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1 Introduction
Co-channel interference is known to degrade the cell-edge throughput and hence the overall spectral efficiency of the system. The number of interferers that can be handled by a MMSE receiver is typically 1, since the number of antennas at the UE is at most 2.

The mean throughput will be affected by the performance of the cell-edge users.  If the system uses a scheduler that guarantees a QOS, then the cell-edge user will require more resources as compared to an in-cell guy to achieve the same throughput. Hence interference handling techniques become important while serving a cell –edge user

A particular case in point is that of heterogeneous deployments. In [1], heterogeneous deployments have been proposed that  consist of low power nodes that are placed throughout a macro-cell layout in a planned manner. One category of Heterogeneous networks is hotzone cells, also called as pico-cells. In this category, planned hotzones will be deployed throughout a macro-cell as shown in Fig. 1. The access to these hotzones is available to all UEs.
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Fig. 1-  Interference in  heterogeneous deployment
As shown above, the co-channel interference scenario becomes worse. The UE within a pico-cell, can experience interference either from macro, or from a neighbouring pico-cell. 

In this document, Interference Cancelling Block Modulation (ICBM) is being presented for enhancing performance in the downlink, specifically targeted at improving the cell-edge spectral efficiency. ICBM is an open loop transmission scheme where eNBs are assigned with fixed precoders. This requires minimal coordination among the eNBs, where a set of resource elements are allocated in each downlink frame for ICBM based precoding. 

2 ICBM Scheme
We consider here three distinct precoders, which are used by the three adjacent cell-sites. System-wide, the same three precoders are deployed in those resource elements specified for ICBM. The precoders expand the bandwidth by a factor of two while providing precoded sequences with low cross-correlation properties. This low cross-correlation can be exploited to provide higher AMC rates to cell-edge users, thereby increasing the net cell edge spectral efficiency. Since this technique is specifically meant to improve cell edge spectral efficiency, only single-stream transmission is considered in resource elements being used with ICBM.
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The scheme comprises of two distinct blocks, namely, the ICBM precoder followed by an interleaver, as shown in Fig. 2 below.
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ICBM Precoder
The first block of the modulator is the precoder that linearly maps a set of two baseband QAM symbols to four baseband symbols. The output of this rate 2/4 ICBM precoder consists of four complex symbols, where each of these symbols is a linear combination of the two input QAM symbols. The three ICBM precoders, denoted by Q1, Q2, and Q3, are specified as follows:
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Each eNB is assigned one of the above-mentioned precoders. This is done in the same way as the assignment of offsets for CRS to the eNBs (while the offset assignment is done with modulo 6 on the cell-ids, the precoder assignment for ICBM is done with modulo 3). This ensures that most of the interference seen by a UE using a certain ICBM precoder is from eNBs with a different ICBM precoder.
Symbol Interleaver
The second block of the modulator is the interleaver. It ensures that the channel seen by the four symbols at the output of the ICBM precoder is flat. Since the mapping of symbols to LTE/LTE-A resource elements is done frequency-first, the interleaver maps a set of four ICBM modulated symbols to [image: image7.png]2% 2



 time-frequency grid as shown in Fig. 3 below, where the channel is flat.










MIMO Modes in LTE
In the case of ICBM, when there are multiple antennas at the eNB, predefined codeword cycling is recommended; that is, different code vectors from the beam-forming codebook are used in different RBs in a predefined manner. This means that the code vector being used by an eNB in a particular RB during ICBM transmission need not be signalled to the UE.
3 ICBM Demodulator

This section describes the receiver for demodulating ICBM. The block diagram of the ICBM receiver is shown in Fig. 4



Consider the following received signal model for a cell-edge UE over the four ICBM modulated symbols, i.e., over the 2 x 2 time-frequency grid shown in Fig. 3. Let the number of receive antennas be Nr. Therefore, we have, 
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where, yi is the (4 Nr) x 1 received symbol vector obtained by stacking up the symbols received in the Nr receive antennas at the four instants, Hij is the (4 Nr) x 4 band-diagonal channel matrix over the four resource elements, Qj is the ICBM precoder used by eNBj, dj is the 2 x 1 baseband QAM symbol vector for the jth user ,that was modulated by the ICBM precoder and ni is the (4 Nr) x 1 additive white Gaussian noise vector at UEi.
The receiver has an MRC front-end. The ICBM demodulator stacks up the symbols received in the Nr receive antennas from the four REs containing the ICBM modulated symbols. It performs MRC by multiplying the received symbol vector with (Hii)H. This leads to the following equation,
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 is 4 x 1 vector. The ICBM demodulator takes [image: image14.png]


 as its input and evaluates LLRs jointly for the two baseband QAM symbols in di. The LLR expression for the mth bit in the ith user is given as follows.
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where, S0,m and S1,m represent sets of all {di} with 0 and 1, respectively in the mth bit position. The covariance matrix Ri evaluated by UEi for computing the LLRs is given by,
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where, I  is 4 x 4 identity matrix and σ2 is the variance of thermal noise after MRC equalization.
The whole operation can be pictorially viewed as follows:









Fig. 5  Pictorial representation of the Interference Cancelling Block Modulation
ML receiver is used to extract [image: image18.png]
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 do not limit the performance of user-1. This happens due to the design of the matrices.

Hence this scheme effectively converts a reuse-1 system into a reuse-3 system, just thru the use of precoder matrices. For this each user has to use twice the number of resources than what it would have needed.
4 Deployment Example
When this solution is applied to the cellular systems the scenario looks like the following figure:





Fig. 6 - Result of application of ICBM to reuse-1 cellular network
Since more number of resources are used by the user in order to combat interference, this technique should be used only for the cell edge users.

This solution is also applicable in the pico-cell scenario, as shown in the figure below.
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Fig. 7 - Result of application of ICBM to pico cell scenario
As is evident from the colors, macro cell is assigned one precoder, the overlapping picocells are given different precoders. If the pico cells donot overlap, then the any precoder other than the one used by macro cell may be used.
Since at the receiver, we can distinguish the desired data based on the precoder, situation is no longer interference limited.
5 Performance of ICBM
Table 1 shows the simulation parameters used in the evaluation. Simulation results are presented for the case of a single antenna at the BS and two antennas at the UE, in the urban micro scenario. Simulations were performed only for users with an SINR below 0 dB.
Table 1 – Simulation parameters
	Carrier frequency
	2 GHz

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

	Base Station height
	10 m

	UE height
	1.5 m

	Antenna pattern at Node B
	70-deg. Sectored beam with tilt 

	Inter-site distance (ISD)
	200 m

	Transmission bandwidth 
	10 MHz

	Subband bandwidth
	5 RBs

	Distance-dependent path loss
	128.1 + 37.6log10® dB

	Penetration loss
	20 dB

	Shadowing standard deviation
	8 dB

	Channel model
	Pedestrian A

	Spatial correlation between antennas
	Uncorrelated

	Transmission power of Node B
	46 dBm

	Moving speed (Max. Doppler frequency)
	3 km/h

	Number of Node B / UE antennas
	1 (eNB), 2 (UE)

	Traffic model
	Full buffer

	Control delay (scheduling, AMC)
	2 msec

	MCS set
	3GPP LTE MCS values 

	Channel estimation / CQI measurement
	Ideal

	UE receiver assumption
	ICBM Receiver


In order to simulate ICBM, a coded block of data is taken from the rate matcher and is transmitted on twice the number of RBs. The cdf of SINR for all users in the cell is shown in Fig. 8. It is seen that 20% of the users experience SINR below 0 dB. Only these 20% users are considered for simulation purposes. The cdf of the spectral efficiency of these users is shown in Fig. 9. The mean spectral efficiency for ICBM for the low-SINR users considered is 1.23 bits/sec/Hz.
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Fig. 8 - CDF of the SINR for all users 
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Fig. 9 - CDF of the spectral efficiency (for users below 0dB SINR)
6 Conclusion
We have presented ICBM, a scheme for co-channel interference mitigation. This scheme is open-loop, and hence requires minimum coordination among the eNBs. Simulation results for the proposed ICBM scheme were also given, with a focus on the users below 0dB SINR.
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Fig. 2 – Block Diagram of proposed ICBM Scheme
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Fig. 3 – Mapping of ICBM Symbols to Resource Elements





MRC Receiver


Hii








Pico e-nodeB











LLR





ICBM Demodulator





Fig. 4 – ICBM Receiver
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