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1. Introduction
In agenda item 7 novel concepts for significantly increased DL system performance are requested. It will be shown and well known that interference is the most limiting factor in cellular radio systems. For this reason concepts for cancellation of some strongest interferers are proposed based on new degrees of freedom inherent to MIMO systems.
2. Performance gain by interference cancellation techniques
Figure 1 gives the max-min SINR for different MU-MIMO schemes in a 19 cell scenario for increasing overall system power Ptot. As can be observed, conventional SISO and MIMO schemes like matched filter, ZF or MMSE are limited due to interference starting from a certain quite low power level. Transmission schemes which would be able to overcome interference – e.g. by some kind of joint interference cancellation – would increase system performance in cellular networks significantly.
Figure 2 shows measurement results for a 3 Node B scenario where no, 1 or 2 interferers are cancelled. Also these measurements indicate the strong performance gains possible with interference cancellation. Since for the measurement only 3 Node Bs were involved, the typical interference floor is missing in these results.
So based on the measurement results a simulation tool with 19 Node Bs had been calibrated and analyzed. Figure 4 shows an upper bound to the increasing mean and outage capacity depending on the number of cancelled interferers. Especially the mean capacity seems to increase linearly with the number of cancelled interferers. For 3 cancelled interferers already a gain of 300% seems to be possible.
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Figure 1: achievable capacity for a cellular radio system dependent on the overall system power Ptot
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Figure 2: CDFs after cancellation of 0, 1 or 2 interfering Node Bs
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Figure 3: Mean signal-to-interference-ratio (SIR) versus the number of cancelled interferers.
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Figure 4: Mean and outage capacities at 95% of positions in the cell versus the number of canceled interferers.

3. Concept proposals
MIMO systems offer some additional degrees of freedom for advanced interference mitigation strategies. Here 3 basic concepts are proposed which can be implemented with limited effort while promising significant performance gain in case of strong interfering radio conditions. 

The baseline reference system for comparison is SDMA, i.e. a multi user MIMO scheme. 

In the following a very short description of the concepts is given:

a) Cancellation of inter sector interference
Figure 5 shows a typical 6 sector Node B deployment. At the overlapping areas of the sectors, inter sector interference limits the system performance significantly. Here it is proposed to use a combined multi user MIMO processing over different sectors to overcome the detrimental interference conditions. This processing is well known as joint transmission and supports several UEs simultaneously on the same time and frequency resource. 

Joint transmission requires a central unit (CU) where all involved sector antennas are processed together which poses often a challenge. For this solution all sectors are processed in one Node B - we might also talk of intra Node B co-operation -, so the CU can be implemented in the Node B directly. 
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Figure 5: Inter sector interference at NodeB
b) Cancellation of strongest interferer at UE side

In this solution adjacent Node Bs use some kind of orthogonal reference signals allowing each active UE to estimate the radio channel to the strongest interfering BS. 

Each cell is in SDMA mode, i.e. each Node B transmits simultaneously one data stream to each of e.g. 2 UEs. 2 Node B antenna elements are assumed. Therefore each UE is receiving only one data stream leaving one degree of freedom in case of 2 antenna elements, which is the baseline assumption. For pure SDMA this degree of freedom might be used for additional diversity or beam forming gains. 

Here it is proposed to use the receive antenna elements to cancel or reduce the strongest interferer. For this purpose a MUD – estimating the user signal as well as the signal of the strongest interferer - is implemented at the UE. This allows to subtract the interfering signal e.g. by SIC.  Note that this type of interference cancellation does not require CSI at the side of the Node B. 
c) Minimization of inter Node B interference by adaptation of beam forming pattern

Full cooperation between Node Bs would increase system performance theoretically significantly but is not possible yet in real systems. So simplified schemes are of great interest, which achieve at least some of the possible performance gains. 
It is assumed that the Node B is informed over the air about the interference generated into the adjacent radio cell from the active UE, which is suffering from the interference. As strong interference will occur only in case of low path loss the feedback link will be typically of good quality as well.  

The interfering Node B will take this information into account for adaptation of the beam forming pattern for DL transmission.  Especially in case of more than 2 antenna elements at the Node B performance gains should be quite good. In contrast to full interference cancellation for this scheme typically interference reduction will be achieved. 
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Each of the concepts a) to c) may be implemented as single technique by itself. For full benefit all techniques might be used in a combined fashion. 

It is assumed that cancellation of strongest interferers is done on top of other interference mitigation techniques like static or semi static interference coordination schemes so that both technologies can take profit from each other. Interference cancellation - as being proposed above – has the benefit to pose no restrictions to the Node B schedulers. 
4. Requirements for proposed concepts 
Following requirements arise with the above proposed concepts:

a) Cancellation of inter sector interference

Joint transmission is basically a multi user MIMO scheme similar to SDMA, which is in discussion for single cells. So the implementation might be similar as well. Main additional requirement are orthogonal pilot structures for different sectors.
b) Cancellation of strongest interferer at UE side

As mentioned above some kind of orthogonal reference signals for adjacent Node Bs are required. The rest of the interference cancellation processing is done by the UE by well known algorithms.
c) Minimization of inter Node B interference by adaptation of beam forming pattern

Like for solution b) again orthogonal reference signals are required for adjacent Node Bs for estimation of the interfering radio channel. In addition a feedback link for the transfer of the interfering radio channel from the UE to the interfering Node B has to be provided by the system. So solution c) is definitely here the most challenging one. 
5. Some simulation results
Table 1 contains the main parameters for some first simulation results given in Figure 7.
Compared are following system implementations:

· SISO with f-reuse 3 as the reference case for conventional systems

· SISO with f-reuse 1 to take care of proposals where interference coordination distinguish between cell center and cell edge users

· SDM as reference case for a MIMO system. 

· SDM in combination with co-operation between sectors (concept a))

· SDM in combination with sector co-operation + interference avoidance into adjacent radio cell (concept a) + c))

· Full cooperation as benchmark, showing the potential for further improvements

Concept b) – while promising – is not included in these simulations yet but will be added as soon as possible. 
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Figure 6: cellular simulation scenario

	# of BS antennas per sector nT
	2

	# of UE antennas nR
	2

	# of sectors
	6

	# of UEs
	400

	Max UE power
	2 Watt

	Channel model
	LTE Urban macro

	radio channels
	basically uncorrelated

	Inter Cell distance
	1000m

	Minimum distance to Node B
	35m

	mobile speed
	low  (< 16kmh)

	MCS
	BPSK, QPSK, 16QAM, 64QAM

	RF frequency
	2 GHz

	bandwidth
	20 MHz

	resource allocation
	Localized


Table 1: Main simulation parameters
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Figure 7: CDF of achievable throughput for f-reuse 3 and f-reuse 1 in combination with co-operation
Following observations are possible:
· SISO f-reuse 1 against SISO f-reuse 3 achieves significant gains in this scenario. For this reason it is obvious that the considered simulation scenario is a case of low inter-cell/inter-sector interference, i.e. further simulations with a higher interference scenario will certainly show higher gains in terms of capacity for:

· interference cancellation, i.e. sector co-operation as well as
· avoidance of interference into adjacent radio cells

· Full co-operation shown here just as an ideal case/benchmark (not practically realizable) would provide significant performance gains even in this low interference scenario.
5. Conclusion
Promising gains of cancellation of one or more strongest interferers have been shown. Although the best implementation is ffs, 3 concepts have been presented here requiring only small additional functionalities:

· Cancellation of inter-sector interference

· Cancellation of strongest interferer at UE side

· Minimization of inter Node B interference by adaptation of beam forming pattern

Note: Simulations of a higher interference scenario will certainly show higher benefits.

As a consequence of these promising proposals basically two essential functions would be required:

· orthogonal reference signals between sectors and adjacent Node Bs as well as
· a low latency feedback channel from UE side to Node Bs carrying DL CSI (channel state information).
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