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1 Introduction

This contribution proposes general simulation assumptions and an evaluation methodology for estimating Evolved UTRA (EUTRA) and Release 6 UTRA performance in support of the “Evolved UTRA and UTRAN” study item (SI) [1]. Initial requirements for the Evolved UTRA and UTRAN were agreed to in the RAN Long-Term Evolution (LTE) meeting in March 2005 [2] and are reflected in the described simulation assumptions and evaluation methodology.  Coordination between RAN WG1 and WG4 is needed in the evaluation of EUTRA MA and deriving the simulation assumptions.

2 System Performance Estimation

2.1 System Simulation Assumptions

To facilitate evaluation of EUTRA and HSDPA/HSUPA (UTRA) the simulation assumptions are largely based on assumptions given in the previous HSDPA [3] and HSUPA [4] study items.  Assumptions for reference system deployment and reference UE and Node-Bs along with channel and traffic models are given in the following sections.  Scheduling and resource allocation as well as system and user performance metric assumptions are also included.

2.1.1 Reference System Deployments

2.1.1.1 Cell Dimensions

Macro-cell and Pico-cell are two reference system deployment types that can sufficiently characterize UTRA and EUTRA performance. The system simulation baseline parameters for the Macro-cell and Pico-cell deployment models are given in Table 1 and Table 2 respectively. Some parameters are left TBD.
Table 1 – Macro-cell system simulation baseline parameters

	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per cell

	Inter-site distance
	2800 m (1602 m radius)

1732 m (1000 m radius)

	Distance-dependent path loss
	L=128.1 + 37.6log10(.R), R in kilometers

	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.41.4 [6]

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m  (See D,4 in UMTS 30.03)

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss  
	10, 20 dB

	Antenna pattern
	70 degree (-3dB), 20dB front-to-back ratio

See Section 2.1.1.3
For 3-sector cell sites with fixed antenna patterns main beam pointed at hexagon side

	Carrier Frequency / Channel Bandwidth - A
	900MHz / 1.25MHz

	Carrier Frequency / Channel Bandwidth - B
	2.6GHz / 10MHz

	Channel model
	Typical Urban (TU) early simulations

Spatial Channel Model (SCM) later simulations

	UE speed
	3km/h, 15km/h, 30km/h, 120km/h

	Total BS TX power (Ptotal)
	43 dBm (20W) per 5MHz carrier

	UE power class
	Power Class 3 (24dBm, 250mW)

	Inter-cell Interference Modeling
	UL: Explicit modeling, 

DL: Explicit modeling else cell power=Ptotal


Table 2 – Pico-cell system simulation baseline parameters

	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per cell

	Inter-site distance
	250 m

	Distance-dependent path loss
	L=[x] + [y] log10(.R), R in kilometers

	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.41.4

	Correlation distance of Shadowing
	50 m  (See D,4 in UMTS 30.03)

	Shadowing standard deviation
	10 dB

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss
	0 dB

	Antenna Pattern
	[TBD]

	Carrier Frequency / Channel Bandwidth - A
	900MHz / 1.25MHz

	Carrier Frequency / Channel Bandwidth - B
	2.6GHz / 10MHz

	Channel model
	Typical Urban (TU) early simulations

Spatial Channel Model (SCM) later simulations

	UE speed
	3km/h

	Total BS TX power (Ptotal)
	[xx] dBm per 5MHz carrier

	UE power class
	Power Class 3 (24dBm, 250mW)

	Inter-cell Interference Modeling
	UL: explicit modeling

DL: [0%, x%, y%] of serving cell


2.1.1.2 Downlink and Uplink Numerology

TBD based on candidate technology.

2.1.1.3 Antenna Patterns

The antenna horizontal pattern used for each sector, uplink and forward Link, is plotted in Figure 2 and is specified by


[image: image1.wmf](

)

2

3

min12,     where  180180

m

dB

AA

q

qq

q

éù

æö

êú

=--££

ç÷

êú

èø

ëû

 

, 
[image: image2.wmf]dB

3

q

 is the 3dB beam width, and 
[image: image3.wmf]dB

A

m

20

=

 is the maximum attenuation.


[image: image4.wmf]-25

-20

-15

-10

-5

0

-180

-150

-120

-90

-60

-30

0

30

60

90

120

150

180

Horizontal Angle - Degrees

Gain - dB


Figure 2 - Antenna Pattern for 3-Sector Cells

2.1.2 Channel Models

2.1.2.1 Multi-path Channel Models & Early Simulations

In order to simplify initial simulation work, and to facilitate the rapid generation of early results, the GSM Typical Urban channel model could represent a useful channel model. Alternatively, a set of ITU channel models could also be used. In order to keep the number of channel models to a minimum, the Typical Urban channel model may be the best candidate for early simulations (see Table 3).  Note for receiver/transmitter diversity and initial STC evaluation, there is less of a need for the SCM.

Table 3 – Channel model for rapid generation of early simulations

	Channel Model Target
	Assumption

	Channel model for initial or early simulations
	Typical Urban (TU)


2.1.2.2 Spatial Channel Model (SCM)

In later detailed simulations (per the RAN EUTRA work schedule), to accurately address Multi-Antenna subsystem (MAS) performance for EUTRA, the Spatial Channel Model (SCM) [5] is needed (see Table 4). The SCM accounts for transmitter and receive antenna correlation and more accurately reflects the likelihood of formulating multiple streams (spatial sub-channels) for certain MIMO schemes. The SCM is also needed for Beamforming and SDMA (or Spatial Multiplexing). 

2.1.2.2.1 SCM and extension to wider BW

The SCM model also appears applicable to bandwidths above 5MHz, although formal validation of this assessment is FFS.

Table 4 – Channel model for later simulations

	Channel Model Target
	Assumption

	Channel model for longer term simulations
	SCM (TR25.996)


2.1.3 Traffic Models

Proposed traffic models for evaluating EUTRA and UTRA performance are given in Table 5.  The traffic models are grouped in terms of Best Effort Packet Service type and Packet Service with Conversational Service (CS) like QoS type.  It is expected to reuse HSDPA/HSUPA traffic models with detailed parameters FFS.

Table 5 – Traffic Models

	Traffic Models
	Model Applies to

	Best Effort Packet Service
	

	FTP
	DL or UL with TCP feedback

	HTTP
	DL with TCP feedback on UL

	PS with CS like QoS
	

	VoIP
	DL and UL

	Streaming
	DL

	Video Conferencing
	DL and UL

	Gaming
	UL


2.1.3.1 Latency analysis

In order for latency to be fully and (parameters for latency evaluation) formally analyzed a UTRA and EUTRA delay model is needed.  Such a model is needed for the ongoing work in RAN1 and RAN4.  Also key protocol simulation models (e.g. TCP congestion, slow start, etc) should be detailed enough to reflect their impact on latency (e.g. modeling TCP ACKs on the uplink when modeling downlink packet transmissions).

2.1.4 System Performance Metrics

Performance metrics (user throughput, cell throughput, FER, etc) are described in [3] and [4] and can be reused for UTRA and EUTRA evaluation.  It is important to ensure that SDMA and MIMO are properly handled in an uplink wrap around model.

2.1.5 Reference Release 6 (UTRA) UE

Reference UTRA UE parameters are given in Table 6.

Table 6 –Reference UTRA UE parameters

	Parameters
	Model Assumptions

	Receiver
	1 Antenna,   Performance Type 2 

	Transmitter
	1 Antenna

	Antenna gain
	0 dBi

	Noise Figure
	9dB

	HSDPA UE Capability Category
	14Mbps (15 codes) ,   Capability Category 10    

	HSUPA UE Capability Category
	3.84Mbps (2xSF2), 

DPDCH & HS-DPCCH can be supported


2.1.6 Reference EUTRA UE

Reference EUTRA UE parameters are given in Table 7
Table 7 – Reference EUTRA UE parameters

	Parameters
	Model Assumptions

	Receiver
	2 Antennas

	Transmitter
	1 Antenna

	Antenna gain
	0 dBi 

	Noise Figure
	9 dB

	MIMO
	support for 2x2 downlink MIMO


2.1.7 Reference Release 6 (UTRA) Node-B

Reference UTRA Node-B parameters are given in Table 8.

Table 8 – UTRA Reference Node-B

	Parameters
	Model Assumptions

	Node-B Transmitter
	1 Antenna

	Node-B Receiver 
	2 Antennas – Rake

Ideal antenna de-correlation 

8 fingers assignable per UE

	BS antenna gain plus cable loss
	14 dBi 

	Node-B HS-DSCH codes (N)
	N = 15 – DPCH code overhead

	Noise Figure
	5 dB

	Pilot channel power overhead (P_PILOT)
	10% (CPICH)

	Common channel power overhead

(P_OVHD)
	10% (1SCH, P-CCPCH, S-CCPCH)

	DL HSUPA channel power overhead (P_HSUPA)
	[8]% (E-AGCH, E-RGCH, E-HICH)

	MBMS overhead (P_MBMS)
	25% or more

	Power available for 

HS-DSCH/HS-SCCH/DPCH
	100% - P_PILOT - P_OVHD – P_HSUPA - P_MBMS,   

	HS-SCCH
	Explicitly modeled else 5% power overhead

	DL DPCH (F-DPCCH or Assoc.)
	Explicitly modeled else 10% power overhead


2.1.8 Reference EUTRA Node-B

Reference UTRA Node-B parameters are given in Table 9. Any additional support of number antennas beyond two (e.g. to support SDMA or Beamforming) at the Node-B is beyond what is given in the requirements document [2] and is FFS

Table 9 – EUTRA Reference Node-B

	Parameters
	Model Assumptions

	Node-B Transmitter
	2 Antennas

	Node-B Receiver 
	2 Antennas

	Noise Figure
	5 dB

	BS antenna gain plus cable loss
	14 dBi

	Pilot channel power overhead 
	TBD

	Control channel overhead
	TBD


2.1.9 Scheduling & Resource Allocation

Various scheduling approaches will have performance and overhead impacts and will need to be aligned.  Scheduling issues include support for conversational and streaming traffic and fairness in general. 

2.1.9.1 Proportional Fair Scheduling

2.1.9.2 Frequency Diverse Scheduling

2.1.9.3 Frequency Specific Scheduling

2.1.9.4 Support for conversational and streaming traffic

2.1.9.5 Fairness criteria

EUTRA and UTRA performance evaluation and comparison require that fairness be preserved or at least known in order to promote apple and apple (fair) comparisons.  Fairness is defined as the normalized user packet call throughput CDF.

2.2 Multi-antenna Subsystems

2.2.1 MIMO

In the evaluation of MIMO techniques in EUTRA MA candidates the following areas need to be aligned.

Table 10 – MIMO issues for achieving alignment

	Issues
	Details

	Idealized generic MIMO model
	

	Non-ideal receiver issues
	 Channel estimation, antennas

	SNR estimation for LLR extraction
	

	MIMO antenna geometry
	

	MIMO feedback
	Rate, delay, error

	CQI feedback
	Rate, delay, error

	ACK/NACK
	Rate, delay, error


2.2.2 SDMA/Beamforming [TBD]

2.3 System Configuration and Performance Topics

2.3.1 Frequency Re-Use Assessment [TBD]

2.3.2 Frame Signaling Reliability [TBD]

2.3.3 Macro Diversity Performance [TBD]

2.3.4 Timing synchronization

Timing synchronization assumptions are important in determining guard interval requirements for unicast and broadcast modes. 

2.3.4.1 Unicast

The UEs corresponding to a given serving cell need timing synchronization to maintain uplink orthogonality while minimizing guard interval requirements.  Table 11 below gives the maximum UE timing jitter relative to the serving cell Node-B timing.

2.3.4.2 Broadcast

Timing synchronization between Node-Bs is needed to take full advantage of simulcasting.  The degree of synchronization impacts framing efficiency since the larger the Node-B timing jitter relative to a global timing reference (GTR) then the larger the equalizer window (e.g. established by a guard interval) needs to be to seamlessly support downlink macro-diversity without incurring inter-site interference.  Such a broadcast network is typically referred to as a single frequency network (SFN). 

Assuming not every Node-B receives a global timing reference (e.g. GPS, Galileo) [else if all Node-Bs receive a GTR then the inter-BTS timing error is negligible small compared to the symbol duration] then some Node-Bs will have to achieve synchronization via the terrestrial network or via some other technique (e.g. wireless).  The maximum timing jitter for Node-Bs without a global timing reference is given by Table 11.

Table 11 – Timing synchronization relative to Global timing reference (GTR)

	Parameters
	Assumptions

	Maximum Node-B timing jitter with GPS or Galileo
	+- 0 usec

	Maximum Node-B timing jitter relative to GTR [network sync case]
	+- [2] usec

	Maximum UE transmitter timing jitter relative to serving cell Node-B timing 
	+- [1] usec


2.3.5 RACH Channel Performance [TBD]

3 Evaluation Methodology

Evaluation components are given in the following sections for characterizing performance of a EUTRA MA proposal and determining whether it meets relative improvement requirements over Release 6 UTRA. The evaluation should be performed for a 10MHz bandwidth mode at 2.6GHz and a 1.25MHz bandwidth mode at 900MHz. Spectral efficiency (SE) is defined as bits/second/Hz/cell.

3.1 EUTRA Downlink Spectral Efficiency

· EUTRA unicast SE is to be 3-4x Release 6 HSDPA based on EUTRA and Release 6 reference UE and Node-B models.

· EUTRA multicast SE is in the range of [a-b] and is [c] to[d]x Release 6 MBMS at FER of [y]% and with [x]% coverage. 

Spectral efficiency is determined by Ct/B where ‘Ct’ is the cell throughput of EUTRA or Release 6 technology.  ‘B’ is the DL bandwidth of the carrier bandwidth mode. For Release 6 B=5MHz.

3.2 EUTRA Uplink Spectral Efficiency 

· EUTRA unicast SE is to be 2-3x Release 6 HSDPA based on EUTRA and Release 6 reference UE and Node-B models.

Spectral efficiency is determined by Ct/Bu where ‘Bu’ is the UL bandwidth of the carrier bandwidth mode. For Release 6 Bu = 5MHz.

3.3 EUTRA Downlink User throughput

· EUTRA User throughput at 5% point of C.D.F. is to be 3-4x Release 6 HSDPA for respective reference UE and Node-B. 

· EUTRA Average User throughput 3x Release 6 HSDPA for reference UE and Node-B 

3.4 EUTRA Uplink User throughput

· EUTRA User throughput at 5% point of C.D.F. is to be 2-4x Release 6 HSDPA for respective reference UE and Node-B. 

· EUTRA Average User throughput 2-3x Release 6 HSDPA for reference UE and Node-B

3.5 Signaling Area Coverage Reliability

It is difficult to assess data bit rate without conditioning it on reliable signaling.

Signaling reliability requirements are TBD.

3.6 Traffic Outage and Latency requirements

Outage requirements for the different traffic models are needed for alignment and are TBD. 

4 Conclusion

This contribution proposes baseline simulation assumptions and evaluation (SA&E) criteria for EUTRA and UTRA (HSDPA/HSUPA) for selecting EUTRA radio access schemes. A basic set of SA&E is needed to provide some level of confidence and minimal consistency when results are presented by different companies. Calibration between companies is not seen as mandatory and is of course at their discretion.
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ANNEX A - Link to System Mapping methodology

Link level assumptions

The link level issues that need to be addressed in order to achieve alignment are given in the following Table.

Table 12 – Link Level issues for achieving alignment

	Issues
	Details

	DL Modulation
	QPSK, 16QAM, 64QAM

	UL Modulation
	 BPSK, QPSK, 16QAM, [64QAM]

	Coding for data channel and Mother code rate
	Turbo, LDPC

	Coding for control channel and Mother code
	Convolutional

	DL Peak rates
	

	UL Peak rates
	

	Non-ideal receiver functions
	Channel estimation, 

	Available Mappings
	EESM, ECM, QSA, AVI, etc

Account for HARQ, IR, and MIMO




Maximum SNR per channel  

For high SNR operation especially MIMO schemes it will be important to understand practical apparatus impacts and this can be performed by addressing the following topics

Table 13 – Maximum SNR limit dependencies

	Issues
	Details

	EVM
	

	Adjacent carrier interference
	 

	UE A/D and baseband filtering
	

	Antenna front-to-back ratio
	[20]dB

	Non-ideal sector isolation
	

	Unrecovered power
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