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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).
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 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. Finally Section 6 describes the interference profiles, obtained from the measured network interference levels for each of the different network scenarios.
This contribution is a revision of [5] and [6]. The main updates compared to [6] are the candidate pulse characteristics in Section ‎2.1, the discussion in Section ‎7 and the conclusion in Section ‎8.
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 [3] 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 [4])
· 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 [5].
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


[image: image4.emf]CCI results (raw BER)

0.001

0.01

0.1

1

-20 -15 -10 -5 0 5 10 15 20

C/Ic

raw BER

GMSK/GMSK CCI

QPSK LGMSK/QPSK LGMSK CCI

QPSK OPT1/QPSK OPT1 CCI

QPSK OPT2/QPSK OPT2 CCI

GMSK/QPSK OPT1 CCI

GMSK/QPSK OPT2 CCI

QPSK LGMSK/GMSK CCI

GMSK/QPSK LGMSK CCI

QPSK OPT1/GMSK CCI

QPSK OPT2/GMSK CCI


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.
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 and after fast fading. Ideally, the measurements should be made before the fast fading to avoid duplicating the affects of fast fading in the link level simulator. It is being checked whether this would have any affect on the relative levels in Table 3.
· The burst-wise carrier to interferer ratio for each interferer was expressed as a CDF. E.g. Figure 6 gives the CDF for the interferers for one of the scenarios (MUROS-1 LGMSK pulse HR codec). 
· 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 equal loads for the MUROS 1 network (30k users) and for the MUROS 2 network (65k users).

In addition, the probability of the occurance of an interferer in a burst is given (referred to as probability of presence or PoP).
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Figure 6. Interferer CDF for the MUROS-1 network scenario when assuming the LGMSK pulse shape for VAMOS and GSM HR  <-> OSC HR codec mode adaptation.
The interference profiles for each network scenario and the LGMSK and OPT2 pulse shapes are shown in Table 3.
Table 3. Final calculated interference profiles.

	MUROS1
	A1
	A1
	D1
	D1

	
	LGMSK
	OPT2
	LGMSK
	OPT2

	 
	median power* (dBm)
	PoP (%)
	median power* (dBm)
	PoP (%)
	median power* (dBm)
	PoP (%)
	median power* (dBm)
	PoP (%)

	Co-channel 1 (GMSK)
	0
	100
	0
	100
	0
	100
	0
	100

	Co-channel 2 (GMSK)
	-5
	100
	-5
	100
	-5
	100
	-5
	100

	Adjacent 1 (GMSK)
	6
	100
	6
	100
	6
	100
	6
	100

	Co-channel 1 (QPSK)
	-27
	19
	-27
	20
	-26
	15
	-27
	16

	Co-channel 2 (QPSK)
	-37
	2
	-37
	2
	-36
	1
	-37
	2

	Adjacent 1 (QPSK)
	-25
	31
	-25
	33
	-24
	25
	-25
	27

	MUROS2
	A1
	A1
	D1
	D1

	
	LGMSK
	OPT2
	LGMSK
	OPT2

	 
	median power* (dBm)
	PoP (%)
	median power* (dBm)
	PoP (%)
	median power* (dBm)
	PoP (%)
	median power* (dBm)
	PoP (%)

	Co-channel 1 (GMSK)
	0
	100
	0
	100
	0
	100
	0
	100

	Co-channel 2 (GMSK)
	-11
	96
	-11
	96
	-11
	96
	-11
	96

	Adjacent 1 (GMSK)
	10
	100
	10
	100
	10
	100
	10
	100

	Co-channel 1 (QPSK)
	-10
	62
	-10
	62
	-10
	62
	-10
	63

	Co-channel 2 (QPSK)
	-21
	26
	-21
	26
	-21
	26
	-21
	26

	Adjacent 1 (QPSK)
	-3
	86
	-3
	86
	-3
	86
	-3
	86

	*relative to CCI GMSK


7. Discussion
Shown in Table 3 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.
The levels of the QPSK interferers are relatively low, even in only those bursts where the interferer is present. This is because the mean distance and hence the pathloss between a mobile and an interfering BTS that transmits QPSK modulation increases as the QPSK PoP reduces. This is shown in Table 4 where the pathlosses associated with the dominant interferers were collected for one of the network scenarios (MUROS-1 LGMSK pulse HR codec). The median levels shown are directly proportional to the median pathlosses. 

Table 4. Pathlosses associated to the dominant interferers in one of the network scenarios.
	
	median power (dBm)
	PoP (%)
	median pathloss (dB)

	Co-channel 1 (GMSK)
	0
	100
	-115

	Adjacent 1 (GMSK)
	6
	100
	-110

	Co-channel 1 (QPSK)
	-27
	19
	-140

	Adjacent 1 (QPSK)
	-25
	31
	-138


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 so 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). The levels were also measured at the same network load.
Previously it had been assumed that in the system dynamics, GMSK modulation would occur sufficiently often as the dominant modulation to warrant implementing the DIR dimension in the mappings based on all the data from the link level simulator (not just from bursts in which the GMSK modulation was dominant) and to implement a single mapping that was independent of the dominant modulation. To determine if a refinement might be beneficial whereby a mapping is selected depending on the modulation of the dominant interferer, the proportion of bursts in which QPSK modulation is dominant was determined in the MUROS-1 and MUROS-2 network scenarios. The results, shown in Table 5, indicate that at least in the MUROS-2 network, such a refinement would be beneficial.
Table 5. Proportion of bursts with dominant GMSK or QPSK modulation.

	
	Dominant GMSK interference
	Dominant QPSK interference

	MUROS-1
	94 %
	6 %

	MUROS-2
	71 %
	29 %


8. Conclusion

· Interference profiles have been obtained by applying the same methodology as used for WIDER. Included is the Probability of Presence of each interferer (a parameter which a number of companies expressed an interest in previous GERAN meetings).

· The profiles are distinct between MUROS-1 and MUROS-2 but differ by small amounts between the different pulse shapes when the same network load is assumed.
· A refinement in the methodology to implement the mappings dynamically depending on the modulation of the dominant interferer is seen as a beneficial refinement for the MUROS-2 network scenario.

· The relatively low levels of QPSK interference observed is a promising finding, as this will minimise any potential impact to legacy conventional mobiles.
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ANNEX 1: COEFFICIENTS OF CANDIDATE PULSE SHAPE “OPT 1” (OVERSAMPLING 12)
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 1.1165667e-003

 1.8783983e-003

 2.3321156e-003

 1.7820497e-003
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-3.0140358e-002
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 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
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  1.1427256e-001
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  2.5091905e-003

  3.2356427e-003

  4.1018421e-003

  4.7601965e-003
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  4.2162118e-003

  3.3787998e-003

  2.4785228e-003

  1.6586564e-003

  9.8323558e-004
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 7. Mapping for non-paired user (LGMSK pulse shape).


[image: image8]
Figure 8. Mapping for paired user (LGMSK pulse shape).
[image: image9.emf]
Figure 9. Mapping for non-paired user (OPT 1 pulse shape).
[image: image10.emf]
Figure 10. Mapping for paired user (OPT 1 pulse shape).

[image: image11.emf]
Figure 11. Mapping for non-paired user (OPT 2 pulse shape).
[image: image12.emf]
Figure 12. 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 13. Verification for non-paired user (LGMSK pulse shape).

[image: image14.emf]
Figure 14. Verification for paired user (LGMSK pulse shape).
[image: image15.emf]
Figure 15. Verification for non-paired user (OPT 1 pulse shape).
[image: image16.emf]
Figure 16. Verification for paired user (OPT 1 pulse shape).

[image: image17.emf]
Figure 17. Verification for non-paired user (OPT 2 pulse shape).
[image: image18.emf]
Figure 18. Verification for paired user (OPT 2 pulse shape).
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