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1. Introduction

At the last RAN1 meeting, Nokia expressed a wish to see the OFDM performance simulation results for Huawei’s latest user traffic multiplexing scheme [1]

 REF _Ref55036345 \r \h 
[2], in some typical inter-cell interference scenarios with realistic cell loads, before the Huawei’s text proposal for the user traffic multiplexing is approved for inclusion in the Section 6.2.4 of TR25.892. 

Therefore in this contribution we present simulation results for the OFDM user traffic multiplexing from [1]

 REF _Ref55036345 \r \h 
[2], under a number of realistic inter-cell interference scenarios.

2. Simulation results

Link simulations have been performed according to the general set-up illustrated in Fig. 1 and following the characteristics listed in Table 1. The received signal is corrupted by an additive downlink (DL) coloured inter-cell interference and white Gaussian noise. The inter-cell interference is assumed to be generated by a single neighbouring cell. The DL intra-cell interference, in CDMA systems arising from the multipath propagation, does not exist in OFDM systems as long as the maximum channel delay is smaller than the cyclic prefix, so it is assumed to be zero in the simulations.

The BLER of the HS-DSCH is evaluated for a range of values of the geometry factor G, defined as
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 is the average total received power from the serving cell, Ioc is the average total power received from the surrounding cells, and N0 is the noise power (thermal and equipment). 
The HS-DSCH is modulated using OFDM parameter set 2 for which 15 physical channels are defined according to the mappings in [1]

 REF _Ref55036345 \r \h 
[2]. A service in the serving cell is characterized by a transport block size of either 320 or 1280-bit, so it uses either 1 or 4 out of 15 available physical channels. The BLER is calculated by a CRC-check on the block of data obtained from all employed physical channels together.

The interfering signal is assumed to consist of a various number of OFDM physical channels: 2, 4, 8 or 15 out of 15 possible physical channels. In other words, the load of the neighbouring cell varies from 2/15 to 15/15. Furthermore, the interfering signal passes a multi-path fading radio channel with the same characteristics (but independently generated) as the desired signal.

The inter-cell interference from a neighbouring cell is generated by using the same time-frequency mapping patterns as in the serving cell, according to the algorithm defined in [1]

 REF _Ref55036345 \r \h 
[2]. Namely, in all cells, the time-frequency mapping patterns in a TTI are cyclically time-shifted by a cell-specific offset, corresponding to an integer number of OFDM symbols. The time offset is changed for each TTI, according to a cell-specific multi-level pseudo-random sequence.
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Fig. 1. Simulation setup

Table 1: Simulation parameters

	Parameter
	Value

	OFDM parameters
	Set 2 [3]

	Transport block size 
	320 or 1280 information bits (not including 24 CRC-bits)

	Number of raw bits per TTI
	960 or 3840 raw bits

(1 or 4 physical channels each carrying 480 QPSK-symbols)

	Channel model
	Veh. A 120km/h and 30 km/h, Ped. A3km/h and Ped B 3km/h

	Channel estimation
	Ideal

	Number of simulated transport blocks
	Monte Carlo simulations stopped after 200 detected block-errors or after 20000 processed blocks.

	Turbo decoder
	Based on log-MAP algorithm and employing up to 8 iterations


2.1 First scenario: 1 physical channel in serving cell and 100% coloured interferer

In the first simulated scenario, the serving cell employs 1 physical channel (the transport block size is 320 information bits). Furthermore, the inter-cell interference dominates over the noise. It is assumed that 100% of the additive interference plus noise is due to the inter-cell interference and 0% due to the thermal noise, i.e.,


[image: image4.wmf]1

0

=

+

N

I

I

oc

oc

.

The simulation results are plotted in Fig. 2. When the cell load in the interfering cell increases the link-performance improves. This perhaps somewhat counterintuitive result is explained as follows. 

When we compare the BLER for a given geometry factor, the total power of the interference is fixed. By increasing the load in the neighbouring cell, the interfering power is distributed over more physical channels, with different time-frequency mapping patterns resulting in more randomized hits with the patterns in the serving cell. In that way the interfering signal becomes more like a white noise. Although more collisions will occur with the desired signal, these collisions will be less severe as the power in each of the physical channels is lower.

This means that by increasing the load in the interfering cell the interference becomes more white-like. Therefore the Fig. 2 contains for each channel a reference curve obtained assuming that the interference is completely white, i.e. where Ioc/N0=0. These reference curves help to estimate the loss in performances due to the inter-cell interference.

The performance in the serving cell for a high-to-medium cell load in the interfering cell is about 3dB worse than in the ideal case without inter-cell interference. This is because the fading channel through which the interfering signals are fed makes the interference still coloured (even if the source of interference is whitened to large extent), resulting in performance degradation compared to the case when the interference is completely white.
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Fig. 2. BLER for various realistic cell loads in the neighboring cell, the serving cell has 1/15 load. 100% interferer.

2.2 Second scenario: 4 physical channels in serving cell and 100% coloured interferer
In the second simulated scenario, the serving cell employs 4 physical channels and the transport block size is 1280 bits. As in the first simulation scenario, the inter-cell interference dominates over the noise and, again,
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The simulation results are plotted in Fig. 3. The transmit power is now used to convey 4 times as many information bits compared to the previous case, so the performance in absolute terms is degraded by about 6dB compared to the first simulation scenario. In relative terms, however, the same observations as for the first simulation scenario hold.
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Fig. 3. BLER for various realistic cell loads in the neighboring cell, the serving cell has 4/15 load. 100% interferer.

2.3 Third scenario: 4 physical channels in serving cell, 50% coloured interferer and 50% white noise

In the third simulated scenario, the serving cell employs 4 physical channels and the transport block size is 1280 bits. Now, the inter-cell interference and the white noise have equal average power, i.e.,
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The simulation results are plotted in Fig. 4. Observe that in this scenario the performance degradation of the interference curves compared to the white-noise-only case has decreased to about 1-2 dB. This is in line with what we can expect from whitening the interference.
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Fig. 4. BLER for various realistic cell loads in the neighboring cell, the serving cell has 4/15 load. 50% interferer, 50% noise

3. Conclusions

The simulation results for the OFDM user traffic multiplexing under realistic inter-cell interference have proved that Huawei’s solution for the user traffic multiplexing based on the sets of time-frequency mapping patterns is a solution that actually benefits from increased loads of the interfering cells.

In this way the question raised by Nokia on the previous meeting is positively answered and therefore there should not be any remaining obstacle to approve the corresponding text proposal [1] for the inclusion in the TR.
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