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VAMOS UL interferer analysis for performance requirements
1 Introduction

The interference scenarios to be used for the performance requirements for VAMOS have been discussed since VAMOS telco#4, see [1].
The scenarios proposed in [1] and later taken as working assumption was based on the interferer profiles used for the MUROS TR which in turn was taken from interferer profiles in the SAIC feasibility study (also used for performance requirements for DARP Phase I).

No technical contributions supporting the applicability of the interferer scenarios was brought to GERAN at the time but since both SAIC and VAMOS aims at high speech capacity, this was seen as good base line for showing the feasibility of the technique.

Changes to the UL interferer profiles for VAMOS have been proposed since GERAN#44 in e.g. [2] with technical evidence for the modification of interferer profiles provided in e.g. [3] and [4].
The UL interference profile that has been most discussed is whether to have a single GMSK interferer for both co-channel and adj-channel requirements or if a single VAMOS interferer (i.e. two GMSK interferers) shall be used.

This document provides more input on this topic analyzing UL statistics from system level simulations.

2 Methodology
In earlier contributions, e.g. [3], DL statistics has been used to analyze the probability of single interferers on the UL. This has been done by first running uplink link level simulations to determine the ratio of dominant interferer to rest of interferers (DIR) needed to achieve link performance similar to a single interferer scenario.
I.e. if the rest of interferers are low enough in power compared to the dominant co-channel interferer, the interferer profile can be assumed to be of single interferer characteristics. This is depicted in Figure 1.
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Figure 1. Requirements for single interferer profile.

From the DL statistics the probability of a single interferer scenario was then calculated for two different network scenarios (from [5]) and the results are reproduced in Table 1 and Table 2.
Table 1. Threshold set

	Threshold set
	CO threshold (C)
	ADJ threshold (A)

	1
	15
	5

	2
	20
	10

	3
	30
	15

	4
	40
	20


Table 2. Single interferer probability of different VAMOS networks.
	Threshold set
	MUROS-2
	MUROS3-A

	1
	0.38%
	0.36 %

	2
	0.003 %
	0.02 %

	3
	7e-5
	2.6e-5 %

	4
	0
	0 %


3 Expressed concerns/requests
Concerns/requests have been expressed from companies on the:
· Validity of DL statistics being applied on UL interferer profiles
· Need to show DIR distribution behind the figures in Table 2 (possibly also by taking the C/I into account for the distributions).

4 Updated methodology and statistics

To answer the concerns/requests listed in Section 3 additional system level simulations have been conducted collecting both DL and UL statistics including DIR.
The same network scenarios have been investigated but for a non-VAMOS system in blocking. This is to cover a worst case scenario in terms of VAMOS. I.e. any increase of the load would result in VAMOS allocations resulting in more interferers and less frequent occurrence of extreme DIRs.

5 Results
Since both the DIR of co-channel interference and the DIR of adj-channel interference need to be considered jointly to classify an interferer profile as having single interferer characteristics, a DIR surface have been produced.
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Figure 2. DIR distribution UL (top: MUROS-2, bottom: MUROS3-A).
It can be seen that the most common DIRco is between -1 and 0 dB (bin granularity 1 dB) while the most common DIRadj is at -13 dB. I.e. for co-channel interferers the residual interferers add up to signal levels in the same magnitude as the strongest one.
The corresponding values of Table 2 can be seen in Table 3. The main difference between the two tables is that Table 2 has been simulated on DL with a quality limited VAMOS system while Table 3 reflects a non-VAMOS, blocking limited system simulated with both links active (only UL evaluated).

Table 3. Single interferer probability of different non-VAMOS networks at blocking.
	Threshold set
	MUROS-2
	MUROS3-A

	1
	1.6%
	1.90%

	2
	0.38%
	0.50%

	3
	0.03%
	0.04%

	4
	1.0e-3
	1.5e-3%


It can clearly be seen that, even though the figures in Table 3 are, as expected, increased compared to Table 2 they are still below 2 % for all scenarios. 
It should be noted that the results are based on burst-by-burst analysis. Since the specification work only aims at FER levels the probability of a full frame performing corresponding to a single interferer case is insignificant in a frequency hopping scenario.
6 Conclusions
Concerns with the use of a single interferer profile have earlier been presented in [3] and [4]. Some of the concerns are repeated below:

· A single interferer is not expected to cover a typical interferer case for VAMOS, which is targeting high voice capacity scenarios.

· There will be large spread in performance depending on receiver architecture, which will delay specification work to align figures if a single interferer profile is used.

· The thermal noise contribution in single interferer performance requirements cannot be assumed to be negligible when assuming the existing interferer levels.

In this contribution the first bullet is analyzed based on system level simulations when loading the system right before users start to be VAMOS allocated. I.e. the investigated scenario should be seen as a worst case in terms of VAMOS networks.
It has been seen that the occurrence of single interferer profiles are below 2 % for all scenarios investigated. Further, it should be noted that this is based on a burst-by-burst analysis so to have FER performance corresponding to a single interferer case is significantly lower.
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