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1. Introduction
At last LTE AdHoc meeting in Cannes we made a first input showing significant potential by interference (IF) cancellation techniques for MIMO systems in R1-061899. Also other contributions – like R1-061894 – confirmed these encouraging results, e.g. for one cell 19% improvement for sector capacity and 33% improvement at cell edge was shown. 

Full cooperation between many eNodeBs might achieve several 100% performance gain, but is not realizable, especially in case of a flat network architecture without a central processing unit.  For practical systems IF-cancellation will be restricted to one or two strongest interferers, which leaves a large gap to full cooperation due to an interference floor, comprising the interference signals from other Node Bs. 
In parallel, many IF coordination proposals – see R1-060864 – exist with performance gains in the order of 100% in terms of cell-edge throughput. The main benefit of coordination is its simple realization and the avoidance of any additional over the air overhead. 

Both IF coordination, as actually proposed, as well as IF cancellation tries to suppress or reduce interference of adjacent radio cells. For this reason the overall gain by combining both techniques straight forward will lead probably to only smaller additional gains as they target the same interferers. 

In this contribution a suitable combination of IF-cancellation and -coordination is proposed with the goal to approach performance for full cooperation as far as possible. 

For this purpose as an additional measure the effect of antenna tilting – as being standard for today’s network planning - is taken into account as well. Antenna tilting is well known to be beneficial for any mobile radio system. In case of IF cancellation it is a more integrated part, as it will reduce the IF level from far off Node Bs and therefore the number of relevant interferers so that IF cancellation gains will be significantly higher. This is important as IF cancellation adds complexity and signaling overhead, which has to be justified by accordingly high performance gains. 
2. Interference Cancellation
Fig.1 recapitulates the main DL performance results from R1-061899 for a 2x2, 6 sector scenario for IF-cancellation.  In that special scenario MIMO with full cooperation gained about 650% (50% values in CDF) against SISO without cooperation. By intra eNodeB cooperation – i.e. joint transmission between sector antennas - plus cancellation of one strongest interferer the gain against conventional MIMO was about 55%, still leaving a significant gap to full cooperation. 
As can be seen each technique – i.e. intra eNodeB cooperation as well as cancellation of one interferer – gives promising performance gains, but is still far off from full cooperation, which can be seen as a performance bound. The reason is the interference floor in cellular systems. Analysis revealed up to 25 relevant interferes, which renders full cooperation for practical systems more or less impossible. 

In the following it will be assumed that inter sector interference will be overcome by intra eNodeB cooperation, i.e. joint transmission. Additionally it is assumed that 2 interferers can be significantly reduced e.g. by:
a) MUD at the UE, i.e. using spatial processing like SIC of one interferer, based on two antenna elements according to the baseline configuration 

b) Steering of an Tx antenna pattern notch so that IF to the UE of the adjacent radio cell is avoided or reduced.

Some further information about the here proposed IF cancellation techniques can be found in R1-061899 but are not topic of this T-doc, which concentrates on showing the benefits of cancellation generally. Any other IF-cancellation technique might be applied and should be ffs. 
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Figure 1: CDF of achievable sector throughput for f-reuse 3 and f-reuse 1, for SISO and MIMO, in combination w and w/o co-operation between sectors and w and w/o cancellation of strongest inter cell interferer 
3. Antenna Tilting
A comparison of the simulation results with measurements in already deployed 3G networks show that typically the number of relevant interferers is much less than 25. The most likely reason is the effect of antenna tilting for real systems suppressing interferers from more far away eNodeBs, which might otherwise contribute significantly in case that there is a LOS connection to the UE, subject to interference. 
For this reason antenna tilting has been integrated into the simulator and the effect on the interference floor has been analyzed for antennas with 6° vertical antenna pattern and a tilting angle of 5 degree. From simulation results it could be deduced that antenna tilting is very effective for mitigating interference from third tier eNodeBs. As a result for third tier interferers no other means like IF-coordination or -cancellation are required.

4. IF coordination
Several proposals for IF-coordination from different companies exist where the basic idea is to separate between cell center (CCU) and cell edge users (CEU). CCUs and CEUs are scheduled into different frequency sub bands so that e.g. CEUs are supported with higher power to overcome the higher path loss and inter-cell interference while for CCUs the Tx power is reduced. By applying orthogonal f-band patterns in adjacent radio cells mutual interference is reduced. Gains above 100% for cell-edge throughput, which can be translated into sector throughput, have been shown for this concept. 
While the gain is somewhat limited, implementation is very easy as the interference pattern can be defined static or semi-static and no coordination overhead is required. 
5. Combination of IF-cancellation, Antenna tilting and IF-coordination
In the following the concept of combining IF-cancellation, antenna tilting and IF-coordination is proposed and analyzed, based on following rules:

· Use intra eNodeB cooperation, i.e. IF-cancellation between sectors (marked below as circles at each eNodeB location). 
· Assign for as many adjacent cells as possible the same frequency pattern and perform for these cells IF-cancellation. Include basically those cells where the sector antennas direct to each other. Adjacent sectors of an eNodeB can be allocated with different frequency bands if useful due to intra eNodeB cooperation. 

· For the next tier use different frequency pattern (number of pattern is an open system parameter and might be 3 or more) especially for those sectors directing to the actual IF cancellation area. 

· For the third tier eNodeBs reduce IF by antenna tilting, which avoids that some strongest interferers jeopardize the effort of cancellation and coordination, e.g. due to a strong LOS connection from a far off eNodeB. 
One possible assignment based on above rules for IF-cancellation and coordination is given in Figure 2 for a 3-sector scenario. Same colour means same frequency power allocation. A circle means intra eNodeB cooperation. The result are areas of 5-tupels of IF-free radio cells, which are surrounded only by cells which have been assigned different frequency power allocations. The effect of antenna tilting reduces possible interference from 3rd tier eNodeBs having assigned the same frequency power allocation as the own cell.  
6. First Simulation Results
Figure 3 contains some first simulation results for the proposed IF-cancellation and -coordination scheme. The main simulation scenario is depicted in Figure 2 and the main simulation parameters are listed in Table 1.
	# of BS antennas per sector nT
	1 (2nd AE used for IF cancellation)

	# of UE antennas nR
	1 (2nd AE used for IF cancellation)

	# of sectors
	3

	# of UEs
	200

	Max eNodeB power
	43dB

	Channel model
	LTE Urban macro

	radio channels
	basically uncorrelated

	Inter Cell distance
	700m

	Minimum distance to Node B
	35m

	mobile speed
	low  (< 16kmh)

	MCS
	BPSK, QPSK, 16QAM, 64QAM

	Traffic
	full queue

	RF frequency
	2 GHz

	bandwidth
	20 MHz

	resource allocation
	Localized

	Cancellation gain
	-20dB

	Power of frequency sub band f1 
	0dB

	Power of frequency sub band f2
	-6dB

	Power of frequency sub band f3 
	-9dB

	Antenna tilt at eNodeB
	5°

	Antenna vertical half power beam width 
	6°


Table 1: Main simulation parameters

The main outcome is that each technique – i.e. IF-cancellation, coordination (here called CPS: Constant Power Selection) and antenna tilting – gives a noticeable improvement of the sector throughput-CDFs, but the real gain is in the suitable combination of all three techniques. Additionally it can be seen that IF-cancellation is by far the most effective for the worst case users with low SIR. The CDF of the combined scheme gives similar gains of e.g. 300% for the 50% CDF value as known for full cooperation. For the 5% users the gains are even higher.
Not taken into account yet is the effect of the scheduler restrictions due to IF-coordination which might reduce performance depending on the given deployment scenario and user distribution. Only one frequency subband of the center cell is analyzed (white cell in Figure 2). 
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Figure 2: Possible assignment scheme for optimum IF-cancellation and coordination 
[image: image3.emf]0 20 40 60 80 100 120 140 160 180 200

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Capacity in MBits/s

CDF of Capacity

 

 

Default 

Default+Tilt 

Default+CPS; CPS[A,B,C]=[0,-6,-9],IC=-20

Default+Cancellation; CPS[A,B,C]=[0,-6,-9],IC=-20

Default+Tilt+CPS+Cancellation; CPS[A,B,C]=[0,-6,-9],IC=-20


Figure 3: CDF of theoretical sector throughput of central target cell for conventional system, w antenna tilting, w IF-cancellation, w IF-coordination and the combination of all techniques
7. Requirements 
Depending on the chosen IF cancellation technique some requirements have to be fulfilled or would be helpful:
· Orthogonal reference signals between sectors and for those eNodeB sectors which should be cancelled. Instead of cancellation different polarization might be envisaged for orthogonalization of TX signals between adjacent radio cells.   
· Feedback of CSI for intra eNodeB cooperation from UE to eNodeB
· Inter-eNodeB synchronization would be helpful for optimized IF-cancellation schemes
8. Conclusions 
Significant performance gains in the order of several 100% for sector throughput are possible for a suitable combination of IF-cancellation, IF-coordination and antenna tilting. Especially for the 5% worst case users more than 1bit/s/Hz seems to be achievable. 
In contrast to IF-coordination is IF-cancellation not for free, but requires typically orthogonal reference signals and some form of CSI feedback for intra eNodeB cooperation. 
In light of the high potential it is proposed to further investigate – beside IF-coordination - suitable IF-cancellation techniques as the most important part of the proposal, despite the increased effort. Beneficial is that the performance gain is achieved without higher eNodeB and/or UE complexity compared to the baseline assumption with respect to RF-frontends and antenna elements.  This is in contrast to gains claimed e.g. for 4x4 MIMO schemes.  
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