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1 Introduction
Interference Cancelling Block Modulation (ICBM) was described in [6] for the LTE-A downlink, specifically targeted at improving the cell-edge spectral efficiency in presence of co-channel interference. ICBM is an open loop transmission scheme where the macro eNBs and the pico eNBs are assigned 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 Some alternate schemes:

In this section, we take a look at some of the schemes proposed so far: The time domain and the frequency domain partitioning schemes are considered equivalent because both time and frequency can be treated as resource for the data channel.
Non-overlap partitioning:

The macro and the pico-cell coordinate between themselves and decide on the time domain partitions adaptively based on the topology and user distribution.




Advantages: 
· Since the transmissions of pico and macro-cells are orthogonal to each other,  there is no interference from macro-cell to the pico-cell
Disadvantages:

· This method is not possible in asynchronous networks

· The pico-cell cannot be located very close to the cell edge. Else all the macro-cells and pico-cells in the network need to decide on a fixed portioning

· Fixed partitioning would reduce the performance

· Overlap between pico-cells is not possible

· Loss in throughput due to inefficient use of resources

Similar partitioning scheme is also possible in the frequency domain [3].
Overlap partitioning:
Since access to pico-cells is open to all UEs, macro eNB will cause interference to UEs served by the pico eNB in the downlink. Hence it is suggested to silence the macro in one part of the bandwidth, while the pico can operate in the complete bandwidth [3]. The downlink channel quality of Macro UE is not affected too much by a pico eNB.




Advantages:
· Can be used for asynchronous networks
Disadvantages:

· Pico-cells cannot overlap with each other

· Some of the pico-cells will always have interference from the macro-cell if they are scheduled in the first half of the total bandwidth

· At the cell edge, the pico-cells in allotted in the first half of the bandwidth will also face interference from the neighbouring macro-cell

A scheme with both time and frequency domain partitioning is proposed in [5]. A key disadvantage of the partitioning schemes is that the resource (time/frequency) has to be partitioned the way throughout the network. Since all the pico-cells operate in the same partition, no overlap among pico-cells is possible. Hence the placement of the pico-cells has to be done in a carefully planned manner. This will also put a limit on the number of pico-cells that can be accommodated in a macro-cell.
3 ICBM Scheme

We now recall the ICBM scheme described in [6], where no such hard partitioning of the resources is needed. We consider here three distinct precoders, which are assigned in a predetermined manner to the pico and the macro eNBs. 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.
The scheme comprises of two distinct blocks, namely, the ICBM precoder followed by an interleaver, as shown in Fig. 2 below.


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 macro eNB is assigned one precoder (shown by one of 3 distinct colours in Fig.3 below), such that the adjacent eNBs have different precoders. Within a macro-cell, a pico eNB is assigned the precoder that is different from the parent macro eNB precoder. The solution as applied to the pico-cell scenario: [image: image5.jpg]



As is evident from the colors, macro eNB is assigned one precoder, the eNBs of overlapping pico-cells are given different precoders. If the pico-cells do not overlap, then the any precoder other than the one used by macro eNB may be used as shown. The neighbouring macro eNBs are given different precoders. Since at the receiver, we can distinguish the desired data based on the precoder, situation is no longer interference limited. As shown in the figure, as long as the assignment of precoder is done properly, the pico-cells can be placed anywhere in the cell. However, such a flexible deployment is not possible in case of the other mentioned schemes
Advantages:

· Pico-cells can be placed anywhere in the macro cell, as long as the precoders are correctly assigned

· Pico-cells can also be allowed to overlap with each other

· As a result more pico-cells can be packed in the macro cell thereby increasing the overall cell throughput
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 beamforming 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.
4 Simulation Results
	Parameter
	Value

	Cellular layout
	Hexagonal layout with wrap around, 

7 eNodeBs,  3 cells per eNodeB

	System frequency
	2 GHz carrier, 10 MHz bandwidth

	ISD
	500m

	UE deployment
	30 UEs per cell

	Distance-dependent path loss
	TR 36.814 Urban Macro-cell scenario

	Shadowing standard deviation
	6 dB

	Channel model
	Pedestrian A, 10Hz Doppler

	Minimum distance between UE and Macro
	10m

	Thermal noise density
	-174dBm/Hz

	EnodeB Tx power
	46 dBm

	EnodeB antenna gain
	17 dBi

	UE noise figure
	7 dB

	Traffic model
	Full buffer

	Scheduling algorithm
	Round Robin

	Scheduling granularity
	Reuse-1 Users   -    5 PRBs

	
	ICBM Users     -     10 PRBs

	Number of eNodeB antenna
	1

	Number of UE antenna
	1

	Downlink receiver Type
	Not applicable

	Channel estimation
	Ideal

	Hybrid ARQ
	IR

	Downlink Link Adaptation
	CQI reports every 1msec; MCS based on LTE transport formats


Table1 : Simulation Parameters
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Fig4: SINR CDF for Macro reuse-1 
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Fig5: Throughput CDF for the frequency partitions as well the the overall throughput CDF
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Fig6: Throughput CDF for openloop reuse 1x1 Macro deployment compared with the CDF of  proposed system with ICBM along with 1x1 openloop using frequency partition.

	
	Reuse-1 1x1
	Reuse-1 + ICBM 1x1

	Average Cell Spectral Efficiency
	0.5133
	0.5477


Table 2: Average Cell Spectral Efficiency computed over 200 frames; here, a frequency partition in the ratio of 4:6 is used between the ICBM 1x1 and the reuse-1 (i.e., non-ICBM) 1x1 users. Further, the ICBM partition is used for all users below SINR=3dB, and the 1x1 open loop mode is used for the users having SINR>3dB.
5 Conclusion
We have presented a few performance results with ICBM, a scheme for co-channel interference mitigation. This scheme is open-loop, and hence requires only minimal coordination among the Macro and the pico-cells. It enables flexible deployment of two or more pico-cells within a macro cell.
These results for openloop SISO (1x1) simulations are indicative of the efficacy of ICBM to not only provide much higher cell-edge throughput, but also a higher cell-average throughput. While these results considered only the Macro reuse-1 deployment, similar enhancement in throughput is expected also in the HetNet case with 2 to 10 Pico eNBs per sector.
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Fig1a: Time domain resource partitioning
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Fig. 2 – Block Diagram of proposed ICBM Scheme






























































# of scheduled users with zero throughput is 40% for generic reuse-1 system, and is about 8% for the proposed ICBM based system





Fig1b: Frequency domain resource partitioning
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Fig 3 - Example deployment of HetNet using ICBM
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