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Aspects of Synchronous Interference
1 Introduction

The study item Enhanced VAMOS (ENHVAMOS) is currently ongoing in GERAN. One of the objectives listed for this study is “to investigate network improvements utilizing network synchronization...” [1]. To meet this objective companies active in 3GPP GERAN have initiated discussions on how to accurately model characteristics of synchronized networks. This paper is intended to facilitate these discussions and presents some aspects of synchronous interference.

2 Discussion
In a synchronous network it is expected that MS and BTS receivers are exposed to synchronous interference, where the interfering signal and wanted signal are time aligned. As the training sequences (TSC) will completely or partly overlap it is expected that the UL/DL receiver performance will be more dependent on the network TSC planning than in an asynchronous network. 
The purpose of this contribution is to provide some details on the dependency between DL receiver performance and carrier/interferer TSC allocation and how this dependency is affected by

· Delay between carrier and interferer.

· The relative strength between interferers.

· The number of interferers.

No Link to system (L2S) methodology for synchronous interference is proposed in this paper, but the presented observations are believed to facilitate the derivation of such a methodology. 

3 Single co-channel interferer 
3.1 Synchronous interference
Figure 1 below shows the performance for a TCH/AHS5.90 carrier, assigned TSC 5 from Set 1, when exposed to synchronous co-channel interference (CCI) assigned one of the 16 TSCs found in TSC set 1 and 2, relative the performance when exposed to synchronous CCI using random bits in the TSC. The depicted relative performance is defined as gain/loss in dB at 1% FER, which is believed to correspond to typical operating conditions for TCH/AHS5.90. 
General simulation assumptions are presented in Table 1. 

	Simulation parameters

	Band
	900

	Link
	DL

	Receiver
	DARP Phase I

	Carrier modulation
	GMSK

	Interferer modulation
	GMSK

	Channel
	TU3

	Frequency hopping
	Ideal

	Frequency band
	900 

	Tx filter
	LinGMSK

	Codec
	AHS5.90

	Frames
	20000 

	Tx/Rx impairments
	Typical

	Burst misalignment
	0, 5 or 10 symbols

	TSC carrier
	TSC set 1

	TSC interferer
	Random bit, TSC set 1 and 2

	DTX
	No


Table 1 Simulation settings.

It shall be noted that for the case when both carrier and interferer was allocated TSC 5 from set 1 the 1% FER target was not meet in the simulated CCI range. This point is hence excluded in Figure 1.
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Figure 1 Relative CCI performance for TCH/AHS5.90 in synchronous networks with carrier allocated TSC 5 from set 1.
As Figure 1 only represents a single carrier TSC allocation, the simulation was repeated eight times with the carrier allocated TSC 1 to TSC 8 from set 1. The left subplot of Figure 2 depicts the full set of simulated points while the right subplot depicts and the best, worst and average performance identified for each simulated carrier and interferer TSC combination.
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Figure 2 Relative CCI performance for TCH/AHS5.90 in synchronous networks with carrier allocated TSC 1-8 from set 1. 
It is clear from the results depicted in Figure 1 and Figure 2 that a large spread in end user performance can be expected in a synchronous network if not great care is taken when TSC planning the network. However, it is also clear that the new TSC set 2 for VAMOS can bring additional gains compared to both TSC Set 1 and using random bits in the interferer.
3.2 Synchronous interference with delay

There are different ways to achieve network synchronization, but it can be assumed that no synchronization algorithm is perfect, and also that propagation delays will cause delay between carrier and dominant interferer as depicted in Figure 4.

[image: image4]
Figure 3 Delay between carrier and interfering burst.
The simulation presented in Figure 2 was repeated with a delay introduced between carrier and interferer. To facilitate a comparison between the simulated results, the reference point used in Figure 1 and Figure 2 was reused in Figure 4 where the best, worst and average performance is depicted for each simulated carrier and interferer TSC combination. Results are presented in the left subplot for a delay of 5 symbols and in the right subplot a delay of 10 symbols.
It should be noted that the power of the interferer was compensated for the delay introduced, to conserve the interfering power.
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Figure 4 Relative CCI performance for TCH/AHS5.90 in synchronous networks with a delay of 5 or 10 symbols between carrier and interferer.
When comparing the results presented in Figure 2 with the results shown in Figure 4, it is seen that the spread in performance is decreasing, but still significant, as the delay is introduced and increases to 10 symbols. 
It needs to be emphasized that delays of around 10 symbols or more will introduce effects related to asynchronous networks, for example the possibility of being interfered by two bursts from the same base station and ARFCN.

[image: image7]
Figure 5. Carrier and two interfering bursts.

4 Multiple co-channel interference
4.1 Two synchronous interferers
The receiver performance of SAIC mobiles is known to be dependent on the number of interfering signals and their relative strength. It can be expected that the strongest interferer in a set of interferers will have a dominant impact on performance and must be accurately modeled in a system simulator L2S interface. It is however also of interest to consider how a weak interferer will influence DL receiver performance.
The right subplot of Figure 6 depicts the DL performance of the interference scenario shown in the left subplot, relative the performance when random bits are used as TSC in the non-dominant interferer. The dominating interferer is always allocated the same fixed TSC, also when random bits are used for the weaker interferer, while the weaker interferer is allocated a TSC from set 1 or set 2 according to the x-axis of Figure 6. 
The depicted relative performance is again defined as gain/loss in dB at 1% FER. Results are presented for a relative power of 4, 8, 12 and 16dB between the stronger and weaker interferer.
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Figure 6 Dual CCI scenario performance.
It can be concluded from Figure 6 that the performance is closely dependent on the TSC allocated to the weaker interferer. The dependency decreases slowly as the relative power between the two interferers increases.
4.2 Multiple synchronous interference scenario
Section 4.1 and Figure 6 indicated that DL receiver performance is dependent not only on the dominant interferer, but also to a large extent to the configuration of a second weaker interferer. To investigate the impact on performance from a third co-channel interferer the performance of the three interferer scenarios depicted in Figure 7 was simulated.
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Figure 7 Single and multiple CCI scenarios.
Figure 8 depicts the DL performance of the interference scenarios shown above, when the weakest co-channel interferer is allocated a TSC from set 1 or set 2 according to the x-axis of Figure 8 and the strongest interferers are allocated fixed TSCs. The presented performance is derived relative the performance when random bits are used as TSC in all interferers. 

It can be concluded that the allocation of TSC to the weakest interferer has a clear impact on performance in the single and double interferer scenarios, while for the multiple interferer scenario, with three interferers, it is observed that the spread in performance is limited. 
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Figure 8 Multiple CCI interferer scenario performance.
5 Conclusions
This contribution has addressed aspects of interference in synchronous networks. It has been shown that:

· DL receiver performance is dependent on the allocation of carrier and interferer TSC. 
· This dependency is relaxed, but still significant, for time delays of 5 and 10 symbols between carrier and interfering bursts.

· The TSC allocation of the two strongest interferers in a multiple interferer scenario will dominate the impact on performance. The importance of the weaker interferer decreases as its relative power decreases. 
· As the number of co-channel interferers increases beyond two the performance spread due to the allocation of TSC in the weakest interferer diminishes.
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