3GPP TSG GERAN ad hoc on GERAN evolution #2
Tdoc AHGEV-060034
Sophia Antipolis, France

Agenda item 6
May 25th – 26th, 2006

Source: Ericsson


3GPP TSG GERAN ad hoc on GERAN evolution #2
Tdoc AHGEV-060034

More on the definition of spectral efficiency
1 Introduction

Two contributions ‎[1]

 REF _Ref136109584 \r \h 
‎ and [2] have investigated the gains in spectral efficiency of 16QAM and turbo codes and come up with very different conclusions. This contribution is an attempt to shed further light on the differences.
2 Spectral efficiency definition
In ‎[1], the following definitions are used.

Cell throughput is defined as:
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(where offered load is measured per timeslot).
Spectral efficiency is defined as:
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The number of reserved timeslots is estimated as:
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(3)
Note that the same definition of spectral efficiency is used in ‎[2].
3 Simulation data

Both ‎[1] and ‎[2] use simulation results (offered_load and average_session_bitrate) from ‎[2]. These results are reproduced in Figure 1 (for a 1/3 reuse). Note that ‎[1] uses the 50th percentile of the average session bitrate as an approximation of the “average average” session bitrate
. This should be a fairly accurate approximation and the same approach is used in this contribution.
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Figure 1. 50th percentile of average session bit rate versus offered (FTP) load for 1/3 reuse with frequency hopping.
4 Comparison
The difference between ‎[1]

 REF _Ref136109584 \r \h 
‎ and [2] does not lie in the definition of spectral efficiency but rather in how (at what load) the spectral efficiency is compared.
Below, the method of ‎[1] is used – the spectral efficiency (2) is plotted versus number of reserved slots (3). The result is shown in Figure 2. A dashed line is also plotted corresponding to a fixed “load”, i.e., a number_of_reserved_timeslots, of 20. It is clear that with this method of comparison, the gain in spectral efficiency is 18%, as reported in ‎[1] and shown in the figure.
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Figure 2. Spectral efficiency versus “load”.

However, one thing that is not visible in Figure 2 is whether the average session bit rate is the same for the two cases (EGPRS versus 16QAM+turbo) at the point of comparison. To investigate this, the curves of Figure 2 are plotted in the similar
 way as in ‎[2], i.e., spectral efficiency versus average session bit rate. From (2) and (3) it follows that
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Spectral efficiency versus average session bit rate is shown in Figure 3.
[image: image7.png]Spectral efficiency [kbps/cellMHz]

140

120

100

80

60

40

20

EGPRS
160AM-+Hurbo

80

100

120 140 160
50th percentile of average session bit rate [kbits/s]

180

200




Figure 3. Spectral efficiency versus average session bit rate.

The “fixed load” line of Figure 2 is also plotted in Figure 3 at a black dashed line. As expected, the difference in spectral efficiency (vertical axis) between the two points at which the “fixed load” line intersects the spectral efficiency curves is still 18%. This corresponds to an 18% increase in offered load (from the definitions (1) and (2)), i.e., 18% more users are successfully served by the system per time unit.
It is now also clear that the two points have a different average session bit rate (horizontal axis). This difference also happens to be 18% in the example.

In other words, 18% more users are served by the system, each getting an average session bit rate increase of 18%. Taking into account both, the total system gain is 1.18*1.18=39%.
Following the method of ‎[2], the spectral efficiency would instead be compared at a fixed average session bit rate, i.e., a vertical line in Figure 3. E.g., at the purple dashed line, the spectral efficiency gain is 42%, i.e., 42% more served users with unchanged average session bit rate per user.
5 Conclusions
The spectral efficiency definitions of ‎[1] and ‎[2] are the same. The difference lies in how (at what load) the spectral efficiency is compared.
The method used in ‎[1] hides the fact that user bit rates are different at the point of comparison. It is e.g. shown (in a 1/3 reuse) that the spectral efficiency (number of served users) is increased by 18%, but it is not visible that in addition to this, the average session bit rate is increased by 18% per user, i.e., the quality of service is higher. Taking into account also this, the total system gain can be said to be 1.18*1.18=39% (although it is not entirely clear what this product measures).
With the method used in ‎[2], spectral efficiency is compared at a given average session bit rate (quality of service). In the same scenario, the spectral efficiency gain is 42% with this method.
It is proposed to use the method of ‎[2] (or a similar one) for fair spectral efficiency comparisons. This method is described in more detail in ‎[3].
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� The average session bitrate is the average bitrate of a session (one FTP file download). The “average average” session bitrate is the average session bitrate averaged over all sessions.


� Here, the spectral efficiency is plotted versus the 50th percentile of the average session bit rate. In � REF _Ref136109584 \r \h ��‎[2]�, it is plotted versus the 10th percentile.
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