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1. Introduction
Interference Co-ordination through soft Fractional Frequency Re-Use (IC-FFR) has received practically exclusive attention for improving the spectral efficiency of cell edge UEs. In [1] the average sector throughput and the average and 5% user throughput were evaluated for 2x2 and 4x4 MIMO and it was shown how a PF scheduler can trade off, if desired, some of the significant gains achieved for cell edge UEs to improve average throughput and meet the DL spectral efficiency E-UTRA requirements.    

In addition to the frequency domain, interference co-ordination can also apply in the time domain through soft Fractional Time Re-use (IC-FTR). The main reason why IC-FFR was only considered until now is because it does not rely on synchronous networks. However, in many instances E-UTRA networks will be synchronous (e.g. to support high E-MBMS data rates or due to many other reasons benefiting unicast transmissions as it has been discussed in past meetings and on the e-mail reflector).

The benefits of IC-FTR over IC-FFR are quantitatively evaluated in the remaining of this document but also some qualitative analysis is straightforward. Since with IC-FTR the entire frequency bandwidth (BW) is available for scheduling, the gains from frequency domain scheduling are higher. This is particularly true for cell edge UEs which for static IC-FFR can typically be assumed to have available only 1/3 of the BW and in the case that frequency diversity is preferable (distributed scheduling). Although static IC-FFR has been repeatedly shown to be highly suboptimal and a semi-static approach is needed, the same outcome regarding the available BW to cell edge UEs will be true regardless (depending on the traffic distribution, some Node Bs may have available more than 1/3 of the BW for their edge UEs and some may have less). 

On the other hand, a scheduling constraint on the transmission time to cell edge UEs will result to some loss in time diversity. Assuming that a cell edge UE has to be immediately scheduled after its CQI reporting (worst case scenario for IC-FTR) then, for a fractional time re-use of 3, the average additional scheduling delay is 1 TTI (1 msec). This is less than the CQI reporting rates currently under consideration (2-5 msec) and it is not additive to the CQI reporting delay. Moreover, for all UE speeds for which localized scheduling can be possibly applied (e.g. up to 30-50 Kmph), there is no meaningful change in the channel over 1 msec and therefore no time diversity is lost. Even though it is not needed, cell edge UEs may even be configured to report the CQI before the TTI they are scheduled so that to avoid any scheduling delay. Therefore, IC-FTR can exploit the frequency diversity of the entire BW while experiencing minimal or no loss in time diversity. Another advantage of IC-FTR is that it can effectively enable UE micro-sleep as cell edge UEs for which power is most important, may monitor the L1/L2 control channel only during specific TTIs. Finally, it should be noted that for the same reasons as for IC-FFR, a semi-static approach to IC-FTR needs to be deployed in practice.  

2. Simulation Assumptions

As an initial evaluation of IC-FTR, the simulations consider the 1x2 antenna configuration to decouple the results from a particular MIMO scheme and allow for easy comparisons. The latest E-UTRA assumptions are incorporated, such as a 4.5% RS overhead for the link simulations, and a 360 KHz RB size for both the link (to model CQI errors per RB) and system simulations. The latter assumes that 2 RBs are concatenated for DL scheduling, as this appears to be a consensus, in order to reduce L1/L2 control overhead since there is very little frequency selectivity for less than 360 KHz allocations.
As usual, IC-FTR relies only on CQI reporting, but this reporting from classified cell edge UEs is now configured to be measured only during TTIs where these UEs are scheduled.
For clarity, we focus on static soft time re-use of 1/3 and uniform traffic distribution (uniform UE distribution with the same data rate requirements) to avoid any assumption on the traffic distribution. However, a semi-static approach should apply in practice as highly sub-optimal allocations can be avoided and significant throughput gains can be achieved (e.g. [2, 4] show that, even for uniform traffic distribution throughout the system, semi-static IC-FFR provides 10% larger throughput than static one). 

The link and system simulation assumptions are given in Table 1. 

	Parameter
	Assumption

	Bandwidth
	10 MHz

	Evaluation Scenarios
	Cases 1 and 3 from 25.814

	Channel Model
	TU 12

	Number of Uniformly Distributed UEs
	30, 60, 90

	Modulation scheme

and

Channel coding rate
	QPSK (R = 1/4, 1/2, 3/4),

16QAM (R = 1/2, 5/8, 3/4),

64QAM (R = 5/8, 3/4)

	UE speed
	3 Kmph

	Pilot Overhead
	4.5%

	CQI Reporting delay
	2.0 msec (2 TTIs)

	Channel Estimation Loss
	Actual, based on link simulations

	CQI Measurement
	Actual, based on link simulations

	Scheduling algorithm
	Proportional Fair

	Target BLER
	10%

	Round trip delay in HARQ
	2.0 msec (2 TTI)

	HARQ
	Chase combining

	SINR to BLER mapping
	Exponential, as in 25.892

	Maximum Number of Retransmissions
	2

	Number of antennas
	1 transmitter, 2 receiver

	Traffic model
	Full queue traffic


Table 1: Simulation Assumptions for Throughput Comparisons with IC-FTR and IC-FFR.
3. Spectral Efficiency with/out IC FFR/FTR
Spectral efficiency (SE) results with/out IC FFR and IC FTR are presented in Figure 1 for Cases 1 and 3 in TR 25.814. The benefits of interference co-ordination at the lower geometries are clearly seen and 2x-3x gains in SE are obtained without any noticeable impact on the SE at the higher geometry values (a minor loss exists which cannot be clearly distinguished in Figure 1). As application of IC-FFR/FTR improves the worse geometries, some of them may become better than the ones that fall immediately outside the protection of IC-FFR/FTR and this is seen by the gradual decrease in SE before it begins increasing again as the geometry increases. It can also be observed that IC-FTR provides larger SE gains than IC-FFR at the low geometry values. This is more clearly depicted in Figure 2. 
[image: image1.png]Spectral Efficiency with/out IC-FFR and IC-FTR.

45— : ‘ ‘
e No IC FFR/FTR
4L | % 1C-FFR
-e- IC-FTR

10 MHz, TU, Case 1
30 UEs/Sector

Spectral Efficiency (bps/Hz)

0 I I i I

-5 0 5 10
Geometry (dB)



 [image: image2.png]Spectral Efficiency (bps/Hz

45

35

Spectral Efficiency with/out IC-FFR and IC-FTR.

=%~ No IC FFR/FTR
- IC-FFR
=&~ IC-FTR
10 MHz, TU, Case 3
30 UEs/Sector

-5 0 5 10
Geometry (dB)




 
Figure 1: Spectral Efficiency with/out IC-FFR and IC-FTR for Cases 1 and 3 of TR 25.814.
Figure 2 shows the percentage gains of IC-FTR over IC-FFR. It is observed that IC-FTR outperforms IC-FFR by 4%-14% in terms of spectral efficiency (SE) for geometries below 0 dB while there is no meaningful difference for geometries above 5 dB.
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Figure 2: SE Percentage Gains of IC-FTR over IC-FTR for Cases 1 and 3 of TR 25.814.
4. Conclusions
The spectral efficiency (SE) of interference co-ordination with fractional time reuse (IC-FTR) was compared to the ones of interference co-ordination with fractional frequency reuse (IC-FFR) and of no interference co-ordination. IC-FTR outperforms IC-FFR by 4%-14% in SE for geometries below 0 dB while there is no meaningful difference between the two methods for geometries above 5 dB. Both are again shown to achieve substantial (2x-3x) SE gains for cell edge UEs relative to their absence while experiencing only marginal SE losses for high geometries values. Additional advantages of IC-FTR include the reduced L1/L2 control size without affecting throughput as on the average a smaller number of UEs need to be scheduled per TTI [2], and the ability of cell edge UEs for which power conservation is most important for longer micro-sleep periods.
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