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L2S mapping method for WIDER
1   Introduction

In GERAN#36, A study item named ‘Optimized Transmit Pulse Shape for Downlink EGPRS2-B’ was approved. Its objective is to further increase the throughput of EGPRS2-B by the introduction of a spectrally wider pulse shape, therefore it is also called WIDER.

In this contribution, A L2S mapping method based on the single interference is described and it is independent of any multiple interference profile. In order to evaluate the contribution of each interference to the total in-band interference, attenuation factors (including ACP factors and CCP factors) are calculated according to raw BER performance curves instead of front-end filter.

Based on this method, performance verification both under the single interference and under the multiple interference is provided.

In the study, the wider pulse shape used is candidate #2 pulse shape proposed in [1].
The penetration of WIDER pulse shape is set to be 100%, only EGPRS2-B services are assumed to be present in the network.
2   L2S mapping based on single interference
In this contribution, a conventional L2S method is used. As we know, it consists of two steps. The first step is mapping from burst in-band CIR to burst raw BER. The second one is mapping from Mean_BER and Cv_BER to BLER. 
After the introduction of WIDER, there are four types of interference, i.e., CCI NB, ACI NB, CCI WB, and ACI WB. For CS receivers, we don’t update any interfaces in our system simulator for the reason of reducing workloads, attenuation factors based on frond-end filter are used to evaluate the impact of the interference from WIDER pulse shape on CS users. For PS receivers, the first stage mapping is made based on the single interference ‘CCI wider’ & WIDER pulse shape after WIDER pulse shape is introduced and the single interference ‘CCI narrow’ & LGMSK pulse shape before WIDER pulse shape is introduced, so the first stage mapping is decouple of any multiple interference profiles. 
The input interface of the first stage mapping is in-band CIRs. In the system simulator, they are calculated by subtracting attenuation factors from out-band CIRs. Generally, attenuation factors include ACP (Adjacent Channel Protection) factors only, but CCP (Co-Channel Protection) factors should be taken into account after introducing WIDER. It is used to evaluate the difference in received power between different pulse shapes in the case of the same transmitted power. For CS receivers, they are calculated based on front-end filter (see section 3.1  ); For PS receivers they are calculated based on CIR vs. RAW BER curves (see section 3.2  ) for each interference type that is present in the network before taking the sum.
For the second stage mapping, the interface is independent of pulse shape and is dependent of MCS type and decoding algorithms.
3   Attenuation factors

3.1   Receiver for CS services
For CS services, we used a conventional receiver of mobile vendors to make L2S mappings, which was present in our system simulator. 

The front-end filter of this receiver is RRC 180 kHz before windowing, roll-off 0.5. It is used to obtain the attenuation factors listed in Table 1 for both pulse shapes, the integral region is from -160 kHz to +160 kHz.
Table 1 Attenuation factors for CS receiver
	Interference
	ACP
	CCP

	LGMSK
	-17.1 dB
	0 dB

	WIDER
	-13.5 dB
	-0.3 dB


The CCP/ACP factors listed above represent the contribution of each interference from either LGMSK pulse shape or WIDER pulse shape to the total in-band interference, we can use these values to calculate the in-band CIRs after the front-end filter.
Note: if attenuation factors are obtained based on some front-end filter, we should use the front filter in the link level simulator, it is not suitable to use LGMSK in all cases to calculate attenuation factors while the L2S mapping interfaces are made using other front-end filter. 

3.2   Receiver for EGPRS2-B services

For the EGPRS2-B receiver, attenuation factors are calculated using CIR vs. RAW BER curves for each interference type. It is expected to provide more accurate L2S mapping interfaces in the case that some whitening algorithm is present in the receiver. 
After WIDER pulse shape is introduced the CIR vs. RAW BER curves used to obtain attenuation factors assumed the WIDER pulse shape and the single interference ‘CCI wider’, other types of interference, i.e., ‘CCI narrow’, ‘ACI narrow’, ‘ACI wider’, are converted to equivalent ‘CCI wider’ with the help of attenuation factors. 
In [2], The CIRs at 10% BER was applied to calculate attenuation factors. Because the BLER value is often above 10% at the CIR satisfying 10% BER, so 10% BER is not suitable to calculate attenuation factors. 10% BLER is considered to be more suitable in this case.
Three typical MCSs, DBS6, DBS9 and DBS12 are chosen to obtain attenuation factors, they are modulated by QPSK, 16QAM, 32QAM, respectively. The CIR values at BLER=10% can be read from their BLER vs. CIR curves, based on these CIRs, the performance gaps between the interference ‘CCI wider’ and other three interference type can be seen from their CIR vs. RAW BER curves. Table 2 lists attenuation factors for each modulation and the other three interference types when carrier assumes WIDER pulse shape.
Table 2 attenuation factors for each modulation and the other three interference types (carrier = WIDER pulse shape)
	Carrier=WIDER
	QPSK
	16QAM
	32QAM

	CCI NB
	-1.4
	-1.1
	-0.7

	ACI NB
	-17.0
	-13.5
	-11.1

	ACI WB
	-11.7
	-9.0
	-7.4


Before WIDER pulse shape is introduced, there are only two types of interference in the network, i.e., ‘CCI narrow’ and ‘ACI narrow’. The method to calculate attenuation factors are the same as above one applying to WIDER pulse shape. Table 3 shows the attenuation factors for each modulation and the other interference type ‘ACI narrow’ when carrier assumes LGMSK pulse shape. 
Table 3 attenuation factors for each modulation and the other interference type (carrier = LGMSK pulse shape)
	Carrier= LGMSK
	QPSK
	16QAM
	32QAM

	ACI NB
	-20.2
	-15.0
	-8.5


4   Performance verification
4.1   Link level simulation assumptions

Table 4 Link level simulation assumptions.
	Parameter
	Value

	Channel profile
	Typical Urban (TU)

	Terminal speed
	50 km/h

	Frequency band
	900 MHz

	MCS
	DBS5-12 for single interference profile

DBS6/9/12 for multiple interference profile

	Frequency hopping
	no

	Interference
	‘CCI wider’ for single interference profile

Scenario A/C for multiple interference profile (see [3] and the note below)

	Modulation backoff
	None

	Antenna diversity
	No

	Equalizer
	RSSE

	Tx pulse shape
	Wide: WIDER candidate #2(see [1])

	Rx filter
	RRC 300kHz before windowing, roll-off 0.3

	Tx/Rx impairments
	disabled

	Simulation length
	10000 blocks per simulation point


Note: verified performances are given below for scenario A/C only as two examples. 
4.2   Single interference profile

4.2.1   Legend description

DBSN_LLS (N=5, 6, and 7…12): simulation results for DBS5-12 obtained from link level simulator.

DBSN_Modeling (N=5, 6, and 7…12): simulation results for DBS5-12 after applying L2S mapping interfaces.
4.2.2   Simulation results
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Figure 1 DBS5-12 BLER performance for WIDER pulse shape under the single interference ‘CCI wider’
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Figure 2 DBS5-12 BLER performance for LGMSK pulse shape under the single interference ‘CCI narrow’
It can be seen from above graphs that the verified performance for each MCS are aligned well with the corresponding performance obtained from link level simulator, except in the case of DBS11 and DBS12, and the modeling errors are thought to be acceptable.
4.3   Multiple interference profile
As mentioned above, the L2S mapping interfaces are made based on the single interference. It’s necessary to verify the effectiveness of this method on multiple interference profile, they are described below.

4.3.1   Legend description
DBSN_IcW(N=6,9,12)： simulation results for DBS6/9/12 when carrier assumes WIDER pulse shape and the single interference from ‘CCI wider’ is present；

DBSN_IcN(N=6,9,12)： simulation results for DBS6/9/12 when carrier assumes LGMSK pulse shape and the single interference from ‘CCI narrow’ is present；
DBSN_ScenarioX(N=6,9,12, X=A/C)： simulation results for DBS6/9/12 when the multiple interference scenario X(X= A/C) is present；

DBSN_ScenarioX_normalized(N=6,9,12, X=A/C)：Simulation results for DBS6/9/12 when the multiple interference scenario X(X= A/C) is normalized to the single interference from ‘CCI wider’ (normalization method is described in section 4.3.3  ).
4.3.2   Simulation results

4.3.2.1   Carrier assumes WIDER pulse shape
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Figure 3 DBS6/9/12 BLER performance for WIDER pulse shape in scenario A
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Figure 4 DBS6/9/12 BLER performance for WIDER pulse shape in scenario C

4.3.2.2   Carrier assumes LGMSK pulse shape
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Figure 5 DBS6/9/12 BLER performance for LGMSK pulse shape under scenario A
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Figure 6 DBS6/9/12 BLER performance for LGMSK pulse shape under scenario C
It can be seen from above graphs that if we assume the L2S mapping interfaces are ideal, namely, there are no modelling error between the verified performances, the respective link level performances under single interference and normalized performances are still more or less different under multiple interference profiles (it has the gap of at least less than 0.5dB and at most 3dB).  
In the next subsection, how to normalize the performance from the multiple interference profile (scenario A, B, C,D) to the single interference (‘CCI wider’ for WIDER pulse shape) is described. The same method can be applied to normalize the performance from the multiple interference profile (scenario A, B, C, D) to a single interference (‘CCI narrow’ for LGMSK pulse shape)
4.3.3   Normalization method

From Figure 3 to Figure 6, performance curves whose legends end with ‘CCI_WB’ are obtained assuming single interference ‘CCI wider’ and the I1 of the X axis C/I1 represents single-interference ‘CCI wider’, while performance curves whose legends end with ‘ScenarioX’ (X= A/B/C/D) are obtained assuming multiple interference (scenario A, B, C, D) and the I1 of the X axis C/I1 represents co-channel dominant interference ‘CCI NB’ (see Table 5 as an example, all types of interference power level is relative to ‘CCI NB’). In order to compare them, multiple interference must be normalized to single interference at first.

The normalization method is given below. We assume the interference profile is ‘scenario A’ (see Table 5) and the chosen MCS is DBS12. 
Table 5 Interference profile for Scenario A (wide pulse shape, see [3]).
	Interfering Signal
	Interferer relative power level

	IcN
	0

	IaN
	5

	IcW
	-15

	IaW
	-8

	restIcN
	-7

	restIaN
	-6

	restIcW
	-25

	restIaW
	-26


After attenuation factors listed in Table 2 are applied to each interference type in Table 5, we obtain Table 6.

Table 6 Normalized interference profile for Scenario A (wide pulse shape)
	Interfering Signal
	Interferer relative power level

	IcN
	0+(-0.7)=-0.7

	IaN
	5+(-11.1)=-6.1

	IcW
	-15+0=-15

	IaW
	-8+(-7.4)=-15.4

	restIcN
	-7+(-0.7)=-7.7

	restIaN
	-6+(-11.1)=-17.1

	restIcW
	-25+0=-25

	restIaW
	-26+(-11.1)=-37.1


Assume both ‘IcW’ and ‘IcW_normalized’ represent normalized interference; they are defined in dB domain and linear domain, respectively. According to Table 6, ‘IcW_normalized’ can be written as below:


[image: image7.wmf]10

IcN

10

37.1

-

IcN

10

25

-

IcN

10

17.1

-

IcN

10

7.7

-

IcN

10

15.4

-

IcN

10

15

-

IcN

10

6.1

-

IcN

10

0.7

-

IcN

10

*

35

.

1

10

10

10

10

10

10

10

10

ized

IcW_normal

=

+

+

+

+

+

+

+

=


Then

[image: image8.wmf]30

.

1

IcN

)

10

*

35

.

1

log10(

*

10

)

normalized

log10(IcW_

*

10

IcW

10

IcN

+

=

=

=


and


[image: image9.wmf]30

.

1

/

/

-

=

IcN

C

IcW

C


The performance curve after normalizing from multiple interference to single interference ‘CCI wider’ (which legend is ‘DBS12_sceanraioA_normalized’ in Figure 3) can be obtained by left shifting 1.3dB of the performance curve when multiple interference profile is ‘scenario A’ (which legend is ‘DBS12_sceanraioA’ in Figure 3). We expect ‘DBS12_CCI_WB’ is equivalent to ‘DBS12_sceanraioA_normalized’, but it can be seen from Figure 3 that the former is about 2.2 better than the latter at 10% BLER. 


A CIR adjusting factor can be used to compensate this error if we consider a static ‘scenario A’ only. Because different interference profile has different link level performance generally, different CIR adjusting factors should be introduced additionally for each interference profile, which are shown in Table 7 and Table 8 when carrier assumes WIDER pulse shape and LGMSK pulse shape, respectively.

Table 7 Adjusting factors for each modulation and each interference profile (carrier = WIDER pulse shape)
	Carrier = WIDER
	Scenario A
	Scenario B
	Scenario C
	Scenario D

	QPSK
	-3.1
	-1.9
	-2.3
	-1.9

	16QAM
	-2.8
	-1.7
	-2.2
	-2.8

	32QAM
	-2.2
	-1.6
	-1.8
	-2.3


Table 8 Adjusting factors for each modulation and each interference profile (carrier = LGMSK pulse shape)
	Carrier = LGMSK
	Scenario A
	Scenario B
	Scenario C
	Scenario D

	QPSK
	-1.8
	-1.1
	-1.8
	-1.9

	16QAM
	-2.1
	-1.0
	-2.0
	-2.2

	32QAM
	-0.3
	-0.3
	-0.4
	-0.4


5   Discussion

For the first stage, the mapping curve from in-band burst C/I to burst BER is obtained with the single interference ‘wider CCI’ after WIDER pulse shape is introduced and ‘CCI narrow’ before WIDER pulse shape is introduced, it is not dependent of any multiple interference scenario, and the attenuation factors which are obtained from the single CCI/ACI is used to model the link performance of other types of single interference. For single interference (‘CCI wider’, ‘CCI narrow’, ‘ACI narrow’ and ‘ACI wider’) this method can get accurate result with the help of attenuation factors. 
For multiple interference scenarios, other types of interference are converted to the single interference ‘CCI wider’ after introducing WIDER pulse shape and ‘CCI narrow’ before introducing WIDER pulse shape using attenuation factors mentioned above, then the total equivalent ‘CCI wider’ or ‘CCI narrow’ can be obtained, at last we use the in-band burst C/I to consult the first stage mapping curve generated under the single interference, and this will cause errors under the multiple interference profiles. We think the errors are difficult to correct without additional CIR adjusting factors. 
6   Conclusion
We make the L2S mapping interfaces based on the single interference ‘CCI wider’ after WIDER pulse shape is introduced and ‘CCI narrow’ before WIDER pulse shape is introduced. In order to evaluate the contribution of each interference to the total in-band interference, attenuation factors (including ACP factors and CCP factors) are calculated according to performance curves instead of front-end filter. This method is considered to be more accurate when some whitening operation is present in the receiver. 
It can be seen from the verified performances, for the single interference this method hasn’t modeling errors (except in the case of DBS11 and DBS12), for the multiple interference profile, it’s necessary to introduce additional CIR adjusting factors for more accurate modeling.
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