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Link-to-System mapping method for MUROS and WIDER
This contribution includes all parts from AHG1-080018, presented at the AdHoc on EGPRS2/WIDER/MUROS/MCBTS. In addition, an example is presented in ‎Annex A, where the Link-to-System mapping has been applied in the WIDER study item.
1 Introduction

Extensive system simulations are expected in order to be able to complete the two study items on MUROS and WIDER. Several companies are expected to perform system simulations in a wide range of system setups. To be able to draw any distinct conclusions from these system simulations it is important that they are performed in a similar/uniformed way. At the same time it is important that each participant has the freedom of selecting vendor specific parameters, such as the specific receiver structure. 

For WIDER, the current view is to create Link-to-System mappings based on interference profiles from system simulations (In the MUROS case it is not decided how to perform the mapping.). Exactly how this should be performed is currently unclear. The problem is that the interferer profiles collected from the system simulations might dependent on the Link-to-System mapping.
We would like to present a way to create Link-to-System mappings based on link simulations only. From a set of carrier/interferer types present in the respective MUROS, WIDER scenario, a mapping to the expected raw bit error rate from the instantaneous carrier to interferer ratio (C/I) and/or the carrier to noise ratio (SNR) can be build.
The presented Link-to-System mapping is not claimed to be the optimal way in any sense. The important contribution is that it is possible to build a system independent Link-to-System mapping. Further, the presented Link-to-System mapping involves several tuning parameters, it is important that the resulting mapping is verified against a set of typical link-interference scenarios.
The main advantage is that this allows the Link-to-System mapping to be independent from the System scenario, e.g. different frequency reuse, and hence, can be used for all Systems scenarios using the same set of carrier/interferer types.
2 Link-to-System Mapping
The mapping is performed on burst by burst basis based on modeled received signals strengths of the carrier and interferers. In the following sections the mapping from the signal strengths to the expected raw bit error rate is described step by step. The mapping procedure for three types of receivers, Single antenna, maximum ration combining (MRC) and interference rejection combining (IRC), are described below. The described method for IRC is expected to be applicable for a SAIC receiver as well. The mapping is summarized in the Figure 1 to Figure 4.
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Figure 1: Mapping from burst signal strength to initial C/I.
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Figure 2: Modify the initial C/I using correction tables.

[image: image3]
Figure 3: If necessary, penalize the performance based on the mix of co-and adj-channel interferers. Results in an effective C/I.

[image: image4]
Figure 4: Map effective C/I onto an expected rawBER
2.1 Initial Effective Carrier to Interference Ratio

The received carrier strength is stored in the variable C. In general C is a BxB matrix where B is the number of signal branches.
The received interferers are grouped together based on the type of interferer. Co-channel and Adjacent-channel interference is treated separately, and based on which scenario different modulations may also be treated separately. An example of different types of interferers is listed in Table 1. The interference strengths are collected in the variables Qt,i, where t is the type given in Table 1, and i=1,…,Iα, and Iα is the total number of interferers of type t. (Here the Qs may be matrixes as well.)
Table 1: Example of Interferer types
	
	Ch-channel
	Adj-channel

	GMSK
	cg
	ag

	MUROS
	cM
	aM

	8PSK
	c8
	a8

	16QAM
	c16
	a16


If a noise limited scenario is to be simulated then the received noise is described in the variable QN0. (In the multiple signal branch case this is expected to be diagonal.)
If a multi-antenna receiver is to be modeled, the covariance matrices above can be modeled using the received power in each branch and a cross-correlation factor ρ.
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The magnitude of ρ can be fixed to a number suitable for the current antenna setup. In case of a frequency hopping system, the argument of ρ can be random from burst to burst.

The total interference is then calculated for each type separately,
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The total interference covariance matrix is given by,
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2.1.1 Single Antenna

The initial effective carrier to interference ratio is given by,
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2.1.2  MRC
The initial effective carrier to interference ratio is given by,


[image: image9.wmf]22

22

11

11

0

Q

C

Q

C

I

C

+

=

÷

ø

ö

ç

è

æ


2.1.3 IRC
Here IRC is defined as a receiver utilizing Spatial Noise Decorrelation (SND). SND is performed by multiplying the input signals with a matrix L, where L is square root to the inverse of Q, such that,
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denotes complex conjugate and transpose. Note, there exist several roots satisfying the equation above. Throughout this document the following root is selected.
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where 
[image: image13.wmf])

det(
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denote the determinant. When performing SND the input signal is multiplied with L, making the total interference covariance matrix equal to the identity, and the carrier covariance matrix equal to LCLH. The initial effective carrier to interference ration is then given by,
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where 
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denotes the trace operator.
2.2 Correction Tables
This section describe the mapping from the initial effective carrier to interference ratio to the modified initial effective carrier to interference ratio,
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The mapping is based on tables, calculated from link level simulations. The individual tables map the “initial effective C/I” (C/I)0 to a correction factor f<type> for each type of interferer. Construction of such tables is discussed below. Each correction factor is given a weight αt related to the fraction of that type of interference.
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This mapping is given in linear scale, not in dB. The fractions αt are calculated as the ratio of a specific type of interference to the total interference. The fractions are calculated differently depending of a receiver, single antenna or diversity receiver using MRC or IRC. See below.
The modified initial C/I is then converted to dB scale,
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2.2.1 Interference Fractions for Single Antenna

Given the total interference Q, and the interference contribution from each type Qt, the interference fractions are given as,
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2.2.2 Interference Fractions using MRC

Given the carrier strength C, and the interference contribution from each type Q, the interference fractions are given as,
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2.2.3 Interference Fractions using IRC

Given the carrier strength C, after the SND, the carrier covariance matrix is given by LCLH. The resulting power in each signal branch is given by,
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Similar, the power of a specific interference type in the respective signal branch becomes,
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The resulting fractions become:
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2.3 Penalty in presence of mixed interference
From empirical studies it was found that the Link-to-System mapping over estimated the performance in scenarios with both co-channel and adj-channel interference present. If any type of temporal whitening is performed in the receiver it is difficult to suppress both co-channel and adj-channel at the same time. This behavior can be described quite well with this extra penalty term.

First define the amount of co-/adj-channel ratio, and the ratio of thermal noise.
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Using γN0 and γc the penalty term is given as,
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where βc and βN0 is a receiver dependent design parameter. The selection of βc and βN0 is briefly described below.
2.4 Methodology to find Correction Tables and Penalty Term

The correction factors f<type> are dependent on the carrier modulation, and the interferer type. Also, the correction table may be different if only a single interferer is present. For good agreement in the single interferer case, separate correction tables should be created for a single interferer and multiple interferers, respectively. The factors are found by inverse mapping the average rawBER for each instantaneous 
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 found from section 2.5.
1. Calculate the 
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 for each burst, according to section ‎2.1.
2. Group the 
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 in bins. Typical 1dB wide.

3. Calculate the average rawBER in each bin.

4. Find the 
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 that corresponds to the average rawBER, for each bin.

5. 
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The correction tables for single interferer cases are created from link simulations using a single interferer setup, one table for each interferer type. The correction tables for multiple interferers are created from link simulations with multiple interferers, of the same type, one table for each type. Here, multiple are interpreted as more than 2. 
The correction tables can be verified using link simulations of various scenarios using multiple interferers. Eventually, the correction tables have to be fine tuned to get a good fit.
For scenarios with mixed, co-channel and adj-channel interferers, as well as a significant N0 term, the penalty terms βc and βN0 can be adjusted, if necessary.

2.5 Mapping from 
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to raw Bir Error Rate (rawBER)

The mapping from 
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to rawBER depends on the modulation of the carrier. The mapping is defined as the expected performance of a single branch receiver. By logging instantaneous 
[image: image35.wmf]÷

ø

ö

ç

è

æ

I

C

 and rawBER, for each burst, it is possible to build a mapping for each modulation. 

1. Group the bursts in bins, based on the instantaneous
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2. For each bin, calculate the average rawBER.

This will generate a mapping from 
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 for each center position of the bin. For values in-between the bins, log-linear interpolation can be used. Extrapolation can be used for values outside the mapping. Care must be taken such that 0 < rawBER 0.5, is fulfilled.

3 Example: Verification against Link-Simulations
Here is an example where the above described mapping is verified against a Link-Simulator. A MRC receiver was used and the mapping was verified against a multi interferer scenario setup according to:

	Interferer
	Relative Power [dB] in Air
	Tx-Pulse

	GMSK, ch-channel
	0
	

	GMSK, adj-channel
	8
	

	2x 16QAM, co-channel
	0, -10
	RRC 240 kHz, 0.3

	2x 16QAM, adj-channel
	8,8
	RRC 240 kHz, 0.3


The average rawBER from link simulations was then compared with the average rawBER using the Link-to-System mapping, Figure 5. It can be seen that the Link-to-System mapping have a good agreement with the Link-simulation for rawBER levels down to 10-4. Below that level, the Link-to-System mapping will underestimate the performance somewhat.
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Figure 5: Comparison of Link-to-System mapping and Link level simulation.

For the mapping to work well it is important that it is verified against a set of typical interferer scenarios that may occur in the considered system scenario. Preferably such verifications are presented together with the results from a system study.
The method has also been used to verify link performance, with good correspondence, in single interferer scenarios as well as dual antenna scenarios utilizing IRC.

4 Conclusion
Using the described method it is possible to create a Link-to-System mapping from link level simulations that simulates the receiver performance in a wide rang of interferer scenarios. The resulting mapping can then be used in system scenarios with different interferer profiles, as long as the interferer types remain the same.
The Link-to-System mapping is only dependent on the carrier and the different interferer types.
Annex A Link-to-System mapping applied to WIDER
In this section the use of the presented Link-to-System mapping applied in the WIDER study item is discussed. An example is presented in Figure 6.

· First a mapping for each receiver model is created. It is important that the mapping shall be valid for a wide range of single- and multi-interferer scenarios, where the considered candidate pulse is used by both carrier and interferer. Hence, there will be one mapping for each receiver model and candidate pulse. However, this mapping can be build without taking the network configuration into account.
· Captured in the Link-to-System mapping is the average burst performance at an instantaneous C/I level. These mapping can be used by a system simulator to simulate different network configurations.

[image: image39]
Figure 6: Overview, Link-to-System mapping applied to WIDER
· When building the Link-to-System mapping the true interferer profile is not known. Therefore, a second verification of the mapping using a typical scenario identified from the system simulations is needed in order to validate the deliverables.
· The deliverables from the system simulation can directly be used to verify the impact on legacy systems and as a benchmark for the candidate pulse. Here, verification criteria and benchmark metric is left for further studies.[image: image40.emf] 
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