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1. Introduction
This document is a text proposal for TR36.814 on traffic models which was agreed for performance evaluation of CoMP in R1-101623. Text proposal is shown in Section 2.
2. Text Proposal
============= Start of text proposal ================== 
A.2.1.3
Traffic models

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 A.2.1.3-1 proposes FTP traffic models 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.

	Non-full buffer 

FTP models
	DL and UL. 
Bursty traffic.

	VoIP
	DL and UL
Real time services


A.2.1.3.1 FTP traffic models

Two FTP traffic models are considered as non-full buffer traffic models. Tables A.2.1.3-2 and A.2.1.3-3 show the parameters for FTP traffic model 1 and model 2, respectively. Figure A.2.1.3.1-1 and A.2.1.3.1-2 illustrate the user arrival of traffic model 1 and 2, respectively. Baseline model is Model 1 with file size of 2 Mbytes, however Model 1 with file size of 0.5 Mbytes and Model 2 with file size of 0.5 Mbytes can be also evaluated.
Table A.2.1.3.1-1. FTP Traffic Model 1

	Parameter
	Statistical Characterization

	File size, S

	2 Mbytes (0.5 Mbytes optional)
 (one user downloads a single file)

	User arrival rate λ
	Poisson distributed with arrival rate λ


· Small file size of 0.5 Mbytes can be chosen to speed-up the simulation.
· Simulations are run for various λ to find performance metrics covering at least the range of HM-NCT (See A.2.1.3.2) that leads to [10%, 50%] of RU (See A.2.1.3.2) in non-CoMP SU-MIMO.
· Possible range of λ: [0.5, 1, 1.5, 2, 2.5] for 0.5 Mbytes, [0.12, 0.25, 0.37, 0.5, 0.625] for 2 Mbytes (See A.2.1.3.4 for more details). Range of λ can further be adjusted.
· The same traffic should be simulated for CoMP and non-CoMP schemes. The above range of λ will cover RU from 10% to 50% for non-CoMP SU-MIMO 
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Figure A.2.1.3.1-1: Traffic generation of FTP Model 1
Table A.2.1.3.1-2. FTP Traffic Model 2
	Parameter
	Statistical Characterization

	File Size, S
	0.5 Mbytes

	Reading Time, D
	Exponential Distribution, Mean= 5 seconds
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 λ = 0.2

	Number of users, K 
	Fixed


· Simulations are run for various K to find performance metrics covering at least the range of HM-NCT that leads to [10%, 50%] of RU in non-CoMP SU-MIMO.
· Possible range of K: [2, 5, 8, 10, 14] (See A.2.1.3.4 for more details). Range of K can further be adjusted.
· The reading time D is the time interval between end of download of previous file and the user request for the next file.
· The same traffic should be simulated for evaluating CoMP and non-CoMP schemes. The above range of K will cover RU from 10% to 50% for non-CoMP SU-MIMO.
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Figure A.2.1.3.1-2: Traffic generation of FTP Model 2
A.2.1.3.2 Performance metrics

The following performance metrics are considered for non-full buffer traffic models.
· Mean, 5, 50, 95 % user throughput
· User throughput = amount of data (file size) / time needed to download data

· time needed to download data starts when the packet is received in the transmit buffer, and ends when the last bit of the packet is correctly delivered to the receiver
· Served cell throughput

· Served cell throughput = total amount of data for all users / total amount of observation time / number of cells

· Harmonic mean normalized cell throughput (HM-NCT)

· Harmonic mean normalized cell throughput = served cell throughput / harmonic mean of the full buffer cell throughput

· Harmonic mean of the full buffer cell throughput = average number of full buffer users per cell / mean( 1 / full buffer user throughputs)

· The 2% worst and 2% best users are excluded from the harmonic mean 

· Full buffer simulations are run with 10 UEs / cell 
· Normalized cell throughput (NCT)

· Normalized cell throughput  = served cell throughput / full buffer served cell throughput 

· Resource utilization (RU)

· Resource utilization = Number of RB per cell used by traffic during observation time / Total number of RB per cell available for traffic over observation time

· In case of MU-MIMO, one RB allocated to N users within a cell is counted as used N times 

A.2.1.3.2.1 Reference points

Possible reference points to compare CoMP, non-CoMP, SU-MIMO and MU-MIMO techniques: 
· R1: X% HM-NCT value that leads to 50% RU for SU-MIMO (i.e. X value is derived from the SU-MIMO case, and is then the same for all techniques)

· R2: Traffic load that gives 50% RU for SU-MIMO

· R3: 45% NCT
Reference point R1 may be a baseline point. However, the results should be obtained at the other reference points to gain understanding about how these new metrics relate to each other. R1 and R3 capture both the user throughput and cell capacity gains in a reasonably well utilized network. R2 captures the user throughput gain at a given offered load. Further refinement of adequate reference points can be considered.
A.2.1.3.3 File dropping criteria

A guideline of modelling file dropping for non-full buffer traffic simulation is given as follows. 
· Files may be dropped from the simulation either to preserve stability at high loads, or because the radio conditions are insufficient for reliable communication.
· Method for ensuring queue stability in high load conditions: 

· (Recommended) drop a file if its transfer is not completed within a maximum transfer time T_drop

· T_drop = 8s

for S = 0.5 Mbyte 

· T_drop = 32s

for S = 2 Mbyte
· Alternative methods can be considered, and should be then described.
· Methods for handling HARQ retransmission failure:
· (Recommended) model RLC ACK

· if RLC ARQ is not modeled, drop the file after the maximum number of HARQ retransmissions is reached.
· Method to restrict the impact of users in very poor radio conditions:
· if RLC is modelled: Remove from the system the users who experiment a MAC error rate higher than 3%
· a MAC error is defined as a transport block being not correctly received after the maximum number of retransmissions.
· do not include removed users' throughput nor contribution to the served cell throughput in the simulation results.
· if RLC is not modeled: user outage is implicitly approximated by file dropping when the maximum number of HARQ retransmissions is reached.
· Dropping a file means:

· the file is given zero user throughput

· the data in the dropped file is not included in the served cell throughput

· The amount of data dropped or not transmitted shall be recorded separately according to whether it arises from users removed due to high MAC error rate or other causes, and the corresponding file dropping rates shall be indicated in the simulation results.
A.2.1.3.4 Estimation of range ofλ and K
For FTP Model 1

offered traffic =λ* S.
For LTE 2x2 10MHz, the [10%, 50%] range of resource utilization could be covered by the range of offered traffic [2 4 6 8 10] Mbps. For a file size of 500kbyte = 4 Mbit, this corresponds to:

λ= offered_traffic/S = [2, 4, 6, 8, 10]/4 = [0.5, 1, 1.5, 2, 2.5] users/s.

λvalues for file size of 2Mbytes can be computed in the same way.

For model2, the inter-arrival time is given by Tt + D with Tt file transfer time. In this caseλ= 1/(Tt+D). The total offered traffic per cell is then given by

offered traffic = λ* K * S = K * S / (Tt + D)

Assuming download data rate of 12.5 Mbps, the file transfer (download) time Tt is 0.32 sec for file size of 500 Kbytes = 4 Mbits. By using this rough estimate, offered traffic is K*4/(0.32+5). When the range of offered loads is [2 4 6 8 10], the corresponding range of K is
K = [2 4 6 8 10]/4*5.32 ~= [2 5 8 10 14] users
These ranges could further be refined by simulations.
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