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Modelling methodology for VAMOS type I receiver
1. Introduction

One of the stated objectives in relation to the MUROS study item [1] is the investigation into the performance of an optimised pulse shape on the downlink.

In this contribution, the methodology used for the evaluation of an optimised pulse shape for the VAMOS type I receiver is described.

The contribution provides a clarification on the interference model used and in particular, the modelling of interference originating both from paired users in the network (using QPSK modulation and potentially an optimised pulse shape) and non-paired users (using GMSK modulation).
The contribution also provides a clarification on the link to system model used for the VAMOS type I receiver, where the receiver’s ability to cope with the different types of interference mentioned above needs to be characterised. 
These aspects were seen as needing to be clarified before it would be possible to conclude on the introduction of an optimised pulse [2].
Section 2 describes the characteristics of the optimized transmit pulse shape that are considered in the investigation, Section 3 describes the modelling methodology that is used for the link to system interface, Section 4 describes the link to system interfaces that are used in the investigation and Section 5 provide link to system interface verification results. 
This contribution is a revision of AHG1-090077 with an updated Section ‎3.2 and new sections in Sections ‎4 and Section ‎5.
2. Characteristics OF THE OPTIMIZED TX PULSE SHAPE
System performance shall be investigated in case of adoption of different transmit pulse shapes than the linearized GMSK legacy pulse shape on DL. Two candidate TX pulse shapes are considered and the utilization of the optimized transmit pulse shape is assumed when both users are active in both sub channels. In case of 

· non-OSC channels or 

· if only one user is temporarily active in an OSC channel (i.e. paired user has terminated the call or is in DTX mode), 

the legacy GMSK pulse shape is assumed on the DL. On UL the legacy GMSK pulse shape is always in use.
2.1 Investigated Candidate TX Pulse Shapes
2.1.1  Candidate Pulse Shape 1
First investigated pulse shape called here “OPT 1” was a RRC pulse shape with 240 kHz 3 dB bandwidth, rolloff 0.3 and Hanning windowed. Filter length was equivalent to 5 symbols. The pulse shape is depicted in the frequency domain in Figure 1.
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Figure 1: Spectral power density of candidate pulse shape OPT 1.
The filter coefficients of the candidate pulse shape OPT 1 are listed in Annex 1.

2.1.2 Candidate Pulse Shape 2

The investigated candidate pulse shape 2 is a synthetic pulse shape called here “OPT 2” that has a narrower shape than candidate pulse shape 1. The pulse shape is depicted in the frequency domain in Figure 2 .
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Figure 2: Spectral power density of candidate pulse shape OPT 2.
The filter coefficients of candidate pulse OPT 2 are listed in Annex 2.

3. L2S Modelling Methodology
3.1 Interference profile

The interference profile in MUROS is MTS-2, consists of two co-channel interferers and a single adjacent channel interferer, whose relatve levels are given in Table 1.
Table 1. MTS-2 interference profile.
	Interfering Signal
	Interferer relative power level

	Co-channel 1
	0 dB

	Co-channel 2
	-10 dB

	Adjacent 1
	3 dB

	AWGN
	-6 dB


To model the GMSK interference coming from and non-paired users (and dummy bursts in case of BCCH carrier) and the QPSK interference coming from the paired users, each interferer in MTS-2 has been split between GMSK and QPSK. The proportions of this split were calculated as follows.
First the probability that a user is active is calculated for a DTX model with a voice activity factor of 0.6 [3GPP TS 45.914] as Pα = 0.6 + 0.4*12/104 = 0.65 (taking into account also 12 SID frames in a SACCH multiframe). The probability of the different DTX states of a paired user can next be calculated as in Table 2.
Table 2. Probability calculations of the different DTX states for a paired user.

	
	Probability of modulation scheme

	Both sub-channels are active (QPSK)
	P1 = Pα*Pα = 0.42

	Neither sub-channel is active (no interference)
	P2 = (1-Pα)*(1-Pα) = 0.125

	Only one sub-channel is active (GMSK)
	P3 = 1-P1-P2 = 0.455


The proportion of QPSK interference will be P1 * the propotion of paired users in the network, while the proportion of GMSK interference on the TCH layer will be P3 * the propotion of paired users + Pα * the propotion of non-paired users. On the BCCH layer, to take into account GMSK modulated dummy bursts, the proportion of GMSK interference will be 1 - P1 * the propotion of paired users in the network.
The proportions of paired and non-paired users have been obtained from previous system simulations [3] and are shown in Table 3.
Table 3. Proportion of paired users to non-paired users.
	Network / codec configuration
	Proportion of paired to non-paired users

	MUROS 1 – A1
	18 %

	MUROS 1 – D1
	11 %

	MUROS 2 – A1
	38 %

	MUROS 2 – D1
	26 %


The level of QPSK relative to GMSK can thus be calculated and are shown in Table 4 for each network/codec configuration.

Table 4. Level of QPSK modulated interference (relative to GMSK).

	Scenario
	M1 – A1
	M1 – D1
	M2 – A1
	M2 – D1

	TCH
	-9 dB
	-11 dB
	-6 dB
	-7 dB

	BCCH
	-11 dB
	-13 dB
	-7 dB
	-9 dB


To maintain an acceptable the level of modelling, the same mapping is used for each of the network/codec configurations. From the point of view of the interference profile for the pulse shape evaluation, the worse case would be that corresponding to M2-A1 (TCH) where the proportion of QPSK interference is the highest (i.e. only 6 dB lower than GMSK interference). This was the mapping that was used when simulating all the network/codec configurations. The interference profile corresponding to M2-A1 (TCH) is shown in Table 5.
Table 5. Interference profile for GMSK and QPSK modulated interference.

	Interfering Signal
	Interferer relative power level

	Co-channel 1 (GMSK)
	0 dB

	Co-channel 2 (GMSK)
	-10 dB

	Adjacent 1 (GMSK)
	3 dB

	Co-channel 1 (QPSK)
	-6 dB

	Co-channel 2 (QPSK)
	-16 dB

	Adjacent 1 (QPSK)
	-3 dB

	AWGN
	-17 dB


3.2 Apparent power in the receiver 

The total interferer power in a conventional legacy receiver can be obtained by applying an attenuation factor to the adjacent channel interferers prior to a summing operation over all of the interferers. In this case the attenuation factors would be representative of that provided by the front-end filter (e.g. 18 dB). This is the interferer power that contributes to the raw BER performance of the receiver, and will be referred to hereafter as the apparent power in the receiver.
When a receiver uses advanced interference processing (e.g. whitening or SAIC), then the same approach can be applied but in a more general way, by applying a weighting for each type of interference, where the weighting is obtained from the raw BER performance of each type of interferer. Separate factors are needed if the types of interferer are suppressed by different amounts E.g. separate factors might be needed depending on:

· the modulation of the carrier

· the modulation of the interferer

· the pulse shape of the carrier

· the pulse shape of the interferer

· the interferer frequency offset (CCI or ACI)

Table 6 shows the raw BER factors that have been obtained for a VAMOS I receiver. They are the 6 % raw BER points in the raw BER curves shown in Figure 1 and Figure 2 (the 6 % raw BER figure was verified as being in the vicinity of the 1 % FER point for an AFS12.2 codec). 
Table 6. Raw BER factors obtained for a VAMOS type I receiver.

	paired user=LGMSK pulse
	CCI GMSK
	ACI GMSK
	CCI QPSK
	ACI QPSK

	non-paired (GMSK)
	-4.8
	-20
	5.2
	-20.3

	paired (QPSK)
	9.3
	-6.8
	9.3
	-6.7

	
	
	
	
	

	
	
	
	
	

	paired user=OPT1 pulse
	CCI GMSK
	ACI GMSK
	CCI QPSK
	ACI QPSK

	non-paired (GMSK)
	-4.8
	-20
	6.5
	-11

	paired (QPSK)
	6.8
	-9.5
	7.7
	-4.4

	
	
	
	
	

	
	
	
	
	

	paired user=OPT2 pulse
	CCI GMSK
	ACI GMSK
	CCI QPSK
	ACI QPSK

	non-paired (GMSK)
	-4.8
	-20
	6.3
	-16.9

	paired (QPSK)
	7.9
	-8.5
	8.5
	-6.2
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Figure 1. C/I performance for different types of co-channel interference in a VAMOS I receiver.
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Figure 2. C/I performance for different types of adjacent channel interference in a VAMOS I receiver.
3.3 Dominant interferer to rest (DIR)

While it can be assumed that a large proportion of the SAIC gain in a DARP and VAMOS I & II receiver will be utilised to suppress the paired user, a method is still needed to model any residual gain towards the external interferers. Hence the L2S mapping should introduce an additional dimension to model the dominant interferer to rest ratio (DIR).

In this case, DIR is the ratio of the apparent power of the dominant interferer to the sum of the apparent powers of the rest of the interferers (i.e. the interferer power at the antenna weighted by the raw BER factors).
4. Link to system interface

The model for the VAMOS I receiver was derived from data collected using a link level simulator configured with the interference profile in Table 5 (MTS-2 modified to take into account GMSK and QPSK modulated interference).

The burst-wise collected data was clustered into 1 dB C/I bins (where C is carrier power and I is total apparent power) and then into 2 dB DIR bins (where DIR has been defined in Section ‎3.3). Average raw BER is then calculated per cluster to produce the 2-dimensional [C/I, DIR] to raw BER mappings given in Figure 3 and Figure 4 for the LGMSK pulse shape, Figure 5 and Figure 6 for the OPT 1 pulse shape and Figure 7 and Figure 8 for the OPT 2 pulse shape (for non-paired and paired users respectively). 

While the VAMOS type I receiver’s ability to suppress an external interferer is reduced when paired, a gain from SAIC is still clearly evident in the mappings (e.g. in Figure 4).

[image: image5]
Figure 3. Mapping for non-paired user (LGMSK pulse shape).

[image: image6]
Figure 4. Mapping for paired user (LGMSK pulse shape).
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Figure 5. Mapping for non-paired user (OPT 1 pulse shape).
[image: image8.emf]
Figure 6. Mapping for paired user (OPT 1 pulse shape).
[image: image9.emf]
Figure 7. Mapping for non-paired user (OPT 2 pulse shape).
[image: image10.emf]
Figure 8. Mapping for paired user (OPT 2 pulse shape).

5. Link to system interface verification

Link to system mappings are verified when the raw BER generated by the mapping corresponds to the raw BER from the link simulator for the same input data.

In this case, input data was generated at different C/I using the interference profile in Table 5 (a modified MTS-2) was passed through both the mapping and the link simulator and the average raw BER compared. The difference verifies the correct implementation of the mapping, with only a small error visible as a result of the interpolation used in the mappings.
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Figure 9. Verification for non-paired user (LGMSK pulse shape).

[image: image12.emf]
Figure 10. Verification for paired user (LGMSK pulse shape).
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Figure 11. Verification for non-paired user (OPT 1 pulse shape).
[image: image14.emf]
Figure 12. Verification for paired user (OPT 1 pulse shape).

[image: image15.emf]
Figure 13. Verification for non-paired user (OPT 2 pulse shape).
[image: image16.emf]
Figure 14. Verification for paired user (OPT 2 pulse shape).
6. Conclusion
A modelling methodology for a VAMOS type I receiver has been presented which takes into account into the interference model the different types of interference originating from both paired and non-paired users as well as from the different pulse shapes that are under evaluation. The methodology also describes a link to system model for a VAMOS type I receiver, where the receiver’s ability to cope with the above mentioned interferer types in the system has been modelled using factors that are representative of the contribution of the interferer to the receiver’s raw BER performance.
The methodology has been used to derive a link to system interface to be used in the investigation. Verification results have also been provided. Further verification results are planned using other MTS interference profiles.
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ANNEX 1: COEFFICIENTS OF CANDIDATE PULSE SHAPE “OPT 1” (OVERSAMPLING 12)
 1.0248550e-005

 9.8761920e-005

 4.6907047e-004

 1.1165667e-003

 1.8783983e-003

 2.3321156e-003

 1.7820497e-003

-5.2511264e-004

-5.3941600e-003

-1.3344621e-002

-2.4480981e-002

-3.8066912e-002

-5.2626525e-002

-6.5791939e-002

-7.3959972e-002

-7.3653112e-002

-6.0426548e-002

-3.0140358e-002

 1.9619563e-002

 9.1343069e-002

 1.8477091e-001

 2.9753002e-001

 4.2599307e-001

 5.6327282e-001

 7.0191338e-001

 8.3333897e-001

 9.4818832e-001

 1.0387134e+000

 1.0981064e+000

 1.1218391e+000

 1.1081732e+000

 1.0581845e+000

 9.7552623e-001

 8.6640712e-001

 7.3884496e-001

 6.0110815e-001

 4.6260727e-001

 3.3127746e-001

 2.1347172e-001

 1.1468629e-001

 3.6963467e-002

-1.8853863e-002

-5.3863921e-002

-7.1541080e-002

-7.4983692e-002

-6.8551688e-002

-5.6516983e-002

-4.2004445e-002

-2.7957788e-002

-1.6084985e-002

-7.2331828e-003

-1.5633146e-003

 1.3721554e-003

 2.2992144e-003

 2.0647650e-003

 1.3247141e-003

 6.1578530e-004

 1.7365627e-004

 1.4182217e-005

ANNEX 2: COEFFICIENTS OF CANDIDATE PULSE SHAPE “OPT 2” (OVERSAMPLING 12)

  9.8323558e-004

  1.6586564e-003

  2.4785228e-003

  3.3787998e-003

  4.2162118e-003

  4.8114538e-003

  5.0146833e-003

  4.7601965e-003

  4.1018421e-003

  3.2356427e-003

  2.5091905e-003

  2.4085036e-003

  3.5191396e-003

  6.4732195e-003

  1.1891790e-002

  2.0325985e-002

  3.2191485e-002

  4.7701042e-002

  6.6811299e-002

  8.9199464e-002

  1.1427256e-001

  1.4120041e-001

  1.6896279e-001

  1.9640726e-001

  2.2231428e-001

  2.4547834e-001

  2.6479103e-001

  2.7931031e-001

  2.8832023e-001

  2.9137408e-001

  2.8832023e-001

  2.7931031e-001
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  2.2231428e-001
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  1.4120041e-001

  1.1427256e-001

  8.9199464e-002

  6.6811299e-002

  4.7701042e-002

  3.2191485e-002

  2.0325985e-002

  1.1891790e-002

  6.4732195e-003

  3.5191396e-003

  2.4085036e-003

  2.5091905e-003

  3.2356427e-003

  4.1018421e-003

  4.7601965e-003

  5.0146833e-003
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