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GERAN Evolution – On the Evaluation of Spectrum Efficiency Gains
1 Introduction

At the last GERAN Evolution AdHoc meeting, a definition of spectrum efficiency was proposed which included a requirement for QoS [1]. This document discusses particular issues with this type of definition and proposes to define a common set of parameters for defining a scenario to assess spectrum efficiency gains.    
2 Issues with current spectrum efficiency definition

With the definition of spectrum efficiency [1], it is expected that the following issues arise: 

· The maximum achievable spectrum efficiency is substantially higher than the spectrum efficiency given a minimum QoS.

· By defining a high minimum QoS, a high gain in spectrum efficiency can be demonstrated. Based on figures 83 and 85 in [2], a spectrum efficiency gain of almost 200 % could be claimed if an average 10th percentile data rate of 110 kbit/s was chosen. 
· A rather unrealistic, but simple method to estimate the gain in spectrum efficiency can be based on the throughput improvement curves as shown in section 8.4.1.4 of [2]. With this approach, an upper bound for the spectrum efficiency gain is the maximum throughput gain which can be achieved, which was found to be 27% [3]. If a different method to assess the spectrum efficiency – e.g. the one proposed in [1] – shows higher gains, these gains may be based on parameter settings which fit better to the new transmission scheme than to the legacy transmission scheme.

With regard to spectrum efficiency simulations for speech, a QoS criterion is needed since it does not make sense to determine Erlang figures at 100 % FER. Similarly, spectrum efficiency simulations for best effort packet data at a BLER of 100 % would not make sense either. However, throughput takes only the correctly received blocks into account, and best effort users have no guaranteed bandwidth. Hence the maximum possible throughput in the network can be used to calculate the maximum spectrum efficiency, and we suggest determining this maximum spectrum efficiency irrespective of any QoS criterion. This approach might have to be reconsidered if, under these conditions, the majority of users would only use GMSK modulated MCS.
3 Scenario setup for evaluating spectrum efficiency gains
There is a large number of parameters which influence the simulation results for spectrum efficiency. The better these parameters are aligned between different parties, the better the simulated gains can be compared.

3.1 Power Control
Tx power is important only if the reception is in part also sensitivity limited. Under purely interference limited conditions, the Tx power need not be defined. However, power control can have an influence on spectrum efficiency. There may be good reasons to apply different power control schemes to a new transmission scheme and to legacy EGPRS, but since different power control schemes alone can lead to different results in spectrum efficiency, a common power control scheme would be more neutral. The easiest way to deal with this is to switch power control off, although this may be an oversimplification. Differences in output power for the different modulations, e.g. due to different peak-to-average ratio/different back-off, need to be reflected in the simulation unless the scenario is purely interference limited. 

3.2 Admission and Load control
Admission and load control can improve the spectrum efficiency. If for instance a user at the cell edge who has low throughput but creates a lot of interference is barred, the spectrum efficiency will rise. Load control can help achieve some QoS. For the sake of simplicity, we propose not to include admission or load control in the simulations.

3.3 RLC/MAC Scheduling 

To enhance the spectrum efficiency, scheduling algorithms can favour users who have currently a good radio link. However, a fair scheduler could on the contrary assign more timeslots to users under bad radio conditions in order to offer a similar throughput to every user. This second strategy would reduce the spectrum efficiency. Scheduling should be neutral and should operate like round robin.
3.4 Traffic Model
The traffic model incl. application can be chosen as in section 8.4.3.6.1 of [2], e.g. ftp with 100 kB file size (best effort). However, the slow start effect of TCP/IP must be modelled, and the initial MCS needs to be defined, e.g. MCS-1.

3.5 Proposed Scenario Configuration
The proposed configuration for evaluating spectrum efficiency gains is based on scenario 2 in [2] detailed in Table 1. Table 2defines the additional parameters, that are believed necessary to be specified.
	Parameter
	Scenario 2

	Reuse
	4/12

	Spectrum allocation
	7.2 MHz (excluding BCCH)

	Frequencies per cell
	3

	Transceivers per cell
	3

	Frequency hopping
	No

	Traffic model
	FTP, 100 kB file size

	Cell radius
	500 m

	Power control
	No

	Pathloss model
	Okumura-Hata

	Log-normal fading standard deviation
	8 dB

	Rayleigh fading
	Yes

	Multi-slot allocation per session
	4 timeslots

	Link quality control
	Measurement based link adaptation

	Power backoff 8PSK
	3.3 dB

	Power backoff 16QAM
	5.3 dB


Table 1: Scenario 2 defined in [2]

	Parameter
	Setting
	Remark

	Frequency band
	DCS 1800
	has largest number of channels but GSM 900 could also be used

	Radio Channel
	typical urban
	

	User Velocity 
	3 km/h 
	pedestrian

	Sectors per site
	3
	

	Antenna characteristic
	standard antenna used in  UMTS 30.03, only  horizontal plane
	

	Path loss coefficient
	38 dB per decade
	For the Okumura-Hata pathloss model

	User distribution 
	uniform
	

	Power Control
	off
	see section 3.1

	Admission and load control
	off
	see section 3.2

	RLC/MAC scheduling
	round robin
	see section 3.3

	Initial MCS for Link Adaptation 
	MCS-1 
	see section 3.4

	Incremental Redundancy
	on
	


Table 2: Additional Parameters to be defined

4 Conclusion

It is our understanding that a common and complete set of configuration parameters needs to be defined to assess the spectrum efficiency gains in a comparable manner. Moreover, the QoS criterion is not required for best effort services; hence spectrum efficiency should be evaluated at maximum total throughput for all data users. 
It is proposed to use the following definition of spectral efficiency as a working assumption for the GERAN Evolution Feasibility study instead of the one in [1] :

“The spectral efficiency of a system is the amount of data traffic (measured in kbps/cell/MHz), at the offered load which maximizes the total throughput for all data users in the cell per timeslot.

Congestion control and load control should be switched off. If optionally used in simulations the amount of blocking and dropping should be presented.

The traffic models and other system parameters used to determine the spectral efficiency need to be defined as given in Table 1 and Table 2.” 

It is proposed that the contents of this document are captured in the GERAN Evolution Feasibility study. 
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