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1 Introduction

In meeting 52bis, (Miyazake Oct 2009) the nature of non-Gaussian interference on receiver performance was discussed in [1]. Since that time further work has been carried out to develop realistic non-Gaussian noise patterns based on 3GPP simulation assumptions. These patterns are now being used in some LTE field trials to emulate in a consistent way the impact of adjacent cell uplink interference without the need to deploy large numbers of neighbour cell UEs. 

This presentation reiterates from [1] the reasons why non-Gaussian interference is a better predictor of real life conditions than the simplified Gaussian model used in the majority of current LTE receiver performance requirements. With this in mind it is proposed to further study this issue with the possible outcome that performance requirements based on non-Gaussian interference could be developed.
2 The evolution of interference
2.1 CDMA interference

In UMTS, all W-CDMA transmissions occupy the entire channel bandwidth. User multiplexing within the cell is done in the code domain and therefore the interference signal is generated by multiple sources transmitting on the same physical resource in the neighbour cell. The aggregation of such interference signals creates a uniform Gaussian interferer even when the individual transmissions may be statistical in their presence due to packet scheduling. The use of different spreading codes rather than transmission power as the primary method of altering data rates further adds to the uniform nature of the interference.

The original receiver performance requirements for UMTS were defined relative to known levels of Additive White Gaussian Noise (AWGN). Such noise accurately models the effect of inter-cell co-channel interference as seen by a RAKE receiver. Newer advanced receiver architectures based on interference cancellation require a more coloured interference signal comprised of partially or fully coded interference signals. This enables the algorithms of the advanced interference receiver to demonstrate performance gains over what is possible with the same coloured interference using the simpler RAKE receiver.

2.1 OFDMA interference

In OFDMA systems the primary method for altering data rates is partial allocation of the RB in the channel. User multiplexing is done dynamically in the frequency domain (except in the case of MU-MIMO) and thus the inter-cell interference may sometimes be dominated by a single narrowband interferer at the cell edge. This coupled with the TDMA nature of allocations creates a much less uniform interference signal. Depending on the traffic mix and use of frequency-selective scheduling, the resulting interference signal could vary widely in both frequency and time compared to that produced by CDMA systems. The use of inter-cell interference coordination (ICIC) and partial frequency reuse will limit the impact of intercell interference but at the expense of cell edge capacity.

The receiver performance requirements for LTE were developed using the basic AWGN model although this has been augmented in some cases by a partially allocated interferer with additional fading applied. However, in any operational network the nature of the cell edge interference in the downlink at the UE, and the uplink interference at the eNB, will be far from Gaussian or even a partially allocated signal. A loaded system will typically be operating in noise limited conditions so the aspect of receiver behaviour in the presence of realistic noise deserves study. Initial simulations for the uplink suggest that AWGN is an accurate predictor of performance for users near the cell centre but for cell edge users, AWGN may overestimate throughput by 50% compared to a more realistic interferer.
3 Adapting to interference
The primary method for adapting to interference is the use of CQI. For UMTS, the relatively uniform nature of the interference means that at lower speeds the CQI reports can be used to adjust the modulation and coding schemes to achieve a desired BLER e.g. 10%. At higher speeds the variation in interference power due to fading will exceed the ability of the CQI feedback loop to follow the interference and the system will fall back to using an average MCS to achieve stable performance.
LTE will also use CQI to indicate the channel capacity although this is significantly more advanced over the UMTS case due to the ability to report narrowband CQI and the narrowband frequency-hopping TDMA nature of the interference.

In the UMTS case, from one subframe to the next the interference level variation will be relatively low meaning that the AMC control loop can react to local conditions and follow the channel conditions. With LTE the frequency and time domain variation of the interference is much higher. From one subframe to the next a dominant narrowband interferer may come and go meaning there is a significant possibility that by the time of the next allocation, the interference conditions reported by the CQI may have completely changed resulting in lost capacity either through a block error or transmission of too low a data rate.
When a high degree of frequency and time domain variability in the interference exists, in addition to that caused by the fading characteristics, the closed loop will be less able to follow the channel conditions and the system will fall back to lower performance averaging. The point at which this happens will depend on the traffic mix, the persistence of allocations and the degree to which frequency selective scheduling is employed.
4 Performance test using realistic interference patterns
4.1 Simulation assumptions 

The following simulation assumptions based on [2] were used by Nomor Research to develop realistic and repeatable uplink interference patterns for use in LTE field trials.
	Parameter
	Value

	Simulation time 
	1 second

	eNB distribution 
	19 cell 

	User distribution
	Uniform within cell*

	User mobility
	Random directed walk*

	User speed
	3 km/h

	UE Tx power
	24 dBm

	Path loss
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	UL antenna configuration
	1x2 (MRC at eNB)

	Channel model
	Typical Urban   (6  rays) 

	Shadowing
	Lognormal fading UMTS 30.03, B 1.4.1.4 

(8dB standard deviation, 5m correlation distance)

	Thermal noise at eNB
	-129.24 dBm

	Power control
	Fractional power control
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	Antenna gain at eNB
	14 dBi

	Antenna pattern (2D)
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	Antenna gain at UE
	0 dBi

	System bandwidth
	10MHz

	Carrier frequency
	2.5GHz

	Inter-site distance
	500m

	Duplexing mode
	FDD


* A uniform user distribution across the cells, as chosen, provides a representative scenario, but the impact of user mobility causing non-uniform distribution in a 1-second file is limited.
From the above baseline assumptions two different scenarios were simulated: 

Class 1: Full Buffer Traffic

· 17 UEs in RRC connected state

· Full transmit buffers

· 2 PRBs per UE per TTI

· 70% cell load

· Proportional fair scheduling with periodic wideband sounding

Class 2: VoIP

· 400UEs

· 14kB/s VoIP calls (RTP)

· 2 PRBs per UE per TTI

· Approx. 70% cell load

· Semi-persistent scheduling

4.2 Simulation results for Class 1: Full Buffer Traffic

A snapshot of the inter-cell interference signal can be seen in Figure 1. The length shown in the figure is 50 ms (50 TTI) across the whole 10 MHz bandwidth (600 sub-carriers). In Class 1 there is a limited number of users in the neighbour cells each having a high data rate and thus there are strong variations in the inter-cell interference since the interference is dominated by few interferers or even a single interferer located at the cell edge. Overall it can easily be observed that the inter-cell interference is quite different from white Gaussian noise having a significant impact on the system performance. The load in the neighbour cells is 70%. Therefore there are also PRBs experiencing a very low interference level, since it can happen that by chance no user is being scheduled in the direct neighbour cells. 

[image: image6.png]-85

-90

-95

-100

-105

-110

-115

-120

40

30

20

-125

10

-85 —

o
S

-95

<--- [wgp] semod

=)

adualslisul N

115

-120

-125

400

600

200

TTlindex --->

<--- subcarrier index




Figure 1: Uplink inter-cell interference snapshot for class 1 full buffer scenario

Different users might be scheduled from TTI to TTI causing strong interference variations, but users might also continuously be scheduled on the same PRBs for some time. If the latter happens for a dominating interferer we can see a slowly changing interference power caused by the user mobility and by power control.  

4.3 Simulation results for Class 2: VoIP

The same kind of signal snapshot for scenario class 2 is shown in Figure 2. The interference variations across time and frequency look quite different for this scenario since there are a very large number of users each having small resource allocations.
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Figure 2: Uplink inter-cell interference snapshot for class 2 VoIP scenario

4.4 Application in LTE field trials 
Offline simulated interference files as described above are currently being used in some global multi-vendor field trials for system performance testing. The uplink inter-cell interference signal of a multi-cell LTE network is reproduced by the system level simulation as described above and is physically generated by a signal generator that couples interference into the eNB receive chain. Using this repeatable method allows the characterization of system performance in early networks prior to the availability of large numbers of real users in adjacent cells. 
5 Impact of non-Gaussian interference on performance
In [1] it was shown that for the uplink, users near the cell centre did not experience much difference with the OFDM interferer from AWGN. This is due to the fact that at the cell centre the interference is largely aggregated from multiple sources. However, at the cell edge, the simplified AWGN predicted 50% higher throughput than would have been achieved using more realistic interference.
As yet no simulations have been performed for the impact on the downlink. Clearly, for the use of dynamic interference to make any sense, it would be necessary to also simulate the impact of closed loop CQI with narrowband scheduling.
6 Summary

Cell edge performance is a major driver of end user experience. Targets for LTE were set during the study phase and non-Gaussian interference was part of the system level simulations. Most LTE receiver performance requirements will be measured using simplified AWGN with some requirements being developed for the partially allocated/faded interferer. However, there currently exist no performance requirements that test the behaviour of UE and eNB receivers in the presence of the kind of interference which will be most prevalent during normal operation. This differs from UMTS where the use of AWGN is known to be realistic. The impact of using simplified AWGN interference on LTE performance is unclear although the limited study done so far for the uplink shows an artificial throughput gain of 50% due to the use of AWGN. The value of realistic inter-cell interference modelling has been recognized in some LTE field trials.  Simulated uplink interference files are used to characterize system performance prior to the availability of large numbers of real users. 
It is proposed that the issue of non-Gaussian interference on system performance is studied further to better understand the interference conditions under which system level cell edge targets were set and whether a need exists to develop link level performance requirements under typical OFDMA interference conditions. 
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