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1 Introduction
In RAN#51 a study item was proposed on further enhancements to LTE TDD for DL-UL interference management and traffic adaptation. The principal idea is to allocate subframes to UL or DL dynamically in different cells [1].
In this paper we discuss the impact of traffic model and user distribution assumptions on coexistence study of TDD systems with different UL/DL configuration.
2 Discussion on user distribution

In [2], the methodology for coexistence simulations between E-UTRA, UTRA and GERAN is described. According to [2], simulations to investigate the mutual interference impact are based on snapshots where users are randomly placed in a predefined deployment scenario (Monte-Carlo approach). In this case, the users are uniformly distributed in the whole cell area, thus we can term this as uniform user distribution. Alternatively, we can also study the case when a particular hotspot is considered inside the cell area, where all the users are concentrated inside the hotspot area. This kind of user distribution can be termed as hotspot user distribution. In this section we will show the impact of user distribution on the system throughput.

In the first scenario, we consider one hotspot in each cell whose position is uniformly distributed within the cell area. Victim and aggressor UEs are uniformly distributed within hotspot with a radius of 10m. The scenario is illustrated in Figure 1.
Figure 2, shows another scenario where users are uniformly distributed over the entire cell. We consider the two user distribution in Figure 1 and Figure 2 for the coexistence studies.

We consider co-sited aggressor and victim systems with re-use factor of 1. A total of 19 sites with three-sectors on each site, thus, 57 cells are simulated. The inter-site distance (ISD) is taken as 500 m. Carrier frequency is 2.5GHz.


[image: image1]
Figure 1 Hotspot user distribution: all users are located inside a hotspot location, which is located anywhere inside the cell area.
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Figure 2 Uniform user distribution: users are randomly distributed inside the whole cell area
When an UL transmission interferes a DL reception (and a DL transmission interferes an UL reception), then User Equipment (UE) to UE interference (and Base Station (BS) to base station interference) is experienced. This occurs in addition to BS-to-UE and UE-to-BS adjacent channel interferences similar to FDD/FDD coexistence scenario.

BS-to-BS interference can be handled with filters, site solutions and guard bands. This is a relatively “simple” deterministic problem given a certain deployment scenario. In this case, carrier and/or operator specific filters can be implemented at the BS side. UE-to-UE interference is more challenging to handle with filters. Unlike BS-to-BS interference case, special filter solutions at UE appears to be infeasible due to cost, size, etc. Also, when a user is roaming, then the UE may need to transmit and receive in many other bands (compared to home operator bands), which may also increase the filter design costs.

In this section, we describe some representative results on UE-to-UE interference case. We assume two TD-LTE systems as it is shown in Figure 3. 
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Figure 3 Two neighboring TDD systems separated by a guard band
The parameters used for the simulations are listed in Table 1.
	TDD BS output power
	43dBm

	TDD MS maximum output power
	22dBm

	TDD BS antenna height
	30m

	MS antenna height
	1.5m

	TDD BS noise figure
	3dB

	TDD MS noise figure
	7dB

	TDD BS antenna gain
	18dBi

	TDD MS antenna gain
	0dBi

	Azimuth angle for HPBW
	65deg

	Elevation angle for HPBW
	6.5deg

	Mechanical antenna down tilt
	8.0deg

	Aggressor bandwidth
	20MHz

	Victim bandwidth
	20MHz

	UL power control (ULPC)
	3GPP baseline fractional power control

	UL SINR target for ULPC
	10dB

	M0

	6PRB

	Pathloss compensation factor, 
[image: image4.wmf]a


	0.8


Table 1 System parameters

We present the throughput results when 2 TDD systems with 20MHz of bandwidth are operated next to each other in spectrum, separated by certain guard bands. Throughput results for both uniform and hoptspot case are presented in Figure 4.
In this case, a single UE is scheduled in each cell of the aggressor system. The aggressor UE is allocated all of 96 PRBs in each cell. Thus, we have wideband aggressor UEs neighboring to the victim UEs. 
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Figure 4 Throughput results when both hotspot and uniform user distribution are assumed

In Figure 4 we present the Cumulative distribution function (CDF) of DL data rates in bps/Hz as a function of guard band between the systems. Guard bands are defined as shown in Figure 3. For the purpose of comparison, we also include the performance of the system when no UE-to-UE interference is considered. We denote the plot as “No-coex” in that case. 
In Figure 4 a load factor of 50% is used. For a load factor of 1, the neighbouring cells always schedule a wideband UE. For 50% load factor, there is 50% probability that a cell schedules a UE in the adjacent channel.   

Since one single wideband aggressor UE is scheduled per aggressor cell, we can see Figure 4 that the impact of the interference caused solely due to transmitter leakage is very strong. Thus, the guard band dependency is still visible. In case of low load factor, this dependence is even more visible (as shown on the right hand side of the figure). For the higher load factor case, the inter-cell interference from the same system is much higher compared to UE-to-UE interference, thus, the improvement using guard band is much smaller, while the improvement due to guard band is more visible when load factor is lower (i.e. inter-cell interference from the same system is smaller).
In uniform user distribution case, for any load factor with any guard band implementation, the problem seems to be not visible from UE-to-UE interference point of view.
3 Discussion on traffic model

According to [2], for E-UTRA coexistence simulations, users are randomly dropped inside a cell and full buffer traffic is used with round robin scheduling. This is probably enough for static UL/DL coexistence, where rel. 8 TDD cells run different UL/DL asymmetries. However the idea of TDD cells with dynamic UL/DL configuration is based on following the traffic behaviour in a cell. Therefore it seems that a more realistic (dynamic) traffic model needs to be considered for the coexistence study. It is for further study to identify the traffic model that is suitable for flexible UL/DL TDD coexistence simulations. 
4 Summary

UE-to-UE interference is a challenging issue in hotspot scenario compared to uniform user distribution. For uniform user distribution across the cell area, the UE-to-UE physical distances are usually higher, thus UE-to-UE interference is insignificant.

It is for further study to identify the traffic model that is suitable for flexible UL/DL TDD coexistence simulations.
5 References

[1] RP-110450, 3GPP TSG-RAN Meeting #51, “New study item proposal for further enhancements to LTE TDD for DL-UL interference management and traffic adaptation”, CATT, Ericsson, ST-Ericsson
[2] 3GPP TS 36.942, “Evolved universal terrestrial radio access; radio frequency (RF) system scenarios (release 10)”







































































































































� This is a parameter in the FPC algorithm, which denotes Number of PRBs for which SNR target is reached with full power.
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