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On the definition of spectral efficiency
1 Introduction

One objective of the feasibility study for GERAN evolution ‎[1] is to increase the spectral efficiency by 50%. Since no definition of spectral efficiency for packet data services has been agreed, it is difficult to determine to what extent this objective is fulfilled. This contribution contains a discussion on spectral efficiency and a proposed definition.
2 Discussion

For speech, the definition of spectral efficiency is straightforward. It is normally defined as the system “capacity” given a requirement on the quality of service. E.g., the spectral efficiency for speech can be described as follows:

· The amount of speech traffic per cell per MHz, given that a sufficiently large fraction of the users get a sufficient QoS (quality of service) and GoS (grade of service)
· The amount of speech traffic is measured in Erlang/cell/MHz

· The “sufficiently large” fraction of users is e.g. 95%

· The “sufficient QoS” is e.g. 1% FER averaged over a call.
· The “sufficient GoS” means that calls must not be blocked dropped too often, e.g., at most 2% of the calls may be blocked or dropped.
Analogous to this, a spectral efficiency definition for best-effort data services can be described as follows:

· The amount of data traffic per cell per MHz, given that a sufficiently large fraction of the users get a sufficient QoS and GoS
· The amount of data traffic is preferably measured in kbps/cell/MHz.

· The “sufficiently large” fraction of users is e.g. 90%
.
· The QoS for best-effort data is mainly the average session bit-rate. Thus, the “sufficient QoS” is at least e.g. 15
 kbps per timeslot, averaged over a data session.
· The “sufficient GoS” is often not applicable to data traffic, since algorithms like admission control and load control are necessary to introduce blocking and dropping, respectively. If the spectrum efficiency for a particular service with explicit requirements, i.e. a non-best-effort service, is desired, “sufficient GoS” could be defined similar to the speech case. However, it is suggested to make the use of admission control and load control optional in the simulations.
The requirements above are equivalent to that the (e.g.) 10th percentile of average session bit rates shall be above (e.g.) 15 kbps per timeslot. Note that, in this example, 90% of the users will have more than the required 15 kbps per timeslot.

It should also be noted that the spectral efficiency will depend a lot on the type of (best-effort) service, i.e., the traffic model used in the simulator. Rather than specifying a common traffic model, it is suggested to allow different models, that should be clearly described together with presented simulation results. It is important to remember, however, that this does not allow for comparison of absolute spectral efficiency numbers from different sources. On the other hand, this is not necessary to make such comparisons in order to determine whether the objectives of the feasibility study are fulfilled.
3 Conclusion

It is proposed to add the following description of spectral efficiency for best-effort data services to the feasibility study for GERAN evolution ‎[1]:
“The spectral efficiency of a system is the amount of data traffic (measured in kbps/cell/MHz), given that the [10th] percentile of average session bit rates is at least [15] kbps per timeslot.
Congestion control and load control may optionally be used in simulations. If it is, the amount of blocking and dropping should be presented.

Traffic models and other system parameters used to determine the spectral efficiency must be clearly described.”

The values within brackets should preferably be agreed by GERAN before inclusion in the feasibility study.
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� Another level could be chosen, but for a best-effort service, it is reasonable to choose a lower value than for speech.


� Another level could be chosen.
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