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1. Introduction

In this contribution we present further input to LTE-A system level evaluation methodology and assumptions. In particular, we suggest considering two dynamic traffic models in addition to the commonly used models for LTE Rel’8 evaluations. Finally, different system simulator methodologies are discussed, with the recommendation to allow some freedom for selection of the simulation approach, as long the overall assumptions are in coherence with common agreements (as well as are explained when presenting results). 
2. Overall considerations
The majority of the LTE Rel’8 system level simulations were conducted according to the assumptions in [2], with following main assumptions:
· Main focus on regular 3-sector macro cell scenarios with uniform UE distribution.

· Traffic models: Either simple full buffer or VoIP.
· Results mainly obtained from quasi-dynamic simulations with separate UL and DL simulations.
A similar approach can also be used for first evaluations of LTE-A, but as also discussed in [1], additional cases shall be considered for evaluation of more advanced LTE-A features. In the following we further elaborate on some of the additional cases that we see useful for coming LTE-A evaluations.
Traffic Model Considerations:

The full buffer traffic is seen useful for first LTE-A evaluations, and is considered to bring sufficiently insight for many comparison of many LTE-A candidate features. However, as also discussed in [1], the full buffer model is static in the sense that a constant number of users are available during each simulation event, all of them with an infinite amount of data. Hence, the full buffer model does not cause dynamic fluctuations. A simple extension of full buffer model is to instead consider a more dynamic finite buffer model with the following characteristics:

· Upon creation of a new link (UE), a certain finite buffer of X bits/bytes is assigned. Once these X bits/UE have been successfully transmitted, the link is terminated (killed).
· Creation of new UEs can be according to standard homogenous Poisson call arrival process, or by simply creating a new UE at a random location when one of the existing UEs in the network is terminated.

The finite buffer model has the advantage that it results in dynamic traffic fluctuations during each simulation run, as UEs will be dynamically created and terminated (i.e. birth-death process). The second advantage of the proposed finite buffer model is that is simpler than the more advanced HTTP traffic models, which typically require very long simulation campaigns to have reliable output statistics. Finally, the finite buffer model also incorporates some fairness in the sense that users down/up-load the same amount of data (X bits/bytes), whereas the full buffer model allows UEs close to the eNode-B to have more data. As an example, results with the finite buffer traffic model are presented in [3].
We therefore suggest considering using the finite buffer model in additional to the full buffer model for evaluation of best effort performance. 

The other traffic model used for Rel’8 LTE evaluations was the VoIP model. The same model is proposed to also be used for LTE-A simulations. 
Exact definition of offered traffic load in terms of number of users per cell, call arrival rate (in case of dynamic traffic), etc. shall be further discussed.
Environment considerations:
As stated in TR 36.913, environments for LTE-A evaluations suchs macro, micro, and indoor pico cells are mainly expected to come from ITU-R (potentially reusing the macro cell and micro cell scenarios from TR 25.814). Depending on the ITU-R environment suggestions, we recommended to also consider a limited set of special cases with irregular eNode-B (or Home eNode-B) locations in e.g. pico and micro cells. Exact definition is for further study and discussions.
Both the micro and pico cell scenarios are considered to have moderate mobility, so explicit simulation of serving cell changes for those environments is not given priority. However, serving cell assignment shall be modeled realistic, taken into account that UEs are not always connect to the ideally best cell. In addition to the having schemes where the UE connect to cell with the best RSRP or RSRQ, it is suggested to also consider a few cases where UEs are simply connected to the cell based on geographical area. The latter is seen as a simple methodology to model cases with closed subscriber groups (CSG).  Finally, if using the so-called finite buffer dynamic traffic model, each call will have limited duration, much smaller than the total simulation length.
Evaluations with Relay Nodes (RN) are mainly considered for macro cellular type of environments. The exact layout of eNode-Bs and RN positions is for further study and may differ for both cases (i.e. not to rule out fixed regular/ layouts adopted to relaying by the operator, at this point, but more irregular/random layouts might be considered as well for specific deployments). 
Bandwidth considerations:

Many of the LTE Rel’8 simulations have been conducted with bandwidths of 5 MHz and 10 MHz, even though Rel’8 cover bandwidths of up to 20 MHz. A similar approach could be taken for LTE-A simulations, so that the simulated bandwidth configuration is smaller than the assumed maximum of 100 MHz. Simulations with smaller bandwidth saves simulation time and complexity. The required bandwidth for LTE-A system simulations is for further discussion, and probably depends on the considered case. For some cases (e.g. macro) 20 MHz may be sufficient even when analyzing scalable solutions with higher bandwidth.
3. Simulation approaches
In this section we shortly elaborate on different system simulator approaches. We start with simple characterization of three different methodologies in order to further address their pros and cons depending on the type of needed results, etc.
Extended link simulations with multiple links:

· Methodology where explicit link simulations (i.e on sub-symbol time-resolution) including full transceiver chain are conducted for multiple users and cells, including Layer-2 RRM mechanism such as Hybrid ARQ, link adaptation, dynamic packet scheduling, etc.
· No explicit simulation of serving cell changes during the life-time of each call, but with realistic serving cell selection.
· Is especially attractive for studying more precisely the effect of physical layer designs on system performance (e.g. real channel estimation impact of multi-cell reference signal designs), but also includes some limitation in terms of the maximum number of links and real simulation time, etc…

Quasi-dynamic simulations

· Methodology with simpler link-to-system interface (e.g. based on EESM or MIESM). 

· Multiple users and cells are simulated, including Layer-2 RRM mechanisms such as Hybrid ARQ, link adaptation, dynamic packet scheduling, etc. Can also include Layer-3 controlled RRM features such as admission control, persistent scheduling configuration, etc. 

· Simulation approach can be either snap-shot based (as typically assumed for full buffer cases) or one longer continuous simulation with dynamic traffic variations – for instance according to proposed finite buffer model.

· No explicit simulation of serving cell changes during the life-time of each call, but with realistic serving cell selection.

· Is especially attractive for system level studies with low mobility, for RRM studies, etc..
Full-blown dynamic system level simulations

· Similar system simulation methodology as quasi-dynamic, but with explicit simulation of serving cell changes.
· Provides opportunities for more detailed system level studies where mobility is expected to have larger influence on the performance results.

The same environment can be simulated with all three listed approaches, using the same layouts in terms of eNode-B locations, path loss, shadow fading, and radio channel impulse models, etc. Correlation of shadow fading between cells is explicit modeled as well as eNode-B and UE antenna correlations for each link (e.g. according to the SCM models). All three simulation approaches have their pros and cons, and are attractive for different cases depending on the type performance studies, depending on environments, the type of features under evaluation, etc. Our recommendation is therefore to allow some freedom for partners to flexibly select their preferred simulation approach – as long as the modeling assumptions are in compliance with agreements for environment settings (layout and propagation models), traffic models, etc.
4. Conclusions

Based on the presented considerations in this contribution, we recommend considering the following traffic model for LTE-A evaluations,
· Simple Finite buffer traffic model with dynamic creation and termination of calls during a simulation. Seen as a simple method for modelling best effort dynamic traffic (also includes some fairness in the sense that each UE down/up-load the same amount of data).
This traffic model is in addition to the full buffer model and VoIP model as already used extensively for LTE Rel’8 evaluations. Despite the simplicity of the full buffer traffic model, it is still considered useful for first LTE-A performance investigations and for comparison against existing LTE Rel’8 results.
As stated in TR 36.913, environments for LTE-A evaluations are primarily expected to follow ITU-R recommendations. Depending on the ITU-R environment suggestions, we recommended to also consider a limited set of special cases with irregular eNode-B (or Home eNode-B) locations in e.g. pico and micro cells. Exact definition is for further study and discussions.
In order to keep the LTE-A system simulation work feasible, it is suggested to allow some flexibility in the selection of exact simulation methodology as long as the overall modeling assumptions are fulfilled. Whether all combinations of traffic models and environments need to be simulated is also suggested to be further discussed. 

Finally it is suggested to allow LTE-A simulations to be conducted at lower bandwidth than 100 MHz, as this is expected to save simulation time and complexity of simulations in general. As a starting point, we suggest to consider 20 MHz for the first LTE-A macro cell simulations.
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