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1 Introduction
To evaluate the performance of a WCDMA-based HSDPA system, it has been assumed previously that the inter-cell interference can be modeled as AWGN. Concerns have been raised over the validity of this assumption to evaluate the performance of an OFDM-based HSDPA system ‎[1]. In this contribution, the validity of this assumption is discussed for both WCDMA and OFDM based HSDPA systems. An approach is also proposed to model the interference in realistic multi-cell propagation conditions.
2 Discussion

Several aspects need to be considered in order to properly address the problem of interference modeling in HSDPA systems. First of all, one has to consider the impact of the typical HSDPA traffic characteristics on the interference statistics. Secondly, the interference profile should be analysed considering realistic multi-cell propagation conditions. These two aspects are considered in the following sub-sections. 
2.1 Impact of Traffic
2.1.1 HSDPA Traffic Only (Model Used for the OFDM SI)
For the OFDM SI, it has been agreed to consider a system configuration based on HSDPA-only services ‎[2]. In that case, the interference statistics will be largely influenced by the statistics of the data traffic itself, and how it is being scheduled by the MAC-hs. The whole concept of MAC-hs scheduling is based on the assumption that the data traffic is generally bursty in nature, or that it can be queued and bursted over the link whenever the channel conditions are good for the target UE. The resulting Tx power profile for an HSDPA Node B is illustrated in Figure 1 for a partially loaded system.
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Figure 1: Tx power profile for an HSDPA Node B with burtsy data traffic and MAC-hs scheduling
For partially loaded systems, this leads to an interference situation which differs significantly from the situation experienced for systems oriented towards dedicated channels. If there is only a small number of strongly interfering cell, the interference might be modelled as packet “collisions”. The collisions between cells will lead to non-uniform interference levels across the sub-frame, since cells might not be synchronised. This is illustrated in Figure 2, where the SIR experienced at the beginning of the sub-frame is better than the SIR experienced during the collision with the dominant interferer.
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Figure 2: Packet collisions between two HSDPA Node B's
Note also that the variability of the interference could complicate the tasks of reporting a valid CQI and scheduling the packets properly. The SIR measured at one point by the UE and reported through the CQI might not correspond to the SIR actually experienced by the UE when that CQI is used to schedule a packet, even though the channel impulse response has not changed significantly over that same period of time.
It is important to note that both WCDMA and OFDM would be affected by typical HSDPA bursty interference. For partially loaded systems, this could lead to an error in the way interference is modelled in system-level simulations for both OFDM and WCDMA. Obviously, as the system load approaches 100%, the Tx power becomes more constant and the interference model becomes much closer to uniform AWGN in both cases. It would therefore be interesting to study the impact of the discontinuities in the interference levels in the time domain for both WCDMA and OFDM HSDPA systems under partial loads. Additionally, the case of interference discontinuity in the frequency domain is of interest for OFDM when frequency hopping is used (e.g. as proposed in ‎[3] and ‎[4]), or when the interfering signal is experiencing serious frequency selectivity. On the other hand, if frequency scheduling is used (as proposed in ‎[5], ‎[6], ‎[7] and ‎[8]), the interference model for each group of sub-carriers is probably closer to that of HSDPA based on WCDMA, i.e. only with discontinuities in the time domain for the interference level. The impact of interference level variations in the frequency domain will depend on the width of the frequency groups. In all cases, the fully-loaded case might be considered as a worse-case scenario.
2.1.2 Dedicated Channels

Although dedicated channels are not the focus point of the OFDM feasibility study, the impact of such channels on the interference modelling is of interest. It is clear that WCDMA is very well-suited to support dedicated channels. In this case, under partial loads, the different scrambling codes used by different cells will average the interference across the spreading codes used in each cell. Furthermore, given that there is usually as fairly large number of parallel dedicated channels and that no scheduling is involved, the interference level can be considered as rather constant. This leads to very good performance for WCDMA in realistic interference conditions for dedicated channels.
Even though it is not the main focus of this feasibility study, one could be interested to know if OFDM would be a good solution for dedicated channels. Since WCDMA provides really good performance for such channels, it would be desirable at least to maintain a similar level of performance if one wants to use OFDM to carry dedicated channels. Several solutions are possible to try to get the interference averaging effect in OFDM.
On possibility is to apply frequency hopping to the OFDM sub-carriers. In that case, OFDM becomes a frequency-hopped spread spectrum technology, in contrast with the direct-sequence spread spectrum technology (i.e. CDMA). Theoretically, both technologies should achieve similar capacities. However, the performance of frequency-hopped spread spectrum will be dependant on the channel coding scheme used in the system, given that the interference level is not constant from one hop to another. In the case of direct-sequence spread spectrum (CDMA), the interference may be modelled as AWGN.
Another interesting possibility is to mix direct-sequence spread spectrum with OFDM to obtain interference averaging. For instance, it is proposed by NTT DoComo in ‎[9] to perform some level of spreading and scrambling on the OFDM sub-carriers. Several variations on the same theme are possible to achieve interference averaging through a mix of direct-sequence spread spectrum and OFDM.
Note finally that the general trend towards packetization of voice services might lead to a disappearance of dedicated channels in future wireless systems. In that case, the observations made for HSDPA-centric systems in the previous section would also apply to real-time services such as voice telephony.
2.2 Interference Power Profile in a Realistic Multi-cell Environment

To assess the power profile of realistic interference, the cell layout described in TR25.892 should be simulated ‎[2]. This 19-cell layout is illustrated in Figure 3. All of the system-level assumptions listed in ‎[2] should be used (e.g. path loss, antenna pattern, log-normal shadowing, etc.). 
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Figure 3: Reference cell layout
Using this reference layout and simulation assumptions, it is possible to drop one UE in the system and compute its average received power from each of the 3x19=57 sectors. An example power profile is illustrated in Figure 4, for a case with only a small number of dominant sectors. The strongest sector is used to select the serving cell. The other sectors are then interfering with this desired signal.
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Figure 4: Example of received power profile for a case with a few dominant sectors.
2.2.1 Modeling of Individual Interference Signals

To evaluate the impact of this interference profile, one would probably not want to simulate 57 interfering signals at the link-level. It would be desirable to identify the primary sources of interference so that these can be modeled explicitly. The other sources (which are difficult to resolve individually) can then be considered as secondary sources and modeled simply as AWGN.
In this paper, it is proposed to consider the strongest interferers within 10dB of the strongest interferer as primary sources of interference. The sources of interference with an average power which is 10dB or more below the strongest source of interference are deemed secondary and can be modeled as AWGN. The sum of these secondary sources of interference therefore constitutes an interference “floor” (analogous to the thermal noise floor). Note that in the case of partial system load, this interference floor power would have to be scaled by the average system load.

An example of such a division between primary and secondary sources of interference is illustrated in Figure 5 (for the example power profile of Figure 4). In this case, only two sectors are within 10dB of the strongest source of interference (including this strongest interfering sector). Their relative average powers with respect to the desired signal are -9.5dB and -15.3dB. The total power of the other interference sources, i.e. the interference floor, is ‑18.2dB. One could therefore simulate this scenario by modeling the two primary interference sources as realistic signals with relative levels of -9.5dB and -15.3dB, and the other interference sources as AWGN with relative level -18.2dB (scaled by the average system load).
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Figure 5: Example of separation between primary and secondary sources of interference.
Note that the example case presented above illustrates a case where only two interfering signals are dominating the picture. To assess the distribution of the number of interference sources that can be considered as dominant sources, several drops of UEs have been generated using the system-level simulation assumptions. The resulting distributions for site to site distance of 2.8km and 1km are presented in Figure 6 and Figure 7 respectively. It can be noted that the case where only one interfering cell dominates represents a very small proportion of the UEs (5%). On the other hand, the case where 2 interfering cells are dominant represents almost 20% of the cases. Overall, the average number of dominant interferers is about 4.75. For a very large proportion of the UEs, it is clear that a large number of interfering cells are within 10dB, and therefore, that the central limit theorem should apply. Nevertheless, the proportion of cases with a relatively small number of dominant interfering cells is large enough to merit further study.
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Figure 6: Distribution of the number of primary (dominant) interferers for the reference cell layout and a 2.8km site to site distance, where primary interferers are within 10dB of the strongest source of interference.
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Figure 7: Distribution of the number of primary (dominant) interferers for the reference cell layout and a 1.0km site to site distance, where primary interferers are within 10dB of the strongest source of interference.
3 Conclusion
This contribution presents an analysis of the interference modeling for HSDPA systems. It is argued that both WCDMA and OFDM based HSDPA systems could suffer from the bursty traffic an opportunistic scheduling observed in a packet-centric network. It is therefore recommended that the impact of such interference should be studied for both WCDMA and OFDM HSDPA systems.
An approach to model the individual impact of interfering cells based on typical propagation conditions and cell layouts has also been proposed. It is suggested to consider only the interfering cells within a 10dB average power margin of the strongest interfering cells as primary sources of interference, and to explicitly model this interference (i.e. with explicit modulated signal generation). The cells that are producing an interference level 10dB below the strongest interfering cell are deemed negligible when considered individually. It is therefore proposed to model the sum of these secondary sources of interference as AWGN.
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� For instance, if the system is 50% loaded on average, the interference floor power should be 3dB lower than that for a 100% system load.
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