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UL interference statistics in VAMOS network scenarios
1. Introduction

One of the remaining open issues in the VAMOS performance specification (3GPP TS 45.005) is the interferer profile in the UL direction.

The specific question is whether a single interferer profile is sufficiently prevalent to warrant its inclusion in the performance requirements.

The question is motivated in that there are a number of drawbacks to introducing single interferer profiles in UL (see ‎[1] and ‎[2] for details): 
· single interferer profiles are not expected to be typical in VAMOS networks in UL where two users can be active at the same time (this issue is investigated in this contribution).

· performance of different Rx architectures are known to converge when multiple interferer profiles are used, in which case less meeting cycles are likely to be required to agree minimum performance requirements.
· the thermal noise contribution in the single interferer performance requirements cannot be assumed to be negligible when assuming the existing interferer levels (e.g. in the single interferer performance requirements in EGPRS2-B in uplink, a thermal noise component had to be simulated).
Hence it is highly desirable to avoid the specification of performance requirements in uplink for these two single interferer profiles.
To assist the discussion, network statistics have been provided at GERAN #46 ‎[2] and to further assist the discussion, independent network results are provided in this contribution.

It is already understood that single interferer profiles in theory are unlikely to occur (given the multitude of interferers occurring simultaneously from the different neighbouring cells and VAMOS being enabled also in neighbouring cells). However, the objective of the present study is to determine the likelihood of multiple interferer profiles from occurring that behave like single interferer profiles. This can be characterised by a SCPIR or DIR threshold at which the impact on a BTS receiver would be the same if the interferer profile was a single interferer.

In this contribution, the distribution of DIR in the UL direction is given for the MUROS-1 and MUROS-2 network scenarios.

2. Simulation Assumptions
2.1 Dominant interferer to rest ratio (DIR)

The statistic of interest is the distribution of DIR in the uplink direction. DIR is determined as the ratio between the power of the dominant interferer in a burst and the sum of the power of the remaining interferers in the burst. In the simulations, interferer power was computed after the Rx filter (i.e. after attenuating the ACI by the ACP of the Rx filter).

The used DIR definition is the following:
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where Imax is the average power of the dominant co-channel interfering signal, Ik is the sum of the powers of the rest of the interferers (attenuated by the ACP factor in the case of adjacent channel interference) and N0 is the receiver thermal noise.
Only bursts that were interference limited were included in the statistics i.e. the DIR sample was excluded when N0 > Imax.

2.2 Border effects

Wrap around is not employed in the system simulator. This may lead to higher probabilities of single interferer profiles at the borders of the simulated network. To avoid these effects, the statistics were collected from the middle 3 sectors. The size of the simulated network was 75 cells.
2.3 Network load
The simulated network employed radio resource allocation algorithms which utilised the reported RXLEV and RXQUAL measurements from each mobile and whose thesholds have been optimised for VAMOS.

In both scenarios, the network load was chosen to be close to the network limiting point i.e. close to BCR=2% or BQC=5% in downlink.

2.4 Summarised network simulation assumptions
The network simulation assumptions have been summarised in Table 1.
Table 1. Network simulation assumptions.

	Parameter
	Values

	Network scenarios
	MUROS-1 and MUROS-2 (see ‎[3])

	Mobile receiver
	VAMOS type I

	Mobile penetration
	100% VAMOS type I

	BTS receiver
	SIC receiver (2 stage L2S interface; 1st stage modelling a dual antenna VAMOS receiver)

	Codec
	GSM HR

	DTX
	Enabled in UL and DL

	PC
	Enabled in UL and DL

	# of bursts
	300k

	Adjacent channel protection (obtained by raw BER simulation)
	19 dB

	Statistic of interest
	DIR in UL


3. Results
3.1 Cumulative distribution of DIR
The Cumulative Distribution Function (CDF) of the DIR in uplink in the MUROS-1 and MUROS-2 network scenarios is depicted in Figure 1.
From these, the following observations can be made:

	DIR threshold 
	MUROS-1 
	MUROS-2

	15 dB
	9 %
	14 %

	20 dB
	4 %
	8 %

	30 dB
	0.5 %
	2 %
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Figure 1. Distribution of DIR in uplink in MUROS-1 and MUROS-2.

3.2 SCPIR_IF thresholds
A different methodology has been implemented in [2], which applies SCPIR_IF thresholds independently to the co-channel and adjacent channel interferers. In this section, we depict the single interferer probabilities obtained in uplink when applying the set of thresholds proposed in [2]. 

	Threshold set
	MUROS-2 

	1: Co(15)/Adj(5)
	6.4 %

	2: Co(20)/Adj(10)
	3.3 %

	3: Co(30)/Adj(15)
	1.3 %

	4: Co(40)/Adj(20)
	0.3 %


4. Conclusion

In this contribution, network statistics are presented which depict the distribution of the DIR in the UL for the MUROS-1 and MUROS-2 network scenarios. Additional statistics are also provided using a different methodology that applies SCPIR_IF thresholds independently [2]. Both methodologies yield results of the same order.
The proportion of bursts in which interferers appear as ‘single interferers’ will depend on the receiver architecture, hence different thresholds have been considered to account for these potential differences.
In the MUROS-2 network, a minimum of 86 % of bursts appeared as having multiple interferers and a maximum of 14 % of bursts appeared as having single interferers.
For the MUROS-1 network, these figures were 91 % and 9 % respectively.

Based on the above results, it can be concluded that the single interferer profile is not typical in the MUROS-1 and MUROS-2 networks.
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