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1 Executive Summary
This document provides a comprehensive set of performance results, comparing the link-level and system-level performance of OFDM against WCDMA within the UTRAN HSDPA framework. For the WCDMA results, a standard Rake receiver is used to provide a baseline performance case. Other contributions will address the gains in performance of advanced WCDMA receivers over the Rake.
The system-level results contained in this report represent summary aggregate and/or average performance metrics over a sector.  As such, they provide an initial indication of the relative performance merits of OFDM and WCDMA. Four different types of traffic models, six different ITU channel models, and two scheduling algorithms were studied. The traffic models were: full queue traffic, simplified bursty web traffic, FTP traffic and HTTP traffic. The channel models considered were: flat fading, ITU Pedestrian A and B, and Vehicular A. The scheduling algorithms used were the Max C/I and Round-Robin scheduling algorithms. 
Under flat fading conditions, OFDM and WCDMA had similar performance for all of the considered traffic models. This is to be expected, as the parallel channels of traffic carried by the multiple OVSF codes in WCDMA remain orthogonal. It is under dispersive channel conditions that the value of OFDM over WCDMA becomes apparent. In multi-code WCDMA, dispersion causes both inter-symbol interference and multi-code interference, as shifted versions of the OVSF codes are not orthogonal to each other. OFDM, on the other hand, is designed to completely or mostly mitigate the effects of time dispersion. The link-level results for dispersive channels show a dramatic difference between OFDM and WCDMA. The performance of the Rake in such channels is so poor that very few modulation and code set (MCS) combinations yield sufficient performance to be useful. For OFDM, all of the MCS combinations are available, as they all give a sufficient level of performance over their respective ranges of signal to noise ratio.
System-level simulations reveal that one item impacting the performance of OFDM, in high-speed channels, is the delay in reporting channel quality indications (CQI), and how the CQI information is used to update the MCS combination. In the simulations, the CQI information is used to immediately change the MCS combination, but due to the delay in the CQI information and the high rate of change of the channel, the most appropriate MCS combination is not always being used. This leads to lower throughputs than might otherwise be possible. Better use of the CQI measurements, and how the MCS combination is adapted, are likely to better exploit the full range of MCS combinations that OFDM offers. This item is being studied further. 
For the full queue traffic model, a good performance measure is the average over-the-air throughput. This measure is provided in Figure 1, for 56 users over the Pedestrian A and B channels, and with the max C/I scheduler.  Round-Robin results are also presented within the report, but as the intent of this more fair type of scheduler is to trade off throughput for coverage, the results aren’t as meaningful, unless they are presented in conjunction with the appropriate coverage measures. This aspect is being further studied. Figure 1 shows that OFDM offers almost a 4-fold improvement in throughput over WCDMA for the Pedestrian A channel, and almost a 6-fold improvement for the Pedestrian B channel.
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Figure 1: Average over-the-air throughput for the full queue traffic model over Pedestrian A and B channels (3 km/h), with Max C/I scheduling.
For the bursty traffic models, a more meaningful measure than average over-the-air throughput is the average packet call throughput, as this directly correlates to the user experience. Figure 2 provides the average packet call throughput, for the simplified bursty web and the FTP traffic models.
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Figure 2: Average packet call throughput for the bursty web and FTP traffic models, over Pedestrian A and B channels (3 km/h), with Max C/I scheduling.

The average packet call throughput for the HTTP traffic model is given in Figure 3, along with the average packet delay. With these traffic conditions, there are typically only a few users who have data to transmit at the same time, implying little multi-user diversity for the Max C/I scheduler. This is reflected in the smaller advantage provided by the OFDM air interface, which cannot use all of its potential in terms of larger payload size. On the other hand, the average packet delay is significantly reduced in the OFDM case, which is also the case for the other traffic models.
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Figure 3: Average packet call throughput and packet delay, for the HTTP traffic models, over Pedestrian A and B channels (3 km/h), with Max C/I scheduling.
2 Introduction

This document provides a comprehensive set of performance results comparing the system-level performance of OFDM against WCDMA within the UTRAN HSDPA framework.  For the WCDMA results, a standard Rake receiver was used to provide a baseline performance case.  Advanced WCDMA receivers with additional complexity may provide some improvement over this baseline performance.  The performance results for one such receiver, the Generalized Rake (G-Rake), are discussed in a separate contribution ‎[2].
The results contained here represent summary aggregate and/or average performance metrics over a sector.  As such, they provide an initial indication of the relative performance merits of OFDM and WCDMA.  Future performance evaluation work will also include the examination of performance metrics for individual users to investigate coverage and outage issues in more detail.

Within this document Section ‎3 summarizes the simulation assumptions that are specific to this set of results, in addition to the detailed simulation methodology contained in ‎[1].  Section ‎4 contains the link-level inputs (TTI BLER curves) that are used by the system-level simulator for MCS selection and TTI block error determination.  Section ‎5 briefly describes the average/aggregate system-level performance metrics that are presented within this contribution.  Section ‎6 presents a comprehensive set of sector performance statistics comparing OFDM and WCDMA performance for six channel scenarios, four traffic models, two scheduling algorithms, and varying numbers of users per sector.  Finally, Section ‎7 provides a set of recommendations for future work to enhance the performance evaluations of the relative merits of OFDM and WCDMA.
3 Simulation Assumptions
All simulation assumptions for the performance results presented in this document are as detailed in ‎[1].  Any specific exceptions, simplifications, and/or highlights are noted below.
All performance statistics are “per sector” results, representing the observed sector performance in a multi-sectored/multi-celled system.

Scheduling algorithms that have been evaluated for this contribution include round-robin scheduling and maximum C/I scheduling.  Results for the proportional fairness scheduler will be generated in the future.

Each simulation run lasted for 300 seconds of simulated time.  No warm-up time was included in order to reduce the overall required computation time, although this is not expected to significantly alter the observed results.  Future performance evaluations will include a warm-up period, especially for the proportional fairness scheduler where a throughput history is required for accurate evaluation.

For CDMA, a Rake receiver was assumed at each UE.  Other performance results in ‎[2] include the G-Rake receiver as one example of an advanced CDMA receiver.  Other advanced CDMA receivers may also be considered for performance comparison purposes in the future.

A coding block size of 860 bits was used to minimize the amount of puncturing incurred during the rate matching process (when going from the desired code rate to the effective code rate) over all possible MCS combinations.  A 24-bit CRC was also included in each TTI.  The corresponding information bit payload sizes (not including the CRC) for the various MCS combinations are shown in Table 1.

	Modulation
	Code Rate
	OFDM Payload (bits)
	WCDMA (15 Code) Payload (bits)

	QPSK
	1/3
	5136
	5136

	
	1/2
	7716
	7716

	
	2/3
	10296
	10296

	
	3/4
	12016
	11156

	
	4/5
	12876
	12016

	16QAM
	1/3
	10296
	10296

	
	1/2
	15456
	14596

	
	2/3
	20616
	19756

	
	3/4
	23196
	22336

	
	4/5
	24916
	23196

	64QAM
	1/3
	15456
	14596

	
	1/2
	23196
	22336

	
	2/3
	30936
	29216

	
	3/4
	34376
	32656

	
	4/5
	36956
	35236


Table 1:  Information bit payload sizes for available MCS combinations
4 Link-Level Inputs

Figure 4 through Figure 9 contain the link-level TTI BLER curves for the six different channel models and fading rates for WCDMA (Rake receiver) with 15 spreading codes.  Figure 10 through Figure 15 contain the link-level TTI BLER curves for the six different channel models and fading rates for OFDM.  The link-level parameters used to obtain these TTI BLER curves are described in ‎[1].  Blocks were determined to be correct or in error based on the result of the TTI CRC check.  For reference purposes, the channel model definitions are summarized in Table 2.
Note that the horizontal axis of these TTI plots represents the short-term SNR per TTI, which is not the same as the long-term average SNR.  Further details on this approach (which is used to facilitate HARQ modelling in the system-level simulator) are available in ‎[1].

These TTI BLER curves were used both for MCS selection by the selected scheduling algorithm and for TTI block error determination both before and, if necessary, after HARQ retransmission.
One interesting observation from the TTI BLER curves for the multi-path channel models (Channels C through F) is that typically only one or possibly two MCS combinations are useful for WCDMA (when a Rake receiver is used).  Note that the 10% BLER point on each BLER curve is the target point for MCS selection, so any MCS combinations whose block error floor is greater than 10% will never be used.  This implies that the MCS selection algorithm will have little or no work to do in these instances and there is no possibility of increasing the data transmission rate to users who have good channel conditions.  Conversely, all of the OFDM MCS combinations are useable in the multi-path channel models, provided that the user’s reported C/I (SNR) is sufficiently high.  This implies that OFDM should provide greater flexibility in the MCS selection and scheduling.
	Channel Model
	Description
	UE Velocity

	A
	Flat fading
	120 km/h

	B
	Flat fading
	30 km/h

	C
	ITU Pedestrian A
	3 km/h

	D
	ITU Pedestrian B
	3 km/h

	E
	ITU Vehicular A
	120 km/h

	F
	ITU Vehicular A
	30 km/h


Table 2:  Summary of channel model definitions
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Figure 4:  TTI BLER curves for Channel A (flat fading at 120 km/h) with WCDMA (Rake, 15 spreading codes)
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Figure 5:  TTI BLER curves for Channel B (flat fading at 30 km/h) with WCDMA (Rake, 15 spreading codes)
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Figure 6:  TTI BLER curves for Channel C (Pedestrian A at 3 km/h) with WCDMA (Rake, 15 spreading codes)
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Figure 7:  TTI BLER curves for Channel D (Pedestrian B at 3 km/h) with WCDMA (Rake, 15 spreading codes)
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Figure 8:  TTI BLER curves for Channel E (Vehicular A at 120 km/h) with WCDMA (Rake, 15 spreading codes)
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Figure 9:  TTI BLER curves for Channel F (Vehicular A at 30 km/h) with WCDMA (Rake, 15 spreading codes)
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Figure 10:  TTI BLER curves for Channel A (flat fading at 120 km/h) with OFDM
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Figure 11:  TTI BLER curves for Channel B (flat fading at 30 km/h) with OFDM
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Figure 12:  TTI BLER curves for Channel C (Pedestrian A at 3 km/h) with OFDM
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Figure 13:  TTI BLER curves for Channel D (Pedestrian B at 3 km/h) with OFDM
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Figure 14:  TTI BLER curves for Channel E (Vehicular A at 120 km/h) with OFDM
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Figure 15:  TTI BLER curves for Channel F (Vehicular A at 30 km/h) with OFDM
5 Performance Metrics

The system-level performance statistics presented here were selected to provide representative performance measures of the OFDM and WCDMA technologies.  All of the system-level results contained in this contribution represent the aggregate and/or average statistics for one sector within a multi-sectored/multi-celled system.  Individual user performance is not included within this contribution, but will be investigated in the future to evaluate coverage and outage conditions.
The relevant performance statistics are briefly described below, and more details can be found in ‎[1].

The average over-the-air throughput represents the achieved transmission throughput (the ratio of the amount of good data received at the UEs to the total time used for transmission).  Idle time periods when the base station is not transmitting are not included.
The average packet call throughput represents the end-to-end throughput seen by an individual user when performing a packet call (e.g. loading a web page or downloading an FTP file).  This includes the effects of TCP modelling and contention for shared transmission resources among different users.
The average residual block error rate represents the average TTI block error rate remaining after the maximum number of HARQ retransmissions has been made.  A maximum of three HARQ retransmissions (in addition to the original block transmission) were attempted for the results presented here.  Note that in a more detailed implementation, a Layer 2 RLP (Radio Link Protocol) retransmission scheme might also be included to further reduce the overall residual TTI block error rate.
The average packet delay represents the average delay incurred by a TCP/IP packet while waiting for transmission.  Both the queuing delay and transmission/retransmission delay are included in this value.
6 System-Level Performance Results

6.1 Full-Queue Performance Results

Figure 16 through Figure 21 show the system-level performance results for all six channel models when the full-queue traffic model is used as a traffic source.  The packet delay for full-queue traffic packets is fixed to zero (since the concept of queuing delay for packets in an infinitely long queue is of little value), so this performance metric has been omitted for the full-queue traffic model.  The average packet call throughput for the full-queue traffic model is a direct function of the average over-the-air throughput (here, the average packet call throughput is equal to the average over-the-air throughput divided by the number of users), so this performance metric has also been omitted here.
Similar performance is observed for both OFDM and WCDMA in the two flat fading channels (A and B), which is as expected.  OFDM has a slightly higher throughput since the data payload sizes for the higher MCS combinations are slightly larger.
For the four dispersive channel models (C, D, E, and F), OFDM provides at least a 70% improvement over WCDMA in over-the-air throughput when round-robin scheduling is used.  When the max C/I scheduler is used, OFDM provides between 2.5 and 5 times as much over-the-air throughput as compared to WCDMA.

Note that the full-queue over-the-air throughput for WCDMA with the four dispersive channel models is essentially flat as a function of the number of users, even when the max C/I scheduling algorithm is used.  Referring to the WCDMA TTI BLER curves in Figure 6 through Figure 9 indicates that only one or two MCS combinations are usable.  Consequently, there is no real improvement in the multi-user diversity when the number of users increases and all users always have data to transmit.  Typically, an increased number of users available for scheduling implies that the user selected by the max C/I scheduler is more likely to have a higher C/I than would be the case for a smaller number of total users.  However, for WCDMA (with a Rake receiver) in a dispersive channel, a higher C/I does not allow the use of a higher MCS combination with a larger payload, since typically only the lowest MCS combination is available for use.
The average residual BLER is higher than would be expected for Channels A, B, E, and F, and this is likely due to the MCS selection algorithm which is based on the time-delayed reported instantaneous C/I values from each UE.  The two slowly varying channels (C and D at 3 km/h) have very low residual BLER for max C/I scheduling, which indicates that most if not all of the time the appropriate MCS combinations are being selected based on the reported channel conditions (which will not vary significantly between the time the C/I is measured and the MCS assignment is made).  The higher residual BLER for round-robin scheduling in Channels C and D would be due to the users with poor transmission channels – these users likely have a high individual residual BLER and are thus biasing the overall sector results.  For the other four channels, however, the channel conditions vary much more quickly (at 30 and 120 km/h), and the C/I feedback delay is likely impacting performance here since the channel conditions may change quite significantly between the time a specific C/I value is measured and the time the corresponding MCS selection and transmission based on that C/I value are made.  For these rapidly varying channel models, it would probably be preferable to make the MCS assignment based on the long-term average channel conditions (ignoring the instantaneous effects of fast fading).  This problem would explain the high residual BLER seen for channels A, B, E, and F with max C/I scheduling, which would normally select the user with the best channel (and a good channel would normally be expected to result in a low residual BLER).  This is especially visible for OFDM with the two high-velocity dispersive channel models (E and F) and max C/I scheduling since a larger number of MCS combinations are available for assignment in OFDM as compared to WCDMA for these channels (refer to Figure 14 and Figure 15 for OFDM, and Figure 8 and Figure 9 for WCDMA) – high MCS combinations are probably being assigned based on a high peak instantaneous C/I, but by the time the transmission actually occurs, the channel has worsened and the transmission therefore has a greater probability of failure.
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Figure 16:  System-level performance results for the full-queue traffic model over Channel A
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Figure 17:  System-level performance results for the full-queue traffic model over Channel B
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Figure 18:  System-level performance results for the full-queue traffic model over Channel C
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Figure 19:  System-level performance results for the full-queue traffic model over Channel D
[image: image26.emf]Full Queue Traffic -- Channel E -- Average Over-the-Air Throughput

0

1

2

3

4

5

6

7

10 20 30 40 50 60 70 80 90 100

Number of Users

Average Over-the-Air Throughput (Mb/s)

OFDM, Max C/I OFDM, Round Robin CDMA, Max C/I CDMA, Round Robin

[image: image27.emf]Full Queue Traffic -- Channel E -- Average Residual Block Error Rate

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

10 20 30 40 50 60 70 80 90 100

Number of Users

Average Residual Block Error Rate

OFDM, Max C/I OFDM, Round Robin CDMA, Max C/I CDMA, Round Robin


Figure 20:  System-level performance results for the full-queue traffic model over Channel E
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Figure 21:  System-level performance results for the full-queue traffic model over Channel F
6.2 Simplified Bursty Performance Results

Figure 22 through Figure 27 show the system-level performance results for all six channel models when the simplified bursty traffic model is used as a traffic source.

Again, as expected, relatively similar performance is seen between OFDM and WCDMA for the two single path channel models (A and B).

In the four dispersive channels (C through F), a 30% improvement in average over-the-air throughput for OFDM over WCDMA is seen when the same scheduling algorithm is used for both technologies.  For the same situations, OFDM also provides better performance than WCDMA in terms of the average packet call throughput (higher for OFDM) and average packet delay (lower for OFDM).  When the residual BLER values are compared, however, it is less clear that OFDM is providing superior performance to WCDMA.  This issue requires further investigation to determine the exact cause of the higher-than-expected residual BLER values.  As discussed in Section ‎6.1, the current MCS selection algorithm likely requires some modification for the higher-velocity channels and some individual users with poor transmission channels might also be unduly biasing the sector results.  It will therefore be necessary to examine the individual user performance statistics to determine if the users with poor transmission channels are receiving an insufficient level of service (high residual BLER and/or high packet delay).
The average over-the-air throughput for max C/I scheduling increases somewhat (as compared to round-robin scheduling) as the number of users increases.  This illustrates the beneficial effect of multi-user diversity, since there is a greater opportunity to use higher MCS combinations with larger payloads when there are more users available to select from and/or a greater probability that the scheduled user will have a higher C/I and therefore require fewer HARQ retransmissions.

The average packet call throughput decreases as the number of users increases, since a larger number of users are sharing the same total transmission resources.

The average packet delay can be seen to increase significantly with larger numbers of users.  These high packet delay values indicate that the capacity of the system is being exceeded for the range of sector users that was considered, although no specific outage criteria have been defined for this traffic model.
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Figure 22:  System-level performance results for the simplified bursty traffic model over Channel A
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Figure 23:  System-level performance results for the simplified bursty traffic model over Channel B
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Figure 24:  System-level performance results for the simplified bursty traffic model over Channel C
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Figure 25:  System-level performance results for the simplified bursty traffic model over Channel D
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Figure 26:  System-level performance results for the simplified bursty traffic model over Channel E
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Figure 27:  System-level performance results for the simplified bursty traffic model over Channel F
6.3 FTP Performance Results

Figure 28 through Figure 33 show the system-level performance results for all six channel models when the FTP traffic model is used as a traffic source.
As was the case for the two previous traffic models, similar performance is obtained between OFDM and WCDMA in the two flat fading channels (A and B), which again is as expected.

In the four dispersive channels (C through F), OFDM provides higher average over-the-air throughput, higher average packet call throughput, and lower average packet delay than does CDMA for the same channel and scheduling algorithm.  Specifically for these channel models, a 40% improvement in over-the-air throughput is observed when going from WCDMA to OFDM with round-robin scheduling, and a 50-90% improvement (the higher end of that range is observed at 100 users per sector) is observed when going from WCDMA to OFDM with max C/I scheduling.

The higher-than-expected residual BLER values could probably be reduced by improving the MCS selection algorithm (e.g. to assign MCS combinations based on the long-term channel conditions for the 120 and 30 km/h channels).  These high residual BLERs might also be caused in part by coverage issues involving the UEs with poor transmission channels.    The residual BLER is usually similar or lower for OFDM than for WCDMA when all other conditions (channel model and scheduling algorithm) are equal.  The exception is max C/I scheduling for channels E and F – in this situation the channel conditions will be well out-of-date by the time they are used, and the scheduler could therefore select the wrong UE (due to the feedback delay, the UE with the highest reported C/I might not be the UE with the highest current C/I) and/or the wrong MCS combination.  For the 3 km/h channels C and D, the residual BLER under round-robin scheduling decreases as the number of users increases – in this situation there is a greater amount of time between successive TTI allocations so there is more opportunity for the slowly varying channel to improve between successive HARQ transmission attempts.
The high average packet delays observed for larger numbers of users within the sector indicates that the system capacity is being exceeded due to being overloaded, although no specific outage criteria have been defined for the FTP traffic model.
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Figure 28:  System-level performance results for the FTP traffic model over Channel A
[image: image58.emf]FTP Traffic -- Channel B -- Average Over-the-Air Throughput

0

0.5

1

1.5

2

2.5

3

3.5

10 20 30 40 50 60 70 80 90 100

Number of Users

Average Over-the-Air Throughput (Mb/s)

OFDM, Max C/I OFDM, Round Robin CDMA, Max C/I CDMA, Round Robin

[image: image59.emf]FTP Traffic -- Channel B -- Average Packet Call Throughput

0

0.2

0.4

0.6

0.8

1

1.2

1.4

10 20 30 40 50 60 70 80 90 100

Number of Users

Average Packet Call Throughput (Mb/s)

OFDM, Max C/I OFDM, Round Robin CDMA, Max C/I CDMA, Round Robin

[image: image60.emf]FTP Traffic -- Channel B -- Average Residual Block Error Rate

0

0.05

0.1

0.15

0.2

0.25

10 20 30 40 50 60 70 80 90 100

Number of Users

Average Residual Block Error Rate

OFDM, Max C/I OFDM, Round Robin CDMA, Max C/I CDMA, Round Robin

[image: image61.emf]FTP Traffic -- Channel B -- Average Packet Delay

0

10

20

30

40

50

60

10 20 30 40 50 60 70 80 90 100

Number of Users

Average Packet Delay (s)

OFDM, Max C/I OFDM, Round Robin CDMA, Max C/I CDMA, Round Robin


Figure 29:  System-level performance results for the FTP traffic model over Channel B
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Figure 30:  System-level performance results for the FTP traffic model over Channel C
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Figure 31:  System-level performance results for the FTP traffic model over Channel D
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Figure 32:  System-level performance results for the FTP traffic model over Channel E
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Figure 33:  System-level performance results for the FTP traffic model over Channel F
6.4 HTTP Performance Results

Figure 34 through Figure 39 show the system-level performance results for all six channel models when the HTTP traffic model is used as a traffic source.

The average packet delay values are lower as compared to the other traffic models and therefore indicate that the system capacity is probably not being exceeded, with the possible exception of large numbers of users (i.e. 100) in some cases.  Note that specific outage criteria have not been defined for the HTTP traffic model.  The higher capacity in terms of number of users per sector is likely due to the HTTP traffic model being quite bursty with longer idle periods and also having a lower average amount of traffic per user per unit time, as compared to the other traffic models.

The average over-the-air and average packet call throughput quantities are quite similar for the max C/I and round-robin scheduling algorithms, when the other simulation conditions are equal.  This implies that normally only a few users will have data to transmit at the same time, so there is little multi-user diversity for the max C/I scheduler to take advantage of in order to increase the aggregate sector throughput.
In the four dispersive channels (C through F), a 30% improvement in the average over-the-air throughput can be observed when going from WCDMA to OFDM for both scheduling algorithms.  Similarly, the average packet-call throughput for these channels is higher for OFDM.  OFDM usually has lower average packet delays.  WCDMA with max C/I scheduling appears to be particularly poor in terms of average packet delay for large numbers of users.  The residual BLER is typically equal or lower for OFDM as compared to WCDMA, although this quantity is still higher than expected, likely for the same reasons as noted earlier for the other traffic models.

[image: image78.emf]HTTP Traffic -- Channel A -- Average Over-the-Air Throughput

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

10 20 30 40 50 60 70 80 90 100

Number of Users

Average Over-the-Air Throughput (Mb/s)

OFDM, Max C/I OFDM, Round Robin CDMA, Max C/I CDMA, Round Robin

[image: image79.emf]HTTP Traffic -- Channel A -- Average Packet Call Throughput

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

10 20 30 40 50 60 70 80 90 100

Number of Users

Average Packet Call Throughput (Mb/s)

OFDM, Max C/I OFDM, Round Robin CDMA, Max C/I CDMA, Round Robin

[image: image80.emf]HTTP Traffic -- Channel A -- Average Residual Block Error Rate

0

0.02

0.04

0.06

0.08

0.1

0.12

10 20 30 40 50 60 70 80 90 100

Number of Users

Average Residual Block Error Rate

OFDM, Max C/I OFDM, Round Robin CDMA, Max C/I CDMA, Round Robin

[image: image81.emf]HTTP Traffic -- Channel A -- Average Packet Delay

0

0.5

1

1.5

2

2.5

10 20 30 40 50 60 70 80 90 100

Number of Users

Average Packet Delay (s)

OFDM, Max C/I OFDM, Round Robin CDMA, Max C/I CDMA, Round Robin


Figure 34:  System-level performance results for the HTTP traffic model over Channel A
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Figure 35:  System-level performance results for the HTTP traffic model over Channel B
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Figure 36:  System-level performance results for the HTTP traffic model over Channel C
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Figure 37:  System-level performance results for the HTTP traffic model over Channel D
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Figure 38:  System-level performance results for the HTTP traffic model over Channel E
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Figure 39:  System-level performance results for the HTTP traffic model over Channel F
7 Recommendations
This document has presented a number of system-level results comparing the performance of OFDM with WCDMA (Rake receiver).  The results contained in this document are the average results obtained for all users within a sector.  There is also a need to examine the individual user performance statistics to determine what coverage issues exist and whether or not a few users with poor transmission channels are biasing the overall sector results.

Defining specific outage conditions for all of the considered traffic models would be useful.  Ultimately, system capacity is the measure of interest and can provide a standard basis of comparison for evaluating the two technologies.

In each of the four traffic models evaluated here, the residual BLER was higher than expected and this issue should be investigated in more detail.  Two possible sources for the high residual BLER values were hypothesized.  The MCS assignment algorithm will likely perform better if the effects of fast fading are ignored and MCS combinations are selected based on a particular UE’s long-term average channel power, especially for the 120 and 30 km/h channels (A, B, E, and F).  Users with poor channels will be assigned to the lowest MCS combination, but may still have difficulty in successfully transmitting TTI blocks even after HARQ.  These users may be biasing the combined sector error results.  If the residual BLER can be reduced, this might increase overall throughput.  For example, if a lower (and more accurate) MCS scheme is selected, the overall number of retransmissions may be reduced and the number of failed transmissions (after the maximum number of HARQ attempts) may also be reduced.

In addition to improving the MCS selection algorithm, the scheduler may also need to be well-designed in order to take full advantage of the benefits of OFDM. As part of this process, it will likely be necessary to look at the observed frequency histograms of the MCS assignments.
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