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L2S Mapping Method and Verification for MUROS
1 Introduction

A CR to TR about L2S mapping method [1] was present in last GERAN meeting and agreed with editor’s notes. In the editor’s notes, both the descriptions of interference profile used in the mapping and the influence of SCPIR to ACP factors need to be elaborated. Besides, the results of the verification also need to be improved.
In the contribution, the influence of SCPIR to ACP is further researched. An improved L2S mapping method is proposed with verification.

2 Research on ACP and L2S mapping Methodology

In our research, ACP is determined by many factors. The most significant one is CAR, which stands for the power ratio of carrier signal to the total power of all adjacent channel interference. Besides, SCPIR and external interference factor also have influence on ACP. Corresponding simulations have been summarized.

(The simulation assumptions in this section refer to Table 1)
Table 1 Simulation Assumptions
	Parameter
	Value

	Channel profile
	Typical Urban (TU)

	Terminal speed
	50 km/h

	Frequency band
	900 MHz

	Frequency hopping
	Ideal

	TSC number
	5

	Speech codec
	HR

	Interference modulation
	GMSK

	Receiver type
	SAIC Receiver [2]

	Frequency offset of external interferers
	N(50 Hz, 17 Hz)

	External interference signal TSC
	pseudo random bits


2.1 SCPIR factor
The two curves in Figure 1 separately indicate the raw BER of single ACI and single CCI scenarios, when SCPIR approaches +∞.

The two curves in Figure 2 separately indicate the raw BER of single ACI and single CCI scenarios, when SCPIR equals to 0.
	Figure 1 
	Figure 2 
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In the simulation, different SCPIR is used while other input parameters remain the same. In figure 1, ACP varies from 20 to 24dB; In Figure 2, its range has changed to 8~22dB. In that case, we believe SCPIR should be considered in the evaluation of ACP
2.2 External interference factor
In Figure 3, an extra CCI, 8dB less than the Isingle(single external interference) in Figure 1, is introduced.

In Figure 4, an extra CCI, 8dB greater than the Isingle(single external interference) in Figure 1, is introduced.
	Figure 3 
	Figure 4 
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In the simulation, extra co-channel interference is involved while other input parameters remain the same as figure 1 in part 2.1. ACP is around 9dB in Figure 3 and around 3dB in Figure 4. The scenario showed in figure 1 could be treated as the case that extra CCI is far more less than Isingle. 
2.3 Multiple ACIs
In Figure 5, one curve is with single ACI（ACI0）. The other is with multi ACIs (ACI1, ACI2, ACI3). The power relation satisfies：PACI0 = PACI1+PACI2+PACI3;  PACI1=PACI2=PACI3.

	Figure 5 
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According to the simulation result, the curve with single ACI is almost the same as the one with multi ACIs..
2.4 Discussion
With the simulation results, the following conclusions have been achieved.

· The influence of SCPIR to ACP can be considered as the influence from internal interference. So ACP is not only affected by the power of VAMOS carrier, but also determined by the set of external and internal interference.

· ACI could affect link level performance, however, such influence is not related (or has very little relationship) with its number. So in further simulation process, muti-ACI can be combined to one ACI for simplicity.

Considering ACP is affected by many factors, the methodology using CAR for ACP mapping in [1] is not enough. This paper improved the three-dimension methodology in [1]. ACI factor is extracted from CIR and DIR. A new dimension, CAR, the ratio between VAMOS carrier and total power of adjacent channel interference, is added in the L2S mapping.
3 Methodology
3.1 4D L2S Mapping
In the 4D L2S approach, the mapping tables are calculated using CIR, DIR, SCPIR and CAR as inputs, and two types of mapping table are generated with link level simulation: (CIR，DIR, SCPIR,CAR) -> BER and (AVG_BEP, STD_BEP) -> FEP. So that the effects from external CCI, ACI and co-VAMOS channel interference could be well emulated.
CIR, defined as the ratio between the power of VAMOS carrier and the total power of all external CCIs, varies from -16 dB to 32 dB, with step of 2 dB. For value between will be linear interpolated. 

DIR, defined as the power ratio between the strongest external CCI and the rest of the CCIs, varies from -4 dB to 24 dB, with step of 4 dB. For value between will be linear interpolated. In our research, the system performance does not have any significant difference when DIR is less than -4dB. For instance, the gap between the curve DIR=-4 and DIR=-8 is less than 0.4dB. Meanwhile, DIR=-8 means the total power of rest CCIs is about six times of the dominant CCI, which is a very rare case in real network.
SCPIR, defined as the power ratio between paired VAMOS sub-channels, varies within [-4, 0, 4, +∞] dB for VAMOS I type MS (+∞ represents GMSK modulation). For value between will be linear interpolated.

CAR, defined as the ratio between the power of VAMOS carrier and the total power of all external ACIs, varies from -32 dB to 32 dB, with step of 2 dB. For value between will be linear interpolated.
STD-BEP defined the standard deviation of BER over a speech frame. [3]
AVG-BEP defined the mean of BER over a speech frame. [3]

3.2 External Interference Profile
In previous 3D Mapping Methodology [1], three external interferences were introduced to generate the mapping table, two CCI and one ACI. In system simulation, except the dominant CCI, all the rest CCIs are equivalent to one CCI. The DIR dimension does not have negative value. However, in real network, the number of CCIs is normally larger than two, with multiple modulation type and dynamic power distribution. The simplicity of external CCIs in [1] may bring unacceptable gap in some scenario, especially when DIR has negative value.

In the simulation, carrier signal is GMSK modulation type. In case one, there are two external CCIs using the same modulation type. In case two, 15 external CCIs are introduced. The profile of the rest are all randomly generated, both for modulation type and power distribution.
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Figure 6：Dominant CCI Modulation Type: GMSK

[image: image7.png]rawBER

10"

107

——2CCls.DIR="3(dB)
——2CClsDIR=0(dB)
—+—2CCls.DIR=5(dB)
L| —— 2 ccis. DIR=10(dB)

QPO D





Figure 7：Dominant CCI Modulation Type: QPSK

According to the two figures above, when the dominant CCI is in GMSK modulation type, the curve of two CCIs scenario has a maximum gap up to 1 dB, compared with the curve of multi-CCI scenario.

In this contribution, the number of external CCIs is set to 15. Except the dominant CCI, the rest CCIs are all using random modulation type and random power distribution. For the VAMOS network, it is a more realistic model than previous two CCIs methodology. For the non-VAMOS network, it can be treated as a pessimistic scenario.

4 Simulation 

Table 1 gives the simulation assumption in link level simulator.

Table 2 Simulation Assumptions

	Parameter
	Value

	Channel profile
	Typical Urban (TU)

	Terminal speed
	50 km/h

	Frequency band
	900 MHz

	Frequency hopping
	Ideal

	TSC number
	5

	Speech codec
	HR

	Carrier modulation
	α-QPSK (-4dB, 0dB, 4dB)
GMSK

	Interference scenario
	MTS-1

MTS-2

	Interference modulation
	QPSK
GMSK

	Receiver type
	SAIC Receiver [2]

	Frequency offset of external interferers
	N(50 Hz, 17 Hz)

	External interference signal TSC
	pseudo random bits


Figure 8 and Figure 9 are two sets of mapping tables for (CIR, DIR, SCPIR, CAR) -> BER, which are different from each other in dominating interfering signal modulation.
	Figure 8 Mappings for Interf. Mod. = GMSK,  Raw BER
	Figure 9 Mappings for Interf. Mod. = QPSK,  Raw BER
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5 Verification
Verification is performed under 8 test cases according to different combination of signal modulation types of both wanted signal and external interfering signal, summarized in table 3. Verification results are summarized in figure 10 to 17.
Table 3 Test Cases Collection

	Test Cases
	Interf. Scenario
	Modulation of wanted signal
	Modulation of External Interf. signal

	case 1
	MTS-1
	GMSK
	GMSK

	case 2
	MTS-1
	GMSK
	QPSK

	case 3
	MTS-1
	α-QPSK
	GMSK

	case 4
	MTS-1
	α-QPSK
	QPSK

	case 5
	MTS-2
	GMSK
	GMSK

	case 6
	MTS-2
	GMSK
	QPSK

	case 7
	MTS-2
	α-QPSK
	GMSK

	case 8
	MTS-2
	α-QPSK
	QPSK
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	Figure 10 Case 1
	Figure 11 Case 2
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	Figure 12 Case 3
	Figure 13 Case 4
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	Figure 14 Case 5
	Figure 15 Case 6
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	Figure 16 Case 7
	Figure 17 Case 8


6 Conclusion

The four-dimension Link to System mapping method presented in this paper has been verified for interference scenarios MTS-1 and MTS-2. The performance seems to be in line with the link level simulation experiencing difference in less than 0.1 dB for most cases. In a few scenarios, an up to 0.3 dB difference in performance is also observed.
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