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1 Introduction

System simulations for the OFDM SI [1]

 REF _Ref71616661 \r \h 
[2]

 REF _Ref71616662 \r \h 
[3] have used the EESM metric in [4]

 REF _Ref71616734 \r \h 
[5]

 REF _Ref70393721 \r \h 
[6] as an interface to model the link performance. One of the assumptions has been that the interference from other neighbouring cells is white Gaussian noise. In earlier contributions [7]

 REF _Ref71616758 \r \h 
[8] we have shown that the presence of realistic interference may change the performance of OFDM significantly. In [8] we have also shown that the EESM metric may also be used to model realistic interference. 

Now, in this contribution, we present system simulations results where the EESM metric takes into account realistic interference. We show that this changes the distribution of the effective SIR compared to a white Gaussian noise scenario and therefore also the system performance in terms of cell throughput.

We employ the user multiplexing scheme documented in [6] and show that the cell throughput of OFDM increases compared to simulations with a white Gaussian noise assumption. The distribution of effective SIR in OFDM in general shifts towards higher SIRs in dispersive and non-dispersive channels. In particular, we show that even in a flat-fading environment like Pedestrian A, OFDM yields higher throughput than a CDMA-MMSE receiver. The user multiplexing scheme in OFDM suppresses the inter-cell interference better than the CDMA user multiplexing and scrambling code does.

The document is organized as follows. In Section 2 we outline the simulation assumptions. Section 3 contains simulation results and Section 4 summarizes the most important conclusions.

2 Simulation Assumptions

Table 1 shows the simulation assumptions used in system simulations. They are basically taken from [6]. Different from the assumptions in [6] is that realistic interference is taken into account in the effective SIR metric used to model the link level performance. The effective SIR is computed as in [7]

 REF _Ref71616758 \r \h 
[8] assuming that 6 equally strong cells each with 5 physical channels interfere with the target signal. 

A second difference with [6] is that another set of transport formats (the set defined by UEcat10 table in [9]) is added. Figure 1 shows the AWGN BLER tables for both sets of transport formats used by the simulator along with a distribution of the geometry in the network. This geometry includes aspects as path loss, antenna gain and shadow fading.

Note that the 15-code table does not cater any transport formats for users with an effective geometry lower than –2dB, whereas, from the geometry distribution, it is likely that quite a fraction of all the users will have such low geometries (considering that channel dips due to fast fading are not accounted for in the plotted distribution). These users will have to report ‘out of coverage’ and will not participate in the scheduling even when a fair round-robin scheduling scheme is employed. The additional second set of transport formats supplies transport formats for the weak users in the network too, by offering formats for geometries as low as –15 dB. This accounts for a more fair resource allocation scheme at the price of a decreased cell throughput. 

Table 1: Simulation parameters

	Parameter description
	Value

	Cell pattern
	Hexagonal as in [6] , site-to-site distance 2800 m

	Node B
	Total power / assigned to HS-PDSCH
	20 W / 16 W

	
	antenna gain
	14 dBi

	
	antenna pattern
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	Slow fading
	Standard deviation
	8 dB

	
	
	Correlation between sites
	0.5

	
	Fast fading
	Pedestrian A and B, 3 km/h

	UE
	Thermal noise
	Power density -173.9 dBm/Hz measured in 5MHz

	
	UE noise figure
	9 dB

	
	Antenna pattern
	0 dBi

	H-ARQ
	Delay from CQI-report to 1st transmission
	6 ms

	
	Delay between retransmissions
	12 ms

	
	Maximum number of transmissions
	4

	Transport formats
	15-code table in [6] and UE category 10 in [9]

	User traffic multiplexing
	As in [6], Section 6.2.4.1, with random physical channel allocation to traffic channels in each TTI.
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Figure 1: The distribution of the geometry in the hexagonal network and the BLER of the two sets of transport formats that are used in the simulations.

3 Simulations results

Table 2 and Table 3 how the cell throughputs in Mbit per second for the various simulation runs. A round-robin scheduler is used and thus the cell-throughput is independent on the number of users in the system. We make a number of observations:

1. The white Gaussian assumption made in [1]

 REF _Ref71616661 \r \h 
[2]

 REF _Ref71616662 \r \h 
[3] yields pessimistic cell throughputs for the OFDM modulation scheme, especially when transport block formats are in use, employing less than 15 codes. The realistic interference simulation shows gains of up to about 25% over the white Gaussian interference simulations (compare 3rd row with 4th row in Table 2 and Table 3).

2. Generally, simulations using the 15-code transport formats provide higher cell throughputs. This is because many users have so low geometry that they report ‘out-of coverage’ (none of the available MCSs can be accepted by the UE with 10% BLER) and thus are ignored by the scheduler This leaves only users with better geometry, with larger block sizes, and thus a higher cell throughput. The UEcat10 simulations also allow weak users to participate.
3. The gain of OFDM over MMSE depends on the transport formats in use. For the 15-code table, the gain of OFDM over CDMA-MMSE is up to 10%, for the Uecat10 table it is about 30% (compare 3rd row with 2nd row in Table 2 and Table 3). For the 15-code table all transport formats use 15 codes and hence all interfering power actually strikes on the desired signal. For UEcat10 transport formats, many MCSs use fewer than 15 codes and avoid a portion of the interference power due to the user-multiplexing scheme.

Table 2: Cell throughput for transport formats from the 15-code table in [6] and Round-Robin scheduling

	Cell throughput [Mbps]
	Pedestrian A, 3 km/h
	Pedestrian B, 3 km/h

	CDMA-RAKE
	4.8
	2.7

	CDMA-MMSE
	5.0
	4.4

	OFDM (realistic interference)
	5.2
	4.9

	OFDM (white noise interference)
	4.9
	4.7


Table 3: Cell throughput for the transport formats in UEcat10 table in [9] and Round-Robin scheduling

	Cell throughput [Mbps]
	Pedestrian A, 3 km/h
	Pedestrian B, 3 km/h

	CDMA-RAKE
	2.5
	1.4

	CDMA-MMSE
	2.7
	2.2

	OFDM (realistic interference)
	3.2
	2.9

	OFDM (white noise interference)
	2.6
	2.7


For illustration, Figure 2 and Figure 3 show the recorded effective geometies (the scaled post-receiver effective SIR) for the respective runs. The effective SIR was recorded only for the 1st transmissions of any transport block. (Retransmissions yield higher effective SIRs but these are not recorded here). Notice how OFDM users report generally higher effective SIR (and thus higher CQIs) than both CDMA scenarios. This is also observed in [3]. Note also that no UEs in the 15-code scenario report effective SIRs below -2dB – these users are out-of-coverage and are not served by the system.
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Figure 2: Distribution of the effective geometry for the 15-code table simulations. PA3 (left) and PB3 (right). CDMA-RAKE (top), CDMA-MMSE (middle) and OFDM (bottom).
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Figure 3: distribution of the effective geometry for the UEcat10 table simulations. PA3 (left) and PB3 (right). CDMA-RAKE (top), CDMA-MMSE (middle) and OFDM (bottom).

4 Conclusions

In conclusion, full-queue system simulations illustrate that

· The choice of the available transport formats in the system simulation has significant impact on the observed gain of OFDM over CDMA-MMSE. This gain increases when the network serves more users with low geometry.

· Not only does OFDM increase the cell throughput over CDMA-MMSE in dispersive channels, it also improves the cell throughput in a flat fading channel.

· The white noise assumption for the inter-cell interference in general gives pessimistic results for the improvement of OFDM over CDMA-MMSE. A throughput gain over CDMA-MMSE of up to 30% can be observed in all channels when realistic inter-cell interference is taken into account. This gain is more significant than when the interference is modelled as white Gaussian noise.
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