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1 Introduction
There have been several discussions on how to model link level performance to system level simulations. Ericsson has previously presented a Link-2-System mapping method proven to be accurate for modeling MRC and IRC performance for dual antenna diversity. The model can also be applied to other receivers, such as single antenna receiver and SAIC receiver. Due to the complexity of the system modeling in, ‎[1], it has been considered to model SAIC and non-SAIC MS receivers with a modified approach to what was used in ‎[2].
In this contribution a Link-2-System mapping method that can be used to model SAIC and non-SAIC receivers is presented. It is based on the methodology used in the SAIC feasibility study, see ‎[2], and is adopted to the Adaptive symbol constellation concept for MUROS.
2 Methodology

To derive the L2S mapping tables for Adaptive Symbol Constellation the interference is collected burst-wise from a link level simulator and put in bins to get an instantaneous, burst wise C/I mapping to be used in the system simulator. 
In addition to C/I also the D/I is collected. The D/I is defined as the ratio between the strongest co-channel interferer and the rest. The strongest co-channel interferer could either be an external GMSK modulated co-channel or the second, unwanted sub channel.

An MS receiver can experience interference from either GMSK modulated external interference, external MUROS interference and/or the unwanted sub channel from the α-QPSK constellation. The interference from packet data channels are not modeled but if modeled is expected to perform very similar to MUROS modulation.
For each interferer scenario two different mappings are derived:
SAIC

1. The unwanted sub channel is stronger than the strongest external GMSK modulated co-channel interference.

2. External GMSK modulated co-channel interference is stronger than the unwanted sub channel
non-SAIC
1. The unwanted sub channel is stronger than the strongest external interferer.

2. External interference is stronger than the unwanted sub channel.

3 Interference scenarios
Interference scenario MTS-2 has been used for the evaluation. Two different mappings have been used depending on if the external interference is GMSK or QPSK modulated.
NOTE: It has been assumed that all external MUROS interference is QPSK, and not α-QPSK, modulated. This is considered a worst case scenario since the more shifted the QPSK constellation is the more easily can the interference be suppressed by a SAIC receiver.
4 Interference statistics
Interference is collected for each burst, separating each type of interferer. For each burst the C/I and D/I is identified. The C/I is defined as the carrier/sub carrier power-to-total interference ratio while the D/I is defined as the strongest co-channel interferer to the rest of interferers.

5 Adjacent channel interference

When calculating the total interference power there is no distinction of whether the signal is an adjacent channel interferer or co channel interferer.

To get a common measure of the interference power irrespective of the type of interferer the C/I needs to be defined at the receiver front end. There is no impact to co channel interference since it will have the same spectral properties as the carrier signal. However, for adjacent channel interference the interference power at the receiver needs to be assessed. Link level simulations have been used to define corresponding co-channel interference for each level of adjacent channel interference. In the simulations QPSK modulated interference is used in order for the SAIC receiver not to suppress the co channel interferer.
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Figure 1. Performance difference between co channel and adjacent channel interference.

It can be seen that the receiver seems to be able to suppress the adjacent channel interference by approximately 21-22 dB.

For each burst the adjacent channel interference power is mapped to a corresponding co-channel interference power based on the plot above.

6 Mappings
Examples of L2S mappings used in the evaluation are shown in Figure 2 and Figure 3.
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Figure 2. L2S mapping for SAIC receiver. 2nd sub channel stronger than external GMSK co-channel.
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Figure 3. L2S mapping for SAIC receiver. External co-channel interferer stronger than 2nd sub channel.

It can be seen that it is easier for the SAIC receiver to suppress the unwanted sub channel than external co-channel interference. It is clear from both maps that, given a C/I, the higher the D/I the better the performance.
7 Verification

The verification of the mapping has been performed for sub channel power imbalance ratios, SCPIRs, of -8, -4, 0, 4 and 8. Interference scenarios MTS-1 and MTS-2 have been used for the verification. Both SAIC and non-SAIC receivers are verified.
SAIC
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Figure 4. MTS-1. α-QPSK carrier, GMSK interference.
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Figure 5. MTS-1, GMSK carrier, GMSK interference.
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Figure 6. MTS-2, α-QPSK carrier, GMSK interference.

It can be seen that the difference in performance between simulated and verified performance is mostly <0.3 and at the most 0.5 dB (at low raw BER for some scenarios).
[image: image7.png]10

raw BER

10

—S8CPIR:
—S8CPIR:
---SCPIR:
---SCPIR:

SCPIR:

SCPIR:
——8CPIR:
——S8CPIR:
——8CPIR:
——8CPIR:

-8 [dB]
-8 [dB]
-4 [dB]
-4 [dB]
0 [dB]
0 [dB]
4[dB]
4[dB]
8 [dB]
8 [dB]

ver)
sim)
ver)
sim)
ver)
sim)
ver)
sim)
ver)
sim)

(
(
(
(

-10

5 10 15 20
Ci, [dB]




Figure 7. MTS-2, α-QPSK carrier, QPSK interference.
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 Figure 8. MTS-2, GMSK carrier,  strongest co-channel GMSK. Rest of interferers QPSK modulated.
non-SAIC
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Figure 9. MTS-2, α-QPSK carrier. GMSK interference.
8 Discussion

A L2S interface to be used to model legacy MS behavior for the MUROS study item has been presented. Legacy MS in this context includes both non-SAIC and SAIC MS receivers. The methodology is based on the L2S approach used in the SAIC feasibility study, ‎[2]. Two mappings are derived dependent on if the unwanted sub channel or an external GMSK modulated co-channel interferer is the stronger of the two types of interferers.
The mappings have been verified by link simulations for different SCPIRs. Both GMSK modulated and QPSK modulated interference has been used in the verification. Both α-QPSK and legacy GMSK carrier has been verified.
The intention of this document is not to propose a common L2S interface to be used in the MUROS evaluation, but rather show the feasibility of this approach and verify the performance in realistic system scenarios.
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