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1 Introduction
One scheme that has been promoted in LTE by a number of companies is that of static and semi-static fractional frequency reuse (so-called “FFR”).

The evaluation of the gains of this technique in RAN WG1 quickly became complex and started to incorporate auxiliary aspects such as changes to scheduler operation and so on.  Furthermore, a disparate set of schemes was studied; some with reuse 3, some with reuse 7, some with MIMO, some with soft reuse, others with mixed hard reuse etc…  The net effect of this is that the fundamental performance of fractional reuse has been (to some extent) lost in the detail of the various contributing system simulations.  Indeed, other papers [1], [2], even suggest that when looking at certain system configurations and at peak cell edge user rates, there is no gain to be had from mixed-reuse schemes as a result of the bandwidth expansion and resource partitioning cancelling out (and sometimes exceeding) the C/I gain.

The purpose of this paper is therefore to present a more basic level of analysis such that we can more clearly see where any gain is coming from and such that we can isolate the performance gains of FFR from external and complicating factors such as adjustments to scheduler fairness.
In this paper, we deal only with a mixed reuse scheme.  Soft reuse (the provision of a “grey-level” of reuse between two pure reuse patterns) is not considered.  In the mixed reuse scheme, we consider that the overall time/frequency resources are divided into two partitions, one employing N=1 reuse and one employing N=3.  Users may be assigned to (i.e. scheduled in) a particular partition according to the C/I situation particular to that user.  The power of active tones in each region is the same.  The power of any inactive tones is zero.
2 Simulation
Users were dropped onto a typical 19-cell tri-sectored deployment model, resulting in 57 sectors.  The users were dropped into the geographical area covered by the central tri-sectored site only although they are allowed to connect to any of the 57 sectors.

The C/I for each user location was calculated for both an N=1 reuse scenario and for an N=3 (1x3) reuse scenario producing the vectors CoI1 and CoI3 respectively across the set of users.  The deployment parameters of “Case 1” in TR 25.814 were assumed.

The N=1 and N=3 C/I CDFs are shown in Figure 1.
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Figure 1 – C/I distributions, TR 25.814 case 1
To keep the analysis as simple as possible, the C/I vectors (C/I per user location) were converted into spectral efficiency vectors using a method similar to the truncated Shannon approximation in common use for LTE in Ran4 as follows:
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… where ( = 0.6 and Tmax = 4.4bps/Hz as used in Ran4.
Using the vectors E1 and E3, the following additional vectors were also derived:
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Figure 2 plots the cumulative distribution of E1, E3 and Emax whilst Figure 3 plots the cumulative distribution of Eratio.  Figure 4 provides a visual representation of the UE locations for which a gain is observed for N=3 transmission.  Areas plotted in grey see no gain and are better served with N=1.
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Figure 2 – Link Efficiency, cumulative distributions
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Figure 3 – Link Efficiency, linear gain ratio of reuse 3 to reuse 1
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Figure 4 – Visualisation of Link Efficiency Gain Ratio (N=3 / N=1)

As can be seen from Figure 3, the link spectral efficiency can be improved via N=3 reuse for approximately 35% of users.  Of these users, around half see an improvement of 27% or more in their link efficiency.  For the remaining 65%, the use of N=3 provides a net loss in link spectral efficiency.

From Figure 2 it can be observed that the 5%’ile user link efficiency (proportional to user throughput in a resource-fair scheduled system) is not improved for pure N=3 reuse compared to pure N=1 reuse (both lie at around 0.3bps/Hz for single-user scheduling).  However, for the mixed reuse scheme, the 5%’ile is improved to 0.36bps/Hz, representing a 5%’ile user throughput gain of some 20%.

The sector throughput was also calculated using the E1, E3 and Emax vectors assuming resource-fair scheduling and full buffer traffic.  The calculation simply evaluates the mean of the appropriate Ex vector.  Results were as follows:

· Sector throughput (pure N=1):

1.24 bps/Hz

· Sector throughput (pure N=3):

0.93 bps/Hz

· Sector throughput (mixed N=1/N=3):
1.31 bps/Hz

Thus, it can be said that for resource fair scheduling, the mixed reuse scheme achieves a 5.6% improvement in sector throughput compared to the best performing pure reuse scheme (N=1).

Conclusion

A very simple semi-analytical investigation into the effects of a static FFR (mixed-reuse) scheme for the LTE downlink indicates the following potential gains for case 1 of TR 25.814 and for resource fair scheduling with full buffer traffic:

	Gain in 5%’ile user throughput compared to standard N=1
	Gain in Sector Throughput compared to standard N=1

	20%
	5.6%


Table 1 – Observed gains for static FFR
These gains apply only under the assumption that the fraction of resources assigned to each of the reuse partitions is always appropriate for the served user distribution and that the scheduler has ideal knowledge of the preferred reuse partition for each user (i.e. perfect resource partitioning and perfect user assignment).

Overall, these gains do not appear to be particularly in line with those indicated for static FFR in LTE shown below (extract from TR 25.814).
	Technique
	Additional gain in sector spectral efficiency
	Additional gain in 5%-tile user throughput
	Sources and notes

	Static interference co-ordination
	-2%/1%

-5%

35%

35%/0%
	58%/79%

67%

0%

0%/65%
	R1-062398

R1-062374

R1-061455/R1-062365 

CONSENSUS


Table 2 – Stated gains for static FFR in TR 25.814
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