the equations given below (B1,2).  A geometric representation is given in Figure A.2.1.5-1 below.

(i,k) = (i,k)  -  (i) 






(B1)
(i,k) = (i,k)  -  (i,k) 






(B2)
where

(i,k)  = angle between antenna main lobe center and line connecting cell 'i' and mobile 'k' in radians in horizontal plane.

(i,k)  = angle between antenna main lobe center and line connecting cell 'i' and mobile 'k' in radians in vertical plane.

(i)
= antenna bearing for cell 'i' in radians.
h(i)
= antenna height for cell 'i' in meters.

(i)   = mechanical antenna downtilt in radians. Note that electrical downtilt is taken into account in the vertical antenna diagram.
(i,k)
= corrected downtilt angle for given horizontal offset angle ((i,k)) in radians.
= ATAN( COS((i,k))TAN((i)) )
(i,k)
= antenna-mobile line of site angle in radians 
= ATAN( h(i)/d(i,k) ) .
d(i,k)
=  (mobile(k)_ypos - cell[i]_ypos)2 + (mobile(k)_xpos - cell[i]_xpos)2  
= distance

(i,k)
= mobile bearing is the angle between the line drawn between the cell and mobile and a line directed due east from the cell.
= ATAN2(  (mobile(k)_ypos - cell[i]_ypos, (mobile(k)_xpos - cell[i]_xpos)  ) 
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Figure A.2.1.5-1Mobile Bearing orientation diagram example
-------------------------- End of text proposal --------------------------
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