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1 Introduction

Receiver performance requirements for UMTS were defined relative to known levels of Gaussian noise which accurately models the effect of inter-cell co-channel interference. More advanced interference cancellation receivers require a more realistic signal comprised of partially or fully coded interference signals to enable the interference cancellation algorithms in the receiver the chance to differentiate between wanted and unwanted signals. In LTE the initial receiver performance requirements were developed using the simplified AWGN model although this has been recently augmented with use of a partially allocated interferer with additional fading applied. However, in any operational network the nature of the cell edge interference in the downlink, and the uplink interference at the eNB, will be far from Gaussian or partial static allocation. Since performance in marginal conditions is critical to overall network performance this aspect of behaviour deserves study. Initial simulations for the uplink case 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.
2 Interference characteristics

In UMTS, all W-CDMA transmissions occupy the entire channel bandwidth. 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.
In OFDMA systems the primary method for altering data rates is partial allocation of the RB in the channel. 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.
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 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.
A simulation of uplink interference was carried out by Signalion with the simulation assumptions based on the system level simulations in the LTE study phase as follows:

	Parameter 
	Value 

	Number of users 
	At least 10 (20, depending on scenario class) 

	Initial user distribution 
	Uniform within cell 

	User mobility 
	Random directed walk, “reflection” at cell boundary 

	User speed 
	3 km/h 

	UE TX power 
	24 dBm (250 mW)  

	Path loss 
	128.1 dB + 37.6 dB * log10(d/km) (typical urban)  

	UL antenna configuration 
	1x2 (RX diversity at eNB) 

	Channel model 
	Typical Urban, Pedestrian A 

	Shadowing 
	Lognormal fading UMTS 30.03, B 1.4.1.4 

(8dB standard deviation) 

	Thermal noise at eNB 
	-129.24 dBm 

	Scheduler 
	Proportional fair (FB) and frequency/time based scheduling with periodic wideband sounding 

	Power control 
	Fractional power control 

	Antenna gain at eNB 
	14 dBi 

	Antenna gain at UE 
	0 dBi 

	Bandwidth 
	10 MHz 

	Carrier frequency 
	2.5 GHz

	Inter-site distance 
	500 m


The simulation result is given in figure 1.
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Figure 1: Simulation of uplink interference vs. time and frequency (Signalion)
Clearly there will be a large variation in the interference depending on the traffic mix, channel conditions and scheduler behaviour but the intent here is to highlight just how far the static AWGN case or the persistent partially allocated faded case are likely to be from operational interference.
4 Impact of non-Gaussian interference on performance
The interference example from Figure 1 was used in a simulation of uplink performance (Signalion).
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Figure 2: Simulation of uplink performance gains due to use of simplified AWGN interference

The simulation showed that for users near the cell centre, it made little difference if the interference was generated from multiple real users or from simplified 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.

5 Summary

Cell edge performance is a major driver of end user experience. Targets for LTE were set during the study phase although the extent to which non-Gaussian interference was included in the system level simulations is unclear. 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 accurate (except for interference cancellation receivers). The impact of using simplified AWGN interference on performance is unclear although the limited study done here for the uplink showed an artificial gain of 50% due to the use of AWGN.
It is proposed that this issue 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 performance requirements under typical OFDMA interference conditions.

