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1. Introduction

With the improvements in computing power, certain aspects of the LTE and LTE – A network can be modelled more accurately, thus obtaining a more realistic picture of gains made by LTE – A. This contribution focuses on simulation assumptions for LTE – Advanced. Focus of the paper is system – level simulations which model the behaviour of UEs in a 19 – site network. 

All comparisons, if they are subsequently defined inside the requirements document, of LTE and LTE – Advanced technologies, should be apples – to – apples comparisons. This means that LTE – A and LTE system simulations should be run with in a common scenario with a common set of simulation assumptions.      
2. System Simulation Assumptions
In a dynamically scheduled uplink network, interference between different cells changes between consecutive sub–frames. The effect of the change can be substantial as users in different locations can be scheduled subsequently. Furthermore, this effect can substantially degrade the performance of the network because channel quality estimates are essentially required for future sub – frames wherein the transmission will occur. In order to fully understand the impacts of the phenomenon onto the LTE – A network, dynamic user scheduling with link adaptation in a 19 – site network should be modelled. Similar to the LTE system level simulations, the network model for the uplink should be a 19 – site network model with at least three cells per cell site. Physics and geometry of the simulation set – up can be as in LTE (antenna patterns etc). In case that wrap – around is modelled, results can be taken from entire 3*19 cells; otherwise, results should be provided only from the central site. 
In order to fully model the impacts of dynamic user scheduling, a frequency – selective scheduler (e.g. PF scheduler – freq. selective) should be also taken as a baseline. This will occur in a realistic system wherein the out – of – cell interference will be frequency selective as well. As a conclusion, any system level simulation should model dynamic, time – frequency selective, user scheduling, with link adaptation, in a 19 site network. 
Mobility can be modelled at the system level, but only through modelling of fast (e.g. Rayleigh) fading inside the system simulation. For example, for a higher Doppler scenario, link adaptation will not be as accurate as in the lower Doppler scenario, and this will then be apparent in the system simulations. However, mobility modelling by shifting the location of users in the cell is not needed, because its effect is not likely to be observable for system throughput evaluations. A particular drop in a system simulation typically takes thousands of sub – frames, which is for example 5 seconds or less (e.g. 2 seconds). Pathloss and shadowing can be assumed to be constant for these time periods, especially for more important (lower Doppler) scenarios defined in the requirements document.         

Burst traffic models, where UEs have a finite buffer size, can be included in the system simulation. In addition, a UE scheduler can be designed to take into account the buffer size. Examples of such bursty traffic models are HTTP model and Poisson model. However, a full – buffer traffic with a proportional fair (PF) frequency domain scheduler should be considered and simulated as a baseline for calibration of system simulations.    

Amount of inaccuracy in CQI estimation (e.g. through the SRS in UL) should be modelled at the system level, wherein the “perfect CQI estimation” can be taken as a baseline. A sounding reference signal (SRS) transmission should be modelled at the system level, where the SRS transmission occurs in a TDM manner multiplexed with the PUSCH transmission. Channel quality estimation (CQI) should be performed on the SRS transmission and the resultant CQI should be used for user scheduling in the system level simulation. Note that high throughputs of LTE and consequently of LTE – A are primarily enabled by link adaptation and fast and accurate frequency selective scheduling. Thus, imperfections in these can substantially degrade the performance of LTE – A technologies, and as such, should be included in the final selection of supported features and techniques. Inaccuracy in the channel estimation can be considered as a link level parameter and can be modelled either at the link or at the system level. However, simultaneous modelling of both UL and DL transmission may be overly complicated and unnecessary.  
Handover modelling, through usage of various measurements can be supported at the system level. However, as a baseline, simulations with no handover should be considered to obtain a consensus on results and to calibrate simulators. Essentially, while handover models don’t add much complexity to system simulations, they do add a certain amount of uncertainty to the final results. Finally, when reporting final results, a trade-off between system throughput and cell – edge throughput (through sweeping controlling parameters) may be reported and plotted. This trade-off can be reported as tabular or as a figure plot. Thus, a network can be biased with controlling parameters either to favour the cell edge throughput or the cell average throughput.
3. Conclusion

A minimum set of system simulation assumptions should be adopted to enable independent evaluations of technologies proposed for LTE-A, and to enable subsequent calibration of final results. These can include dynamic multi – site frequency selective scheduling, link adaptation, mobility through fast fading, traffic models, inaccuracies in CQI and channel estimation, and the handover.          
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