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1. Introduction

This contribution discusses the choice of packet scheduler used for simulations in support of the HSDPA technology evaluation/selection phase. During the HSDPA feasibility study phase, two types of packet scheduler have been defined, namely the maximum C/I and the Round Robin schedulers. As was pointed out several times during the R1 discussions neither of those two schedulers is a good choice for practical system operation. The maximum C/I scheduler provides maximum system throughput but is highly unfair to users in bad coverage areas while the Round Robin scheduler is perfectly fair but does not take advantage of the relaxed delay constraint to optimize the resource allocation (i.e. system throughput).

There is therefore a tradeoff between maximizing total throughput and guaranteeing a degree of fairness to all users.  For it to be relevant, we believe that it is important that the technology evaluation/selection is based on simulation assumptions which are as close as possible to the actual operation of the packet channel. At the same time we understand that it would b very difficult and time consuming to agree on a single reference scheduler algorithm. Therefore, we describe and propose the definition of a set of bounds on the cdfs of user throughputs as a way to ensure some degree of fairness in the scheduling algorithm used during the evaluation/selection phase.

2. Rationale for Throughput cdf

The rationale for choosing the cdf is as follows:

· The actual rates achieved by individual users depend on the number of users in the system, and also on the available base station transmit powers which are variable because of voice users.

-  Implies that the cdf should relate to normalized throughputs, normalized with respect to average throughputs

· A maximum C/I scheduling algorithm (one that always chooses the best user for transmission) is good for total throughput but obviously highly unfair to C/I disadvantaged users and will starve some users in some real situations

-   This implies that max C/I algorithm should not satisfy cdf criteria, i.e., the criteria cdf should be to the right of  the max C/I cdf’s

· A round robin scheduling algorithm is fair in allocating base station resources (although it constrains total throughput)

-   this implies that the round robin algorithm should satisfy the criteria cdf; i.e., the criteria cdf should be to the left of the round robin cdf’s

· Thus, the criteria cdf should lie between those of the max C/I  and round robin scheduling algorithms

3. Proposed cdf bounds

This approach has been discussed and agreed in the context of 3GPP2 evaluation group for concepts equivalent to those proposed for HSDPA. Based on the discussion in 3GPP2 the bounds shown in table 1 have been agreed upon. We believe that this methodology is not sensitive to the carrier bandwidth and we propose that those bounds are used in the HSDPA evaluation/selection phase.
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Table 1. Fairness Criteria
Where, normalized throughput = achieved user throughput/average user throughput 

The fairness criteria should be verified by simulating the performance of the scheduler for a set of reference tests. The throughput cdf  should lie to the right of the cdf in Table 1. Once the scheduler has passed the reference fairness test, it can be used for the all other configurations.

Examples of reference tests and curves are shown in the Annex.

4. Conclusion

We have pointed out some issues related to the packet schedulers used during the feasibility study. We have described a methodology which would mitigate these issues and ensure proper evaluation of the HSDPA technologies in support of the technology selection process. We recommend that this methodology is adopted during the evaluation and selection phase for HSDPA.

5. Annex

The annex describes the reference tests for the fairness criteria and examples of associated cdfs used in the context of 3GPP2 1x EV-DV evaluation group.

Test 1 – for FTP, six graphs needed.

· Single path Rayleigh fading

· 3, 30, 100 km/h

· All FTP users, with buffers always full

· 10, 20 users dropped uniformly in cell

· 80% of BS power available for data users, max. BS power = 20 w

· Full BS power form other cells

Test 2 – for HTTP, three graphs needed

· Single path Rayleigh fading

· 3, 30, 100 km/h

· All HTTP users, with traffic model provided in table 2.

· 20 users dropped uniformly in cell

· 80% of BS power available for data users, max. BS power = 20 w

· Full BS power form other cells

Process
Random Variable
Parameters

Packet Call Size
Pareto with cutoff
A=1.2, k=4.5 Kbytes, m=2 Mbytes, = 25 Kbytes

Time Between Packet Calls
Geometric
= 5 seconds

Table 2: Web Browsing Model Parameters

Simulation Results Supporting ther Proposed cdf
Simulation results of user throughput CDF with and without arrival processes are provided. All results use single path Rayleigh fading, cdma2000 RC4 (1.8…307 kbps, QPSK), and normalization wrt to average throughput. The throughput CDFs without arrival processes assume ftp type of traffic with fixed number of users in service. Two cases are shown in the plots with data users using 50% and 80% of total transmit power. The throughput CDFs with arrival processes adopt the web traffic model described in table 1. Two cases are shown in the plots with different average reading time.  

Remark. The parameters, especially those from cdma2000 RC4, are, of course, not identical to those of 3GPP but are used to illustrate the approach. The approach is quite robust.
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Figure 1: CDF normalized by average throughput, 10 user, ftp traffic, 80% of BS total power.
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Figure 2: CDF normalized by average throughput, 20 user, ftp traffic, 80% of BS total power.
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Figure 3: CDF normalized by avg throughput, 20 user, ftp, 50% of BS total power

[image: image4.wmf]CDF of Tput / Avg (Tput), 10 users, avg reading_time = 5 sec.
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Figure 4: CDF normalized by Avg Throughput, arrival process, 10 users, avg reading time=5sec 
[image: image5.wmf]CDF of Tput / Avg(Tput), 20 users, avg reading_time = 5 sec.
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Figure 5: CDF normalized by Avg Throughput, arrival process, 20 users, avg reading time=5sec

[image: image6.wmf]CDF of Tput / Avg(Tput), 20 users, reading_time = 2.5 sec.
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Figure 6: CDF normalized by Avg Throughput, arrival process, 20 users, avg reading time=2.5sec
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