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1. Introduction and Background
In the last RAN4#38, the document [1] provided a higher level overview of several system models including link to system model to be used in dynamic simulations for evaluating E-UTRA RRM requirements. In this document we discuss different methodologies of link to system models that can be specified in the technical report [2] and eventually used for dynamic simulations during the work item phase. 

2. Link to System Interface Modelling
By link to system interface we mean a model that is used in system simulation to map the estimated quality to a certain block error rate for the given modulation and coding scheme. 
In dynamic simulations the link to system interface model should capture the instantaneous channel characteristics in time and frequency in order to obtain more accurate statistics such as achieve bit rate etc. In OFDMA/SC-FDMA system different resource blocks or resource units may exhibit different fading behaviour due to frequency selective characteristics of the radio channel. Due to fast scheduling and link to system adaptation during a TTI the number of resource blocks or resource units allocated to a user may vary considerably. 

In this document we discuss the following two different approaches of using link to system models for the dynamic simulations:

· Statistical link to system model with fixed lookup table
· Instantaneous link to system models
· EESM based link to system model
· Mutual information based link to system model

2.1 Statistical link to system Model with Fixed Lookup

This is the classical approach in which the statistical average estimated channel quality is mapped to a certain bit rate according to a series of well defined lookup tables, which are pre-trained for different modulation and coding scheme (MCS), different channel models, different resource allocation, etc. Though this approach is the most direct way but there are several obvious drawbacks as follows:

· It does not capture the instantaneous channel variations.
· Lots of simulations are needed to train the lookup tables for each MCS, each channel model, etc. The preparation work is extremely time-consuming in order to consider all the scenarios.
· It cannot be vary accurate since the lookup table cannot take all influential factors into account, e.g. the interference variation during one TTI, coding block size, etc. 
2.2 Instantaneous Link to System Model
Instantaneous link to system model is necessary in dynamic simulations to ensure the reliability in system evaluations. Firstly, it can capture the instantaneous link to system quality, consequently can capture the channel variations in both time and frequency domain. In addition, these link-to-system models are also very simple to train and use. This is because they are based on the instantaneous measurements at the receiver, i.e. independent of the statistical channel models and interference variation. 
Among the instantaneous link to system models, two methodologies attracted many attentions recently due to very good accuracy and simplicity. One is the exponential effective-SNR-mapping (EESM) model [3]. Another is the mutual information (MI) based model [4].
2.2.1 EESM based Link to System Model
The EESM provides a way to translate a block of varying channel symbol SNR values to an effective SNR value based on the Chernoff bound, of which the BLER in an AWGN channel is equivalent to that corresponding to the block of varying SNR. The EESM link quality model greatly simplifies the link to system interface to be solely based on the effective SNR metric. 
However, albeit quite general, the EESM still needs to finely tune two adjusting factors jointly: one for different modulation orders and the other for various code rates. In addition, the accuracy of the instantaneous quality estimation by EESM is worse than that by MI-based model. The reference [4] gives the detailed comparison between EESM and MI-based models.
2.2.2 Mutual Information based Link to System Model

The prior arts [3, 5] introduced the effective SINR mapping methodology based on the mutual information equation, which shows better accuracy than EESM. The previous contribution [5] showed that it is highly suitable for OFDMA based dynamic simulations, as well as for the MIMO systems.  To further improve the MI-based model to fit the scenarios with mixed modulation types a new structure is introduced with separated modulation model and coding model [4]. 
The approach taken is to determine the mutual information for the applied modulation alphabet as a function of the signal to interference and noise ratio (SINR) after receiver processing for each resource element. The average of the mutual information is then mapped to a block error probability according to pre-trained codec performance map. 

The methodology of mutual information based link to system interface is briefly stated as follows:
1. The SINR is calculated for all the OFDMA symbols (or simplified to all the resource blocks by assuming similar SINR per resource block), which are used for the transmission of the coded block. 

2. For each OFDMA symbol (or resource block), using the SINR in step 1, the mutual information is calculated for the modulation applied. The mutual information can be obtained using exact mutual information function or a simplified version of it. 
3. The total mutual information over the entire received coded block is collected, and then normalized to per coded bit level. 

4. The aggregate mutual information is then mapped to a block error probability, which in turn is used to generate block errors. The mapping requires the coding lookup table between the normalized mutual information and the block error probability, which was trained for different codecs individually.
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Figure 1: Methodology of Mutual Information based Link to system Model.

The comparison between EESM and MI-based model are elaborated in [4]. The same methodology has also been evaluated in the context of WINNER project [6] in a separate contribution [5]. It has been shown that mutual information based link to system model provides more accurate prediction of the packet error rate in OFDMA systems. This methodology has thus been adopted by the WINNER project [6] to study the radio interface of systems beyond 3G. 
3. Proposal

Our view is that RAN4 uses mutual information based link to system model for the dynamic simulations. This contribution has provided an overview of this methodology. More detail description can follow later if there is an interest in RAN4 in adopting this methodology.  
4. Summary

In this contribution we have compared different link to system interface approaches that can be used for studying E-UTRA RRM requirements. In the statistical model the average channel quality is mapped on a fixed lookup table to generate the block error rate, which seems simpler to understand but is more complex to use. 
Whereas the second approach (instantaneous model) is more accurate and easier to use because the pre-training is independent of the channel scenarios. For the dynamic system simulations, it is necessary to estimate instantaneous link quality to ensure the reliability of system evaluation. Two instantaneous models are introduced, one is EESM based on the Chernoff bound, while another is MI-based model. Referring to the comparison between EESM and MI-based model in the prior arts, MI-based model is more accurate and more suitable to OFDMA and MIMO systems, especially for the mixed-modulation scenarios. OFDMA and the multiple receiver and transmitter antenna systems are the main scenarios for E-UTRA evaluations.
Our preference is that RAN4 chooses mutual information based link to system model for the dynamic simulations for study E-UTRA RRM performance issues.
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