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1. Introduction

Several schemes of Interference Coordination or fractional frequency re-use have been proposed in the study item [9]

 REF _Ref143690948 \r \h 
[10]

 REF _Ref131395222 \r \h 
[12][14]. We ourselves have proposed and evaluated for downlink user throughput and spectrum efficiency targets a so called “inverted re-use 7 scheme” implying only small restrictions [8]. There have been proposals called soft re-use and proposals with partial frequency re-use factor. In the latter in one part of the spectrum there is a frequency re-use 1 and in the other part of the spectrum there is a re-use 3. This works together with a possible split of users into cell interior users using the re-use 1 part and cell edge users using the re-use 3 part. Full details of the settings were not always obvious. So this represents our understanding from what we could find. 

From a rough calculation beforehand of the not inverted schemes the scheme with partial frequency re-use is seen as most promising, so this scheme was implemented for comparison (with an inverted re-use 7 scheme) as described later. The performance results show that the gains achievable by the partial re-use 3 scheme are only limited. An interpretation of this result using realistic link efficiency curves is given in sub section 2.1.1.

The proposed scheme with small restrictions as e.g. depicted in Figure 2 and Figure 1 is seen as inverted re-use scheme in which the power spectral density of a classical re-use scheme (e.g. re-use 7) is inverted. This inverted scheme can be applied for a re-use 7 as presented so far or it can be tried also for a re-use 3 which is done in a separate experiment. It is shown that also this inverted re-use 3 outperforms No Interference Coordination scheduling, but the gain is not that pronounced as for inverted re-use 7. Using these inverted schemes leads to a view on the assumed measurements.
The details of the settings, the system description and the results are given in the next section together with an explanation. The methodology for the scheduler including to make a best to best comparison is used here as in the earlier contributions see [7]. 

The simulation conditions are given in the Annex. The corresponding results with an interpretation are given in Sect. 2. In Section 3 the resulting view on the measurements is taken. In Section 4 summary and conclusion are given.

2. System and experiment description

2.1. Comparison to partial re-use 3 scheme

For the simulation the usual sectorized cell layout as given in Figure 1 was used. The multiply presented inverted scheme [6]

 REF _Ref134504657 \r \h 
[7] with re-use 7 is shortly repeated. The scheme 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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 the frequency subset 
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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: Earlier presented re-use 7 restriction planning in cell layout used for simulation. In sector n the subset Fn is restricted.

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.
The power profile in sector 
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 then looks as shown in Figure 2.
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Figure 2: Power profile for scheme with small restriction which is (inverted) re-use 7 scheme 

Compared is now to a partial re-use 3 scheme. The spectrum is split into two halves as shown in Figure 3.
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Figure 3: Power profile of Interference coordination with partial re-use 3 scheme
The left half, in green, is in re-use 1 and the right half, in light brown, is used in re-use 3. In the re-use 3 part in each sector A, B or C a different frequency subset 
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 or
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 has full power and the two other subsets were restricted in power (by 10 dB). The green part is intended more for the sector inner mobiles but the scheduler can make best use of the whole spectrum. The preferred re-use 3 subset setting and corresponding restrictions are then distributed over the sector layout as given in Figure 4. This figure is in line with Figure 1 from [12] if the sectors A, B and C are depicted in green, red and blue. 
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Figure 4: Re-use 3 power distribution for partial re-use 3 scheme used for comparison
The same max throughput minimum terminal bitrate scheduler is used for this scheme to optimally exploit the SIR improvement obtained by this fractional frequency re-use.

Further a scheme with no restrictions was simulated to have the comparison to the case of no Interference Coordination.
2.1.1. Results

The experiments were carried out with diverse frequency patterns and single antenna stream with 2 Rx also for the case 3 (1732m ISD) defined in Table A.2.1.1-1. According to the requirements the 5%il mobile rate was taken from the mobile throughput CDF as shown in previous contributions [7]. Using the agreed system simulation assumptions and methodology, the mobile user throughput, average user throughput and 5%ile of the CDF and the sector throughputs were obtained using 30 mobiles per sector. 
The simulations were performed to investigate the gain in total spectrum efficiency of static interference coordination. The values are intended here more for a relative comparison and not for an absolute, since in both cases the same settings are used.

So according to the required performance values the simulation results are depicted as graphs of 5%il mobile rate against sector throughput and shown in Figure 5 for 30 mobiles per sector on average.
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Figure 5: Comparison of efficiency of Interference Coordination schemes. Inverted re-use 7 against partial re-use 3 scheme. Absolute representation (for 5MHz)
By dividing the 5%il mobile user throughput and the mean mobile user throughput by the per terminal bandwidth a normalized 5%il user throughput and a normalized mean user throughput is derived that is independent of the number of terminals. Further the sector throughput is normalized by the total bandwidth. This leads to a normalized representation given in Figure 6.
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Figure 6: Comparison of efficiency of Interference Coordination schemes. Inverted re-use 7 against partial re-use 3 scheme. Normalized representation.
The inverted re-use 7 Interference Coordination scheme is shown with blue triangles. The partial re-use 3 Interference Coordination scheme is shown with blue crosses and the No Interference Coordination scheme is shown with red squares.

The graph can be looked at for various 5%ile mobile user throughputs. The abscissa with zero 5%ile user throughput shows the case of opportunistic scheduling. Here it shows that the restrictions of the partial re-use 3 scheme are higher which results in lower sector throughput as with No Interference Coordination and as the Inverted re-use 7 scheme. For medium 5%ile mobile user throughputs the partial re-use 3 scheme can perform somewhat better than the No Interference Coordination case but never better than the Inverted re-use 7 scheme. After that it saturates in 5%ile mobile user throughput. 

The Inverted re-use 7 scheme in contrast achieves much higher 5%ile mobile user throughput values. It always outperforms the partial re-use 3 scheme and at high 5%ile mobile throughputs it reaches a gain of up to 35% in total sector throughput. So it shows to be clearly more spectral efficient supporting the reasons why we preferred it in earlier contributions.
2.1.2. Explanation

The SIR values for the users at the cell edge without and with interference coordination schemes have to be considered to estimate the gain by the schemes. In the border regions in a system of re-use 1 (so without interference coordination) the SIR is about -2 dB to 0 dB. By using a frequency re-use of 3 all neighbour cell interferers are eliminated and the SIR is raised by approximately 9 dB reaching 7dB to 9dB. This can be seen from evaluating the simulations and is similar but not as optimistic as e.g. the assumptions in [13] by Huawei. Indeed it is confirmed by the results in [15] from Ericsson.
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Figure 7: Link throughput over SIR including modulation and channel coding
If now real link throughput curves as e.g. depicted in Figure 7 are considered the spectral efficiency without overhead would be raised from e.g. 0.179 bit/s/Hz to 0.78 bit/s/Hz which is approximately a factor 4.36. 

Now taking into account the reduced bandwidth of only 1/3 the total gain is just 
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. The document [15] shows also that with less SIR gain the total gain can further diminish. Finally averaged over the total sector area the remaining gain for sector throughput of the partial re-use 3 scheme is not that much anymore which shows up in the sector throughput curves.
In contrast by using the inverted re-use 7 scheme implying only small restrictions and by scheduling to avoid only the strongest interferer the SIR is only raised from a range of -2 dB to 0 dB to a range from 3 dB to 5 dB. The caused gain in throughput (from 0.179 bit/s/Hz to 0.39 bit/s/Hz) is here with real link curves only about a factor 2.2. But on the other hand the reduction in bandwidth is only small since still 6/7 of the spectrum can be used in the whole border regions. Thus the total gain is 
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. If this gain is averaged over the whole sector still the measured gain of about 1.35 or more remains which gives the explanation for the results and shows the advantage of this inverted scheme. This scheme is certainly superior. 
2.2. Comparison of Inverted scheme with re-use 7 to inverted scheme with re-use 3
The inverted re-use 7 scheme that was used is described above. Compared is now to an inverted re-use 3 scheme. That means the OFDM spectrum is partitioned in 3 subsets 
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 the frequency subset 
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 is reduced in power (by 10 dB) as e.g. given in Figure 8.
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Figure 8: Power profile of inverted re-use 3 scheme
So in each sector another third of the spectrum is reduced in power. The distribution of the restrictions with repetition factor of 3 is shown in Figure 9.
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Figure 9: Restriction distribution in cell layout with inverted re-use 3 scheme
Further a scheme with no restrictions was simulated to have the comparison to the case of no Interference Coordination.
2.2.1. Results

The experiments were carried out again for the case 3 (1732m ISD) defined in Table A.2.1.1-1 as described before. And as before the mobile user throughput, average user throughput and 5%ile of the CDF and the sector throughputs were obtained using 30 mobiles per sector. 
By normalization normalized throughputs are derived which are directly shown in Figure 10.
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Figure 10: Comparison of efficiency of Interference Coordination schemes. Inverted re-use 7 against inverted re-use 3 scheme. Normalized representation
The inverted re-use 7 Interference Coordination scheme is shown with blue triangles. The inverted re-use 3 Interference Coordination scheme is shown with blue crosses and the No Interference Coordination scheme is shown with red squares.

Looking at various 5%ile mobile user throughputs the behaviour can be distinguished. At zero 5%ile user throughput the inverted re-use 3 scheme suffers in sector throughput from its larger restrictions compared to the inverted re-use 7 scheme. Further it is worse than No Interference Coordination up medium 5%ile values. But after passing this medium 5%ile values also the inverted re-use 3 scheme outperforms the No Interference Coordination case up to the maximum 5%ile user throughput. At this point the inverted re-use 3 also gives considerable gains in sector throughput of perhaps 15%. The inverted re-use 7 scheme on the other hand, is always better and not attained in performance.

So it is shown that the re-use 3 scheme can also work, but is not most efficient as the inverted re-use 7 scheme.

3. View on measurements
As is shown from the full system simulations with the comparisons described, the schemes with inverted re-use give total improvement compared to No Interference Coordination. Especially the inverted re-use 7 scheme employing only small restrictions performs superior and gives the performance gains important to achieve the TR 25.913 [1] performance targets.
In these schemes, be it inverted re-use 3, or inverted re-use 7, an information in the NodeB scheduler on the interferer strength (pathloss, shadowing) is necessary. So as needed for handover and currently available in UMTS the NodeB needs to know interferer strength and cell ID which is then connected to the restriction setting, so that the scheduler can use this information for Interference Coordination scheduling.
As in UMTS this list is also necessary for handover algorithms. Since these are probably manufacturer specific algorithms the measurements available should be quite generic.
So as requirements here it can be listed:

· UE connected in a cell at the border is required to be able to measure intra-frequency neighbour cell’s interference strength or power e.g. by neighbour SCH and/or pilot measurement or BCH evaluation.
· Neighbour cell interference strength must be possible to be related at least inside NodeB to cell ID (which is connected to restrictions).

In consequence this means either cell ID or subID must be possible to be deduced from SCH and pilots or if SCH and pilot evaluation under bad reception conditions is not sufficient the BCH on (intra-frequency) neighbour cells must be read to derive the cell ID.
· Reading of intra-frequency neighbour cell control channel is not necessary.

4. Summary and Conclusions

Some interference coordination schemes were proposed in the course of the study item. Compared to the scheme of “inverted” re-use 7 proposed by us, especially a partial re-use 3 scheme was seen as promising. Further an inverted re-use scheme with re-use 3 could also be used.
Full system simulations according to the simulation assumptions were performed for various 5%ile user throughputs. It was shown that the partial re-use 3 scheme can only perform somewhat better than the No Interference Coordination case in a small range for medium 5%ile user throughputs. It is always outperformed by the inverted re-use 7 scheme. Further the inverted re-use 3 scheme also gives performance improvements against No Interference Coordination for higher 5%ile user throughputs but not as pronounced as re-use 7.

So the inverted schemes are considered important for the performance requirements. In these schemes an information in the NodeB scheduler on the interference strength is necessary. This led to a view on the necessary measurement and interference reports that a UE has to be able to provide. So as needed for handover and currently available in UMTS the NodeB needs to know interferer strength and cell ID which is then connected to the restriction setting, so that the scheduler can use the information for Interference Coordination scheduling.
This means that the UE must be either able to read this information from neighbour cell SCH and pilots or it must be required to read the BCH on intra-frequency neighbour cells if the first way is not possible.
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Annex

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

	Parameter
	Assumption

	Bandwidth
	5 MHz and 10MHz

	TTI length
	0.5 msec

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

	Inter- site distance
	1732m 

	Minimum distance between UE and cell site
	35 m

	Antenna pattern
	70-degree sectored beam

	Distance dependent path loss
	128.1 + 37.6log10(r)

	Node B Transmitter transmission power
	43 dBm (20 W)

	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
	2

	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 as is described above. 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.
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