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Introduction

In [6], Interference Cancelling Block Modulation (ICBM) was proposed for the LTE-A downlink, primarily targeted at improving the cell-edge spectral efficiency in the presence of co-channel interference (CCI). 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 subframes are allocated in each downlink frame for ICBM based precoding. 

In this contribution, we show that ICBM can be incorporated along with Reuse-1/2 deployments proposed in the case of Macro-Pico deployments [3],[4],[5], thereby enabling higher cell-edge spectral efficiencies for such HetNets. Specifically, ICBM provides a quasi-orthogonal protection against CCI, which can be used in tandem with the orthogonal protection provided by hard reuse partitioning schemes proposed in [3], [4], and [5]. Since the ICBM region (or zone) can be reused by both the macro and the pico eNBs, this increase in cell-edge spectral efficiency can be obtained with very little loss in the average cell spectral efficiency.

ICBM incorporated into Reuse ½ Macro-Pico partition

In the conventional orthogonal resource partitioning, the macro and the pico eNBs coordinate between themselves and decide on the time domain partitions (perhaps, adaptively) based on the topology and user distribution. An example of a 5:5 or reuse-1/2 partitioning between the macro and pico eNBs is shown in Fig1 below.
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Since the transmissions in the pico-cell and macro-cell are orthogonal to each other, there is no interference from macro-cell to the pico-cell or vice-versa. However the trunking efficiency of the system reduces due to partitioning of the the resource
Similar partitioning scheme is also possible in the frequency domain [3]. A scheme with both time and frequency domain partitioning is proposed in [5]. Since all the pico-cells within a macro cell 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.

In summary, the key problems associated with conventional reuse-1/2 for HetNets (i.e., using orthogonal partitioning) are as follows: 

· In flexible Het-Net deployments, the pico eNBs could be spaced apart by only 20m to 40m. In such case, inter-pico CCI may be high. Protection from pico-pico interference is then required.

· The load in the pico cell can vary dynamically, and in an uneven manner across the network. In such a case, from 5:5 (as in Fig.1), it may be required to change to 6:4 or even 3:7, depending on the loading. Any such change has to be co-ordinated over the network using the X2 interface. While this is feasible, it may be more desirable to have schemes where the pico eNBs can autonomously decide on taking (or giving up) resources without informing the macro eNBs each frame. 

· Initially, when only 2-4 picos per cell are deployed, a fraction of the pico users would experience CCI from the macro eNB. They will require protection from macro CCI. 

2.1 Quasi-orthogonal resources using ICBM 

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. The orthogonal resource partitioning (reuse-1/2) helps increase the SINR of many pico UEs. However, as stated in the previous section, it is advisable to also consider resources which can be reused both in the macro and pico cells in order to achieve high spectral efficiency. One option is to use all the 10  subframes in the pico eNB, including the 5 subframes used by the macro eNB. This option was proposed in [7]. However, these reuse-1 subframes in the pico eNB will see heavy CCI from the macro eNBs. Downlink power control by macro eNBs to alleviate this interference to picos as suggested in [7] is a possible, but rather inelegant solution.

Rather than downlink power control, we propose here a coding technique to mitigate CCI. ICBM can be viewed as a rate-1/2 coding technique over complex (QAM) symbols, where only a fixed set of precoders is used. For we propose a rate 2/4 ICBM precoder (see Section 3.1 and [6] for more details) where one of 3 possible precoders can be used by an eNB. For example, if a cell has two pico eNBs, the macro eNB will use one of the three precoders, while the pico eNBs will use the remaining two precoders. The precoded ICBM symbols will be transmitted over a predefined set of subframesSuch ICBM precoded subframes are used by both the pico and the macro eNBs. The key difference when compared to downlink power control method is that only rate control is required on the downlink, which can be done in an autonomous manner by each eNB. Even though ICBM provides only a pseudo-orthogonal protection from CCI, it uses a maximum likelihood (ML) receiver to provide a high amount of CCI rejection.

One example of such an ICBM-based orthogonal partitioning scheme is provided in Fig.2 below. Here, the macro eNBs use 6 orthogonal resources, while the pico eNBs use 2 orthogonal resources. The “green” colored slots represent ICBM precoded resources, which can be used by both the macro and pico eNBs. While the macro eNBs may always use the ICBM slots (in order to serve their cell edge UEs), the usage of ICBM slots by the pico eNBs could be based on the load experienced by them. Lightly loaded picos may use only the 2 orthogonal slots, while heavily loaded picos could use the 2 orthogonal slots and the 2 ICBM slots as well. The pico eNBs can make autonomous decisions on whether to use ICBM slots or not, without necessarily informing the macro eNBs about it. This is because the precoders are designed so that the interference floor of the network does not change by much when the pico eNBs also start using the ICBM slots. Therefore, the impact on MCS selection of the macro UEs will be nearly unaffected by the turning on or turning off of these ICBM slots by the pico eNBs. This is another major advantage of ICBM, when compared to downlink power control.




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 resources occupied 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.

3.1 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: image4.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.
3.2 MIMO Mode for ICBM

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

We now present simulation results using the LTE Het-Net test methodology. In each cell, we consider 2 pico eNBs, where the inter-site distance for pico eNBs is fixed at 20m. This is done to reflect flexible deployment scenarios where picos can be close to each other, and the pico-pico interference can be significant. For the results presented in Fig.4, we use a configuration which is not very different than 4A while in Fig.5, a configuration similar to 4B with some changes is considered. The resource portioning of the macro eNBs and pico eNBs follows the example in Fig.2.
Table1: Simulation Parameters. 
	Parameter
	Value

	Cellular layout
	Hexagonal layout with wrap around, 7 eNodeBs,  and with 3 cells per eNodeB

	System frequency
	2 GHz carrier, 10 MHz bandwidth

	ISD
	500m

	UE deployment
	10 UEs per cell

	Distance-dependent path loss
	TR 36.814 Heterogeneous Deployment (Model 1)

	Number of Hot zones
	2 per cell

	Shadowing standard deviation
	10 dB

	Channel model
	Extended Vehicular A

	Minimum distance between UE and Macro & UE and Hotzone
	10m

	Thermal noise density
	-174dBm/Hz

	eNodeB Tx power
	46 dBm

	Hotzone Tx power
	30 dBm

	eNodeB antenna gain
	17 dBi

	Hotzone antenna gain
	5 dBi

	UE noise figure
	7 dB

	Penetration Loss between UE and Macro & UE and Hotzone
	20 dB

	Traffic Model
	Full buffer

	Scheduling Algorithm
	Proportional Fair

	Feedback  Periodicity
	5 ms

	Scheduling granularity
	Reuse-1 users: 5 PRBS; ICBM users: 10 PRBS

	Number of eNodeB antenna
	1

	Number of UE antenna
	2

	Downlink receiver type
	Reuse-1 users: MMSE; ICBM users: ML 

	Channel estimation
	Ideal

	Hybrid ARQ
	Incremental Redundancy



Fig4: Throughput CDF for Reuse-1/2, and Reuse-1/2 +ICBM. Here, ICBM is used for all macro UEs with SINR < 4dB, and for all pico UEs with SINR < 6dB. This is for 2 picos per cell with configuration 4a, and range expansion factor 0dB (i.e., no range expansion)
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Fig5: Throughput CDF for Reuse1/2 and Reuse ½+ICBM. Here, ICBM is used for all macro UEs with SINR < 4dB and all pico UEs with SINR < 6dB. This is with 2 picos per cell with configuration 4b, and range expansion factor 0dB
	E Ped.A channel
	Reuse-1/2 

5% SE and Cell SE
	Reuse-1/2 + ICBM
5% SE and Cell SE

	2 Pico per Cell 

(without range extension) 

Configuration 4a
	0.25 and 2.19
	0.55 and 2.25

	2 Pico per Cell (without range extension)

Configuration 4b
	0.25 and 2.18
	0.5 and 2.13


Table 2: Average Spectral Efficiency (in b/s/Hz) computed over last 300 frames; the results in blue color for 5% spectral efficiency or cell edge SE is read from the cdf curves in Fig. 4 and Fig. 5, respectively. The cell average SE is determined from simulations, only for the LTE downlink. 
In the above figures, the green curve represents the CDF of the spectral efficiency for all the users.

The black curve represents the CDF for a reuse-1/2 deployment.

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 open-loop SIMO (1x2) simulations indicate that:

1. In tandem with orthogonal resource partitioning (reuse-1/2), ICBM can provide significantly higher cell-edge throughput (at 5% point, typically 2 times better) when compared to a conventional MMSE receiver based reuse-1/2 deployments. This is very important for flexible Het-Net deployments, or in other interference limited deployments.
2. The cell average spectral efficiency of ICBM+reuse1/2 is comparable to that of the conventional reuse-1/2 designs such as in [3], [4], and [5].
When the load fluctuates in the pico cells, the pico eNBs can autonomously decide to take (or give up) the ICBM slots without informing the macro eNBs, since this has only a negligible impact on the interference floor and MCS selections of neighbouring macro/pico eNBs. Furthermore, the proposed 2/4 ICBM precoder can easily be incorporated into the transmit chain. The 2-symbol ML receiver required for ICBM decoding (see [6] for details) can be implemented with very low complexity for square QAM constellations.
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Fig1: Time domain resource partitioning where the macro and pico eNBs get orthogonal resources. The above example is for exactly reuse-1/2 partitioning between the macro and pico eNBs
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Fig2: Orthogonal + ICBM time domain resource partitioning. In this example, macro eNBs use 6 orthogonal slots and the pico eNBs use 2 orthogonal slots. The 2 ICBM slots, which provide quasi-orthogonal protection from CCI, are used by both the macro eNBs and the pico eNBs (but with a planned ICBM precoder assignment as shown in Fig.3). This may be viewed as a 6:2:2 assignment, where the 2 slots marked in yellow correspond to ICBM slots which can be used by both the eNBs. Henceforth, we refer to this as a reuse-1/2+ICBM resource partitioning scheme.





Fig 3 - Example deployment of HetNet using ICBM
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