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Modelling methodology for a VAMOS and legacy mobile 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 a VAMOS type I receiver and a legacy non-DARP 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).
These aspects were seen as needing to be clarified before it would be possible to conclude on the introduction of an optimised pulse ‎[2].
It is the view of some companies ‎[3] that no impacts to legacy mobiles need to be demonstrated before a wide pulse can be justified. To extend the study to legacy mobiles, the methodology for modelling a receiver in the system simulator is extended to include a model of a legacy non-DARP receiver.

Further in ‎[4], a request is made to evaluate the capacity gain over different penetration rates of VAMOS-I mobiles.  To extend the study to include 25%, 50%, 75% as well as 100% penetration rates of VAMOS-I mobiles, network statistics for each of these scenarios are obtained from which interference profiles have been generated. These profiles will form the basis of future mappings for the VAMOS-I receiver.

In previous GERAN meetings, it has been requested by one company (Ericsson) to take into account in the interference profiles any increased load as a result of the optimised pulse (previously, the interference profiles were generated at the same network load for the different pulse shapes). In this contribution, the network statistics have been collected after finding the network loads at which the BQC limit (5%) or blocking limit (2%) have been just met in all of the scenarios.
Finally, updates have been made relating to the measurement point at which the network statistics are collected. Previously this has been after fast fading in the system simulator, while in this contribution the measurement point is before the fast fading operation (to ensure fast fading is not taken into account twice). Some changes have also been made to the RRM algorithm to ensure the VAMOS performance is as optimised as possible. This latter change has resulted in a remarkable increase in the proportion of pairings and hence to the presence of QPSK modulation in the network.
Section 2 describes the characteristics of the optimized transmit pulse shape that are being considered in the investigation, Section 3 describes the modelling methodology that is used for the link to system interface, Section 4 describes the initial interference profile used for the link to system interface and Section 5 the ‘ACP’ factors. Section 6 describes the interference profiles, obtained from the measured network interference levels for eachof the different network scenarios. Finally, Section ‎7 describes the link to system interface of the Legacy non-DARP mapping used in the study. The section includes also mapping verification results.
This contribution is a revision of ‎[8]. The main updates have been highlighted.
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.

Priority in the investigation shall be given to the candidate pulse shape having the largest adjacent channel protection (ACP). The ACP when measured spectrally in an Rx filter having a tx function of the linearised GMSK pulse truncated to +/- 160 kHz is:

	Pulse shape
	ACI
	CCI

	Ref (LGMSK)
	18.4 dB
	0.0 dB

	OPT1
	11.6 dB
	1.4 dB

	OPT2
	15.7 dB
	0.3 dB


3. L2S Modelling Methodology
The L2S methodology is based on that used in WIDER ‎[5] which is depicted in Figure 3.
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Figure 3. L2S modelling methodology used in the investigation.
An initial interference profile and ‘ACP’ factors are first used to determine an initial L2S interface. The initial L2S interface is next used to determine an interference profile for each network configuration based on the measured network interference levels. These interference profiles and ‘ACP’ factors are then used to determine final L2S interface for each network configuration.
4. Initial interference profile

Each interferer in the MTS-2 interference profile was split into GMSK and QPSK modulated interference. The proportions of the split represented the GMSK interference coming from the non-paired users (and dummy bursts in case of BCCH carrier) and GMSK and QPSK interference coming from the paired users. To calculate these proportions, the following information was utilised:
· the proportions of paired to non-paired users in the network (which was obtained from earlier system simulations ‎[6])
· of the paired users, the probability of both sub-channels simultaneously being active or in-active and the probability of only one sub-channel being active

The used Initial profile was the worse case profile (in terms of the level of QPSK interference) when calculated for each network configuration and is depicted in Table 1.

More details of this approach can be found in ‎[7].
Table 1. Initial 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


5.  ‘ACP’ factors 

5.1 Introduction

The total interferer power in a receiver is assumed to be the interferer power that contributes to the raw BER performance of the receiver and is referred to hereafter as the apparent power in the receiver.
5.2 RawBER ‘ACP’ factors for VAMOS I receiver
The VAMOS I receiver is expected to apply advanced interference processing (i.e. SAIC) whose performance is dependent on a number of factors which need to be reflected in the ACP factors. E.g. 
· 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 2 shows the raw BER factors that have been obtained for a typical VAMOS I receiver. They are the 6 % raw BER points in the raw BER curves shown in Figure 4 and Figure 5 (the 6 % raw BER figure was verified as being in the vicinity of the 1 % FER point for an AFS12.2 codec). 
Table 2. Raw BER factors obtained for a VAMOS type I receiver.

	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

	
	
	
	
	

	
	
	
	
	

	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

	
	
	
	
	

	
	
	
	
	

	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 4. C/I performance for different types of co-channel interference in a VAMOS I receiver.
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Figure 5. C/I performance for different types of adjacent channel interference in a VAMOS I receiver.
5.3 RawBER ‘ACP’ factors for Legacy non-DARP receiver
Table 3 shows the raw BER factors that have been obtained for a Legacy non-DARP receiver. They are the 6 % raw BER points in the raw BER curves shown in Figure 6. 
The model for the Legacy non-DARP receiver closely resembles a legacy receiver of a mobile vendor. The Rx filter has a SQRC transfer function with 180 kHz bandwdith. 
Table 3. Raw BER factors for a Legacy non-DARP receiver.

	CCI GMSK
	ACI GMSK
	CCI QPSK (LGMSK)
	ACI QPSK (LGMSK)
	CCI QPSK (OPT2)
	ACI QPSK (OPT2)

	8.3
	-11.8
	8.2
	-12
	8
	-8.5
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Figure 6. C/I performance of a legacy non-DARP for different types of co-channel and adjacent channel interference.

6. Final interference profile

The initial interference profile and the ‘ACP’ factors were used to determine an initial L2S interface. This initial L2S interface (which can be found in Annex 3) was then used to determine a final interference profile which was obtained from the measured network interference levels for each of the different network scenarios.
These levels were based on interference statistics which were calculated with the following assumptions:

· All interferer levels were measured after slow fading but before fast fading. This is to avoid duplicating the affects of fast fading in the link level simulator.
· The burst-wise carrier to interferer ratio for each interferer was expressed as a CDF. 
· The median level (50th percentile in the CDF) was used to characterise the power level of each interferer 

· Interference ratios were specified relative to dominant co-channel interferer. This makes it easier to sweep over a range of C/I values in the link simulator. For example, to populate the link to system mappings
· Statistics were collected at the BQC limit or blocking limit. 
In addition, the probability of the occurance of an interferer in a burst is given (referred to as probability of presence or PoP).
Additionally, network statistics have been obtained at 25%, 50%, 75% and 100% penetration rates of VAMOS-I mobiles.
The interference profiles for each network scenario and the LGMSK and OPT2 pulse shapes are shown in Table 4 for the MUROS-1 scenario and in Table 5 for MUROS-2 scenario.
Table 4. Interference profiles for the MUROS-1 scenario.
	MUROS-1

A1
	25 % VAMOS penetration
	50 % VAMOS penetration

	
	LGMSK pulse
	OPT2 pulse
	LGMSK pulse
	OPT2 pulse

	
	Relative level (dB)
	PoP (%)
	Relative level (dB)
	PoP (%)
	Relative level (dB)
	PoP (%)
	Relative level (dB)
	PoP (%)

	Co-channel 1 (GMSK)
	0.0
	100%
	0.0
	100%
	0.0
	100%
	0.0
	100%

	Co-channel 2 (GMSK)
	-4.8
	100%
	-4.7
	100%
	-4.5
	100%
	-4.3
	100%

	Adjacent 1 (GMSK)
	6.0
	100%
	5.9
	100%
	5.9
	100%
	5.8
	100%

	Co-channel 1 (QPSK)
	-26.1
	1%
	-23.1
	1%
	-29.8
	30%
	-30.1
	33%

	Co-channel 2 (QPSK)
	#N/A
	0%
	#N/A
	0%
	-39.2
	6%
	-39.6
	7%

	Adjacent 1 (QPSK)
	-25.4
	1%
	-22.4
	1%
	-26.8
	47%
	-26.9
	51%

	MUROS-1

A1
	75 % VAMOS penetration
	100 % VAMOS penetration

	
	LGMSK pulse
	OPT2 pulse
	LGMSK pulse
	OPT2 pulse

	
	Relative level (dB)
	PoP (%)
	Relative level (dB)
	PoP (%)
	Relative level (dB)
	PoP (%)
	Relative level (dB)
	PoP (%)

	Co-channel 1 (GMSK)
	0.0
	100%
	0.0
	100%
	0.0
	100%
	0.0
	100%

	Co-channel 2 (GMSK)
	-4.1
	100%
	-4.1
	100%
	-3.7
	100%
	-3.8
	100%

	Adjacent 1 (GMSK)
	5.7
	100%
	5.7
	100%
	5.7
	100%
	5.8
	100%

	Co-channel 1 (QPSK)
	-27.7
	51%
	-28.0
	53%
	-18.1
	77%
	-17.3
	82%

	Co-channel 2 (QPSK)
	-37.7
	17%
	-38.2
	19%
	-28.1
	46%
	-27.3
	54%

	Adjacent 1 (QPSK)
	-23.1
	71%
	-23.1
	72%
	-12.0
	90%
	-10.8
	93%


Table 5. Interference profiles for the MUROS-2 scenario.
	MUROS-2

A1
	25 % VAMOS penetration
	50 % VAMOS penetration

	
	LGMSK pulse
	OPT2 pulse
	LGMSK pulse
	OPT2 pulse

	
	Relative level (dB)
	PoP (%)
	Relative level (dB)
	PoP (%)
	Relative level (dB)
	PoP (%)
	Relative level (dB)
	PoP (%)

	Co-channel 1 (GMSK)
	0.0
	99%
	0.0
	99%
	0.0
	99%
	0.0
	99%

	Co-channel 2 (GMSK)
	-10.0
	95%
	-10.1
	95%
	-10.3
	93%
	-10.3
	93%

	Adjacent 1 (GMSK)
	9.4
	100%
	9.3
	100%
	9.7
	100%
	9.7
	100%

	Co-channel 1 (QPSK)
	-12.3
	32%
	-12.4
	32%
	-8.9
	62%
	-8.9
	62%

	Co-channel 2 (QPSK)
	-21.7
	6%
	-21.9
	6%
	-19.0
	26%
	-18.9
	26%

	Adjacent 1 (QPSK)
	-8.4
	55%
	-8.7
	55%
	-2.1
	85%
	-2.2
	85%

	MUROS-2

A1
	75 % VAMOS penetration
	100 % VAMOS penetration

	
	LGMSK pulse
	OPT2 pulse
	LGMSK pulse
	OPT2 pulse

	
	Relative level (dB)
	PoP (%)
	Relative level (dB)
	PoP (%)
	Relative level (dB)
	PoP (%)
	Relative level (dB)
	PoP (%)

	Co-channel 1 (GMSK)
	0.0
	98%
	0.0
	98%
	0.0
	94%
	0.0
	94%

	Co-channel 2 (GMSK)
	-10.7
	90%
	-10.7
	90%
	-10.8
	78%
	-10.7
	79%

	Adjacent 1 (GMSK)
	10.1
	100%
	9.9
	100%
	9.4
	99%
	9.5
	99%

	Co-channel 1 (QPSK)
	-4.2
	84%
	-4.3
	84%
	-1.2
	93%
	-1.1
	93%

	Co-channel 2 (QPSK)
	-14.6
	54%
	-14.7
	54%
	-11.4
	73%
	-11.1
	75%

	Adjacent 1 (QPSK)
	4.8
	97%
	4.6
	97%
	8.7
	99%
	8.9
	99%

	Notes:

Shown are the interferer levels when measured at the mobile antenna (i.e. before any processing by the mobile receiver). These levels were calculated only from the bursts where the interferer was present. The proportion of bursts in this case is given by the interferer’s PoP.

The PoP for the GMSK interferers is about 100 % i.e. they are always present in a burst and this reflects not only the high proportion of non-paired users in the network but also the proportion of paired users that are not simultaneously transmitting. Conversely, the PoP for the QPSK interferers which is less than 100 % reflects the proportion of paired users in the network that are in VAMOS mode.

While the profiles are quite distinct between the MUROS-1 and MUROS-2, they differ only by a small amount between the different pulse shapes. This is because the levels were measured at the mobile antenna and do not reflect the levels ‘seen’ in the receiver i.e. the apparent power levels (to calculate the apparent power levels, the RawBER ‘ACP’ factors in Section 5 need also to be applied).


7. Conclusion

An updated methodology is presented that takes into account comments provided at GERAN #45.
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ANNEX 1: COEFFICIENTS OF CANDIDATE PULSE SHAPE “OPT 1” (OVERSAMPLING 12)
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ANNEX 2: COEFFICIENTS OF CANDIDATE PULSE SHAPE “OPT 2” (OVERSAMPLING 12)
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ANNEX 3: Link to system interface For IniTal Interference Profile

The model for the VAMOS I receiver was derived from data collected using a link level simulator configured with the initial interference profile in Section ‎4 (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. Average raw BER is then calculated per cluster to produce the 2-dimensional [C/I, DIR] to raw BER mappings for the LGMSK pulse, the OPT 1 pulse and the OPT 2 pulse respectively (both for non-paired and paired users). 


[image: image7]
Figure 10. Mapping for non-paired user (LGMSK pulse shape).


[image: image8]
Figure 11. Mapping for paired user (LGMSK pulse shape).
[image: image9.emf]
Figure 12. Mapping for non-paired user (OPT 1 pulse shape).
[image: image10.emf]
Figure 13. Mapping for paired user (OPT 1 pulse shape).

[image: image11.emf]
Figure 14. Mapping for non-paired user (OPT 2 pulse shape).
[image: image12.emf]
Figure 15. Mapping for paired user (OPT 2 pulse shape).

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 initial interference profile in Section ‎4 (the 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.

[image: image13.emf]
Figure 16. Verification for non-paired user (LGMSK pulse shape).

[image: image14.emf]
Figure 17. Verification for paired user (LGMSK pulse shape).
[image: image15.emf]
Figure 18. Verification for non-paired user (OPT 1 pulse shape).
[image: image16.emf]
Figure 19. Verification for paired user (OPT 1 pulse shape).

[image: image17.emf]
Figure 20. Verification for non-paired user (OPT 2 pulse shape).
[image: image18.emf]
Figure 21. Verification for paired user (OPT 2 pulse shape).





















































































































































































































































































































































































































































































































































































































	
	
	1 / 18



[image: image19.jpg]10

GMSK LGMSK: OSC DL CIRIDIR to BER 1st stage mapping

10

Average Raw BER

CIR/BER cloud

Average mapping
——-2D CIRIDIR mapping DIR=[-2:2:12]

a0

20

0
Ciltot 0B dB

10

il



[image: image20.jpg]10

QPSKLGMSK: OSC DL CIRIDIR to BER 1t stage mapping

10

Average Raw BER

=i

CIR/BER cloud
Average mapping
——-2D CIRIDIR mapping DIR=[-2:2:12]

a0 20 0 [i] 10 il
Ciltot 0B dB



_1326554422.vsd
Initial interference profile


‘ACP’ factors


Initial L2S interface


LL simulation


Interference profile


SL simulation


Final L2S interface


LL simulation



