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VAMOS Network Statistics
1 Introduction

The introduction of a wider pulse shape for VAMOS was first studied by the sourcing company at GERAN#47, and several contributions have been submitted on this topic since. Contributions [1], [2], [3] and [4] presented system level evaluations with a positive conclusion showing significant capacity improvements due to the introduction on a wider pulse. Contributions [5], [6] and [7] evaluated link level performance of DARP Ph. I, VAMOS I and VAMOS II mobiles enjoying the wider pulse in sensitivity limited scenario and when exposed to VDTS-1, -2, -3 and -4 interference scenarios. The results presented in the link performance evaluations showed both gains and losses, especially when the wide pulse was applied to the interference, illustrating that the choice of MS implementation is an important aspect.
The intention of this contribution is to share some information on network statistics collected from simulations, to derive typical interference profiles expected in a VAMOS network at various traffic loads. The sourcing company hopes that this contribution triggers mobile vendors to continue their evaluation of the wider pulse using realistic interference models seen in a VAMOS network.
2 Discussion
Contribution [3] depicted the expected increase in capacity due to the introduction of a wider pulse for VAMOS in Figure 1. The legend of Figure 1 reveals the gains in capacity compared to a non-VAMOS system with an estimated capacity of 59 Erlangs per cell.  This and similar input formed the foundation for the conclusion in the MUROS TR [8] stating that the HanRRC180, 220, 240 kHz and OPT2 pulses gives additional network capacity gains with a negligible impact on legacy users.
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Figure 1 Average CS traffic in network scenario MUROS-2 with 100% VAMOS I capable MS [3].

Contribution [3] further depicted interference signal level statistics derived at the traffic load where 95% of the users achieve a call FER below 3%, as shown below. This is relevant data, facilitating the definition of new interference models, but it is also just as relevant to provide similar figures for lower, but still high, traffic loads, since VAMOS is a feature that improves hardware efficiency and as such can be enabled at any traffic frequency load exceeding the legacy system congestion limit. 
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Figure 2 C/I distributions MUROS-2 for HanRRC240 TX pulse [3].

The interference model derived from the median results in the above plot, assuming it is normalized to the strongest CCI, modulated with GMSK modulation, is shown in Table 1. It can be seen that the AQPSK interference is at the median level 7dB lower than corresponding GMSK interference, as well as having lower probability of being present.
	
	Load @ quality limit with AQPSK using wide pulse

	Interferer type
	Rel pow [dB]
	PoP       [%]

	CO, GMSK
	0
	100

	CO, AQPSK
	-7
	95

	ADJminus, GMSK
	+3
	98

	ADJplus, GMSK
	+3
	98

	COminus, AQPSK
	-5
	93

	COplus, AQPSK
	-5
	93


Table 1. Interferer model from Figure 2.
Section 3 presents results from an updated network simulation, executed at various loads, including the average traffic per cell, as in Figure 1, C/I distributions indicators such as median C/I level per interferer type and their probability of presence, as in Figure 2, and then the probability of GMSK being the dominating in-band interference modulation. This probability was derived per burst, excluding fast fading, by calculation and comparison of the following interference contributions:

· Total GMSK Co-channel interference
· Total GMSK Adj-channel interference attenuated by 18.4dB ACP [3].
· Total AQPSK Co-channel interference attenuated by 1.1dB CCP [3].
· Total AQPSK Adj-channel interference attenuated by 13.1dB ACP [3].

3 Simulations

A system simulation based on MUROS-2 simulation settings was executed according to the data presented in Table 2.
	Network parameters

	Frequency band [MHz]
	900

	Cell radius
	500 m

	Bandwidth
	9 MHz

	# channels
	45

	# TRX
	5

	BCCH frequency reuse
	Not simulated

	TCH frequency re-use
	3/9

	Frequency Hopping
	Baseband 

	Length of MA
	5

	Fast fading type
	TU-50

	Network sync mode
	Sync

	Propagation Model
	UMTS 30.03 

	Sector Antenna Pattern
	UMTS 30.03

	Simulation time
	200

	Network size [cells]
	144 

	User per cell
	70, 80, 90, 100, 110, 120

	Link level parameters

	Speech codec
	AHS5.90

	MS penetration
	100% VAMOS I MS

	AQPSK TX pulse shape
	240


Table 2. MUROS-2 network configurations
Figure 3 depicts the simulated VAMOS capacity given the usage of a wider HanRRC 240kHz pulse for VAMOS DL. At the 95% happy user requirement, the system capacity equals 118 users per cell.
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Figure 3 Average CS traffic in network scenario MUROS-2 with 100% VAMOS I capable MS [3].

Table 3 defines the average C/I and probability of presence per interferer type, just as derived in Figure 2. It can be concluded that the GMSK C/I remains fairly constant regardless of the network load, while the AQPSK C/I and probability of presence is heavily dependent on the traffic load.
	Users/cell
	GMSK interference
	AQPSK interference

	
	CO
	ADJplus
	ADJminus
	CO
	ADJplus
	ADJminus

	
	C/I [dB]
	PoP [%]
	C/I [dB]
	PoP [%]
	C/I [dB]
	PoP [%]
	C/I [dB]
	PoP [%]
	C/I [dB]
	PoP [%]
	C/I [dB]
	PoP [%]

	80
	26.2
	100
	22.6
	97.7
	22.6
	97.6
	35.7
	54.0
	34.2
	53.8
	34.1
	53.9

	100
	26.1
	100
	22.4
	97.7
	22.4
	97.6
	35.2
	84.2
	33.2
	83.3
	33.2
	83.3

	120
	26.1
	100
	22.4
	97.7
	22.5
	97.6
	33.2
	96.0
	30.7
	94.3
	30.8
	94.2


Table 3 Average C/I and probability of presence per interferer type and users per cell.
Based on the data found in Table 3 is it simple to define typical interferer profiles per traffic load as done in Table 4, with figures rounded to the closest 0.5dB. The sourcing company would like to encourage mobile vendors to take these interference profiles into account when continuing the evaluation of the wider pulse shapes.
	Users/cell
	GMSK interference
	AQPSK interference

	
	CO
	ADJplus
	ADJminus
	CO
	ADJplus
	ADJminus

	
	Rel Pow

[dB]
	PoP [%]
	Rel Pow [dB]
	PoP [%]
	Rel Pow [%]
	PoP [%]
	Rel Pow [dB] 
	PoP [%]
	Rel Pow [dB]
	PoP [%]
	Rel Pow [dB]
	PoP [%]

	80
	0
	100
	+3.5
	98
	+3.5
	98
	-9.5
	54
	-8
	54
	-8
	54

	100
	0
	100
	+3.5
	98
	+3.5
	98
	-9
	84
	-7
	83
	-7
	83

	120
	0
	100
	+3.5
	98
	+3.5
	98
	-7
	96
	-4.5
	94
	-4.5
	94


Table 4 Average interference profiles observed in a MUROS-2 network.
To create a complete picture of the interference environment experienced the dominant in-band interference type was recorded for each burst, assuming 13.1dB adjacent interference and a 1.1dB co-channel interference attenuation for 240kHz wide AQPSK interferers and 18.4dB adjacent interference attenuation for GMSK interferers [3]. To be accounted as being dominant, the strongest interference type must be a certain margin in dB stronger than the second strongest interference type. This is illustrated in Figure 4, with an example where GMSK Co-channel is the domination interferer type. 
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Figure 4 Illustration of derivation of domination interferer type. 
Table 5 summarizes the burst wise probability that GMSK interference, i.e. either co- or adjacent channel, will be a certain margin above the strongest AQPSK interference type. It is seen that the probability of GMSK being the domination interference type is decreasing as the requirement of being accounted as domination, i.e. the presented margin, is increasing. The probability also decreases as the traffic load is increasing, since all new users at the chosen loads will be allocated as VAMOS users. It is clear that at traffic loads of 80 and 100 Erlangs per cell, which are significantly higher than the non-VAMOS system capacity, the probability that GMSK will be dominating interference with several dBs are considerable. At the extreme traffic load of 120 users per cell, being two Erlang above the MUROS-2 system capacity derived from Figure 3, this probability has decreased significantly but GMSK interference is still clearly being the dominant interference type in the system.
	Load [Erlang/cell]
	80
	100
	120

	VAMOS capacity gain [%]
	36
	69.5
	103

	Margin

[dB]
	0
	90%
	85%
	79%

	
	1
	88%
	82%
	76%

	
	2
	87%
	80%
	72%

	
	3
	85%
	77%
	68%

	
	4
	83%
	73%
	64%

	
	5
	81%
	70%
	59%


Table 5 Probability of GMSK being the dominating interference modulation per burst.
4 Conclusions
This contribution has shared new information on the interference characteristics of a MUROS-2 network using a HanRRC 240kHz wide AQPSK TX pulse in the DL. A set of typical interference profiles encountered at different levels of high traffic load in the system has been presented. Mobile vendors are encouraged to take these profiles into account when continuing the evaluation of a wider pulse for VAMOS. As a complement to this data, a summary of the probability of GMSK being the dominant interference type seen on burst level is presented. It is shown that at high traffic loads GMSK interference will be dominating AQPSK interference with several dBs in a high percentage of all interfered bursts. It is the hope of the sourcing company that this information will facilitate the conclusion of the discussion on a wider pulse for VAMOS.
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