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1. Introduction

Interference mitigation by Inter-cell-interference co-ordination/avoidance has been agreed to be covered for the evaluation of the new DL scheme in the TR 25.814. In this document we provide system simulation results for the downlink OFDM modulation interface using an interference coordiation scheme with a network power planning. For reference it is referred to the contributions [2]

 REF _Ref125269344 \r \h 
[4]. The systems with interference coordination and without interference coordination are compared. In the system without interference coordination a scheduler is used that tries to increase the sector throughput under the cell edge bitrate constraint. 

Further the features of HARQ and link adaptation are actually modelled.

2. Cell layout

For the simulation the usual sectorized cell layout as given in Figure 1 was used. As previously proposed and described the interference coordination bases on a distribution of restrictions across neighboring sectors. For that as proposed, a network restriction planning with re-use factor of 7 is used. A resource structure is assumed where the OFDM transmission resources can at least be partitioned in 7 subsets 
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. In this simulation the frequency subset consists of frequency diverse frequency patterns. So in sector 
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 is restricted in power (by 10 dB). 

This planning is shown in Figure 1 where the number 
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 in each sector indicates a restriction of frequency subset 
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. Here the distribution of restrictions across the sectors is shown with a repetition factor of 7.
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Figure 1: Restriction planning in cell layout used for simulation

This repetition is obtained if as shown in Figure 2 the sectors are drawn as hexagons and a hexagonal cell planning with re-use factor 7 is carried through.

So according to the planning terminals T that “see” a certain sector of number 
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 as their strongest neighbor report this back and get preferably scheduled in downlink on frequency subset 
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 where they experience less interference. If this frequency subset is not sufficient e.g. if there are multiple terminals in the border region to the same neighbor sector also other frequency subsets with no improved SIR are used for scheduling to this terminal.

These constraints can be realized by constraints in the scheduler as captured in the RAN1 internal TR 25.814 [5] 
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Figure 2: Restriction planning showing the sectors as hexagons

3. Simulation conditions

The simulation conditions are given in the following table following the simulation assumptions[5].

Parameter
Assumption

Bandwidth
5 MHz

TTI length
0.5 msec

Cell layout
Hexagonal grid, 19 cell sites, 3 sectors per site

Inter- site distance
1732m as default, variation of ISD if possible within the time frame

Minimum distance between UE and cell site
35 m

Antenna pattern
70-degree sectored beam

Distance dependent path loss
128.1 + 37.6log10(r)

UE transmission power
21 dBm (125 mW)

Penetration loss
20 dB

Shadowing standard deviation
8 dB

Shadowing correlation between cells/sectors
0.5 / 1.0

Multipath delay profile
6-path GSM Typical Urban

UE speed
3 km/h (fD = 5.55 Hz)

Number of receiver antennas
1

Multipath interference
Ideal suppression

Table 1 – System Simulation Parameters 


To simulate the HARQ transmission the physical layer BLER curves from OFDM were used using frequency diverse frequency patterns.

Further the following set of basic techniques were applied in the simulations

1. HARQ

· Chase combining for simplicity

· 6-channel SAW same as HSDPA (Round trip delay set to be 6TTI)

2. Scheduler

· The scheduler for the system  without Interference Coordination was elaborated to maximize the sector throughput under the cell edge bit rate constraint. It can be considered the best possible scheduler for this comparison The scheduler for the system with Interference Coordination uses the improved cell edge rate in the preferred frequency subsets to increase the average sector throughput.


· Control delay is 4 TTI same as HSDPA

3. AMC

· AMC is controlled only by one serving BS.
As traffic model full buffer model from the TR was assumed.

4. Results

The experiment was carried out for the cases of no network power planning using a tuned scheduler and it was carried out for the case of network power planning with a scheduler that tries to benefit from the reduced interference on frequency subsets for terminals in the border region. Figure 3 shows the CDF of the terminal throughput for both cases. As preliminary result the setting for a higher cell edge bit rate was selected. It lead for the scheduler without interference coordination to a 5% cell edge bitrate of 49.5 kbit/s and for the scheduler with interference coordination to a 5% cell edge bitrate of 57.0 kbit/s, that were achieved. 
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Figure 3: Results of the mobile throughput CDF using No Interference Coordination (NoIC) and using Interference Coordination (withIC)

The results for the 5% CDF user throughput for both cases are given in the following table.


No Interference Coordination
Interference Coordination with network power planning

5% CDF user througput
49,5 kbit/s
57.0 kbit/s

Average mobile througput
132 kbit/s
162 kbit/s

Further it is shown the average mobile throughput for both cases. 

Here it can be seen that with the Interference Coordination scheme an improved mobile (or sector throughput) of 23% can be achieved. This gain is now a gain on average or a sustained gain! 

We changed some simulation settings, such as using a different traget BLER for the MCS selection and increasing the number of mobiles in both cases and obtained the results given below. For comparison purposes additionally a Round Robin scheduler was simulated. In Figure 4 the CDF of the mobile throughput is given. A 5%il (cell edge) bit rate of 25 kbit/s was reached in all three cases for 26 mobiles.
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Figure 4: Results of the mobile throughput CDF using Interference Coordination (with IC), using Interference Coordination (NoIC) and using a Round Robin Scheduler

For the system with Interference Coordination an average mobile throughput of 157 kbit/s was reached. For the system without Interference Coordination only an average throughput of 128 kbit/s and for the Round Robin scheduler even only 120 kbit/s were reached on average. The results are summarized in Table 1 below.


No Interference Coordination
Interference Coordination with network power planning

5% CDF user throughput
25 kbit/s
25 kbit/s

Average mobile throughput
128 kbit/s
157 kbit/s

Average sector throughput
3.4 Mbit/s
4.2 Mbit/s 

Table 1: 5%il rate and Throughput for No Interference Coordination and Interference coordination with network power planning for average 30 mobiles/sector

Thus the ratio between Interference Coordination and No Interference Coordination is here 157/128= 1,226 and hence the gain by Interference Coordination is here at least 22%-23% as shown. This is also reflected in the CDF of the sector throughput given in Figure 5.
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Figure 5: Results of the sector throughput CDF using Interference Coordination (with IC), using Interference Coordination (NoIC) and using a Round Robin Scheduler

The sector throughput is 4.2 Mbit/s for the system with Interference Coordination and only 3.4 Mbit/s for the system without. Hence the improvement through Interference Coordination by an overall throughput factor of 1.23 is confirmed. 

Thus on the overall system, the introduction of interference coordination can increase the average throughput by at least a factor of 1.23.

This is an improvement in a system with fair scheduler and high quality of service where for all terminals 23 % data rate can be achieved.

This increased throughput could also be exchanged against the cell edge bit rate to have a higher cell edge bit rate for a system with interference coordination and the same sector throughput as a system without interference coordination (e.g. if there is a more unfair scheduling or opportunistic scheduling)

The result shows that a restriction distribution with just 1/7 of restrictions works and brings improved cell edge bitrate (or average mobile throughput) under real shadowing conditions. 

It has to be observed that under these conditions it can occur, that a terminal “sees” as strongest neighbor a sector with the same restriction as its serving sector. In these cases obviously no improved SIR by interference coordination can be obtained and no improved throughput. It is to be expected that these cases are much more frequent if not a frequency re-use of 7 but a re-use of only 3 is used (as done in other proposals). Thus a distribution possibility with a re-use of factor 7 is requested for the evaluation in the TR and a TP for the TR is proposed at the end, stating that this method should be enabled by the radio resource allocation and evaluated in the SI.

Here in the method the terminals report the strongest interferers likewise as is done for handover measurements. So it is proposed in a separate TP [6] that this UE measurements are possible in E-UTRA for these purposes with enough accuracy and update rate. The update rate should be sufficient to reflect the shadowing but not the fast fading.

The experiment also shows that the proposed restriction is small enough to not degrade the sector throughput too much while allowing higher cell edge bit rate. In the proposed interference coordination mechanism neighbor cell interference is avoided by the terminal specific scheduling. The result shows that this mechanism works satisfactorily, though at the cell edge there are always multiple interferers! 

Since the whole bandwidth is only restricted by 1/7, a specific terminal can still be allocated 6/7 of the spectrum where in 1/7 of the spectrum the SIR is improved to 3-4 dB and in the rest 5/7 an SIR of 0dB can be experienced. So the scheme still allows high peak data rates also for a terminal at the cell border.

Since the strongest interferer is avoided by the mechanism this method can very well be further enhanced by methods mitigating the interference from the remaining second strongest interferer such as interference cancellation.

5. Conclusion

In a system simulation with the agreed simulation assumptions on cell layout, path loss, shadowing etc. it has been shown that the proposed Interference Coordination scheme by network power planning can increase the average mobile throughput by at least 23% or a factor 1.23. compared to a system without Interference Coordination but an adapted scheduler under the same cell edge bit rate constraint. This improvement could also be translated into higher cell edge bit rate for equal average mobile throughput.

This improvement is a valuable building block necessary to obtain the requirements from TR 25.913. 

Further no communication is necessary between the NodeBs during the operation but only the usual handover signalling from UE to NodeB can be used. Thus it is proposed to use this scheme of resource restriction planning for Interference Coordination for evaluation as basis and capture this in the TR.

Start of text proposal for TR 25.814, section 7.1.2.6.3

-----------------------------------------------------------------------------------------------------------------------

7.1.2.6.3
Inter-cell-interference co-ordination/avoidance
The common theme of inter-cell-interference co-ordination/avoidance is to apply restrictions to the downlink resource management (configuration for the common channels and scheduling for the non common channels) in a coordinated way between cells. These restrictions can be in the form of restrictions to what time/frequency resources are available to the resource manager or restrictions on the transmit power that can be applied to certain time/frequency resources. Such restrictions in a cell will provide the possibility for improvement in SIR, and cell-edge data-rates/coverage, on the corresponding time/frequency resources in a neighbour cell.
The coordination between the cells can range from a static coordination to a more or less dynamic coordination based on different types of measurements, e.g. UE measurements and traffic distribution.

Interference coordination with a restriction distribution of re-use 7 or 9 in unsynchronized cells should be possible by the radio resource structure. Such a coordination scheme with scheduling based on a terminal neighbor cell interference report (like a handover measurement) should be part of the evaluation.

-----------------------------------------------------------------------------------------------------------------------

End of text proposal for TR 25.814, section 7.1.2.6.3
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