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Link to System Modeling of Synchronous Interferers
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 versus asynchronous interference.

2 Discussion
2.1 Synchronous versus asynchronous networks
GSM networks are widely deployed in asynchronous mode. A typical characteristic of such networks is that MS and BTS receivers to a large extent experiences asynchronous interference. When this type of interference is modeled for GSM services a typical assumption is that the interfering signal symbol sequence overlapping the wanted signal TSC is uncorrelated with the wanted signal.

In a synchronous network it is expected that MSs and BTSs experiences synchronous interference, where the interfering signal and wanted signal are aligned. The interfering symbol sequence overlapping the wanted signal TSC will then be predictable and equal the TSC allocated to the interferer. 
A basic feature in GSM networks are frequency hopping, which in its basic form secures robust network performance as it provides diversity in fading and interference. In some special cases, for example when cyclic frequency hopping is deployed throughout a synchronous 1/1 frequency reuse network this is no longer true. The interference diversity is lowered as two signals assigned the same MAIO will consistently interfere each other. In such network configurations the link level performance and service quality experience by a certain user depends to a larger extent on the choice of TSC allocated to the wanted and interfering signal, compared to a network using pseudo random frequency hopping.
Based on the above discussions it is concluded that performance of MS and BTS receivers in synchronous networks to a large extent is dependent on the TSCs planning of the network. To validate this conclusion a set of simulations have been performed, and presented in section 3, for synchronous interference. Asynchronous interference has also been modeled for the sake of completeness.
3 Simulations
3.1 Simulation assumptions
In an attempt to visualize the importance of proper TSC planning in a synchronous network based on cyclic frequency hopping, co-channel interference (CCI) performance was simulated for a TCH/AHS5.90 carrier configured with TSC 5 from TSC set 1 [2]. Perfect alignment was assumed between carrier and interfering signal. The interfering signal is assumed to be allocated a fixed TSC. 
Simulations were repeated until the interfering TSC covered the entire set of TSC in TSC set 1 and 2. In a final reference case the fixed TSC was replaced with random bits, as usually done when modeling interference in asynchronous networks. The simulation results from this exercise are presented in section 3.2.
To complete the picture, CCI performance has been simulated in Section 3.3 for asynchronous networks, given the assumption that the interfering TSC can be modeled using random bits. Simulations have been carried out with carriers allocated a fix TSC from set 1.
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
	Yes

	Frequency band
	900 

	Tx filter
	LinGMSK

	Codec
	AHS5.90

	Frames
	20000 

	Tx/Rx impairments
	Typical

	FS offset
	0

	TSC carrier
	TSC set 1 and 2

	TSC interferer
	Random bit, TSC set 1 and 2

	DTX
	No


Table 1 Simulation settings.
3.2 Synchronous interference

Figure 1 below shows the performance for the TCH/AHS5.90 carrier, when exposed to synchronous CCI assigned one of the 16 TSCs found in TSC set 1 and 2, relative the performance when exposed to asynchronous interference using random bits in the TSC. The depicted relative performance is defined as gain/loss in dB at roughly 1% FER, which is believed to correspond to typical operating conditions for TCH/AHS5.90. 
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.
[image: image1.png]Relative Perfornance [dE]

-3
00132 133 134 135 136 137 138 211 2:2 213 234 215 236 237 2:8
Interferer TSC set:TSC sequence




Figure 1 Relative CCI performance for TCH/AHS5.90 in synchronous networks.
It is clear from the depicted results that a large spread in end user performance can be expected in a synchronous network based on cyclic frequency hopping if not great care is taken when planning network parameters. In the best case around 3dB gains are seen in relative performance compared to the asynchronous case, while losses of up to 6dB are visible. It can further be concluded that while the TSCs from set 1 all gives losses, the TSCs from set 2 will provide gains in the simulated scenario. This can be explained by the superior cross-correlation properties of the TSCs in set 2. 
It needs to be noted that the results presented in this section are highly dependent on the choice of interferer configuration. In a multi-interferer scenario it is expected that the performance spread shown in Figure 1 will decrease.
3.3 Asynchronous interference
The results provided in section 3.2 clearly show the importance of proper planning of synchronous GSM networks. Also in asynchronous networks this is of importance. The requirements on TSC planning are however relaxed as interferer and carrier typically are uncorrelated. Figure 2 below shows the performance of a TCH/AHS5.90 carrier configured with a fixed TSC from TSC set 1 when exposed to asynchronous interference, relative the performance when the carrier is configured with TSC 1 from set 1. 
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Figure 2 Relative CCI performance for TCH/AHS5.90 in asynchronous networks.
Figure 2 shows that the best TCH/AHS5.90 performance in this simulation for asynchronous interference is achieved when the carrier is allocated TSC 1 from set 1. A maximal deviation of 0.3dB from optimal performance is observed if the carrier is configured with TSC 6 from set 1. Based on the results depicted above it can be conclude that the performance in asynchronous networks are robust, regardless of the choice of TSC from set 1, under the assumptions outlined above.
4 Conclusions
This contribution has addressed aspects of CCI interference in synchronous and asynchronous GSM networks. It has, for the studied scenarios, been shown that while TCH/AHS5.90 performance in asynchronous networks is robust regardless of TSC allocation great care must be taken when planning synchronous networks to secure that performance is not affected by unfortunate TSC allocations.
Regarding the ongoing discussion in GERAN1 on modeling of interfering TSCs for synchronous network simulations it is the sourcing company’s view that in order to provide accurate modeling of link level performance, interference characteristics such as outlined in this contribution needs to be taken into account. 
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