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1. Introduction
Coordinated Multipoint (CoMP) transmission has been proposed as an important technology in 3GPP LTE-Advanced to improve the high data rate coverage and increase cell edge throughput [1]. In CoMP, multiple eNBs are aggregated and inter-cell interference can be mitigated or eliminated by proper beamforming design. There are two major techniques in CoMP [2]: joint processing and coordinated beamforming. In coordinated beamforming, the data stream for each UE is transmitted from a single eNB, and the beamformer design for each eNB is coordinated among the cooperating eNBs so that inter-cell interference can be minimized. In joint processing, data for the same UE are transmitted from different eNBs. Joint processing can achieve higher system throughput but require the transmit data for different users to be available at each cooperating eNBs. The exchange of UEs’ data between cooperating eNBs will lead to a huge burden for the backhaul. Thus, in joint processing, how to choose the eNB cooperation sets and how to exchange the user data amongst eNBs are crucial for the system performance.
Proposals on joint processing and coordinated beamforming schemes can be found in [3], [4]. Whether and how to incorporate joint processing and coordinated beamforming into the specification can be found in e.g., [5], [6]. Methods on eNB clustering have also been discussed in many previous contributions [7]—[9], with different criteria. 
In this contribution, we consider clustering methods determining the cooperating eNBs in order to alleviate the requirement on the backhaul capacity amongst cooperating eNBs. Specifically, we aim to minimize the backhaul data exchange between cooperating eNBs, subject to given signal to interference-plus-noise ratio (SINR) requirements in the downlink.
2. System Setup and Clustering Methods
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Fig. 1. System setup. Multiple eNBs are transmitting to multiple UEs. If the jth eNB has the data for the ith UE, i.e., 
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, we say there exist a link between the jth eNB and the ith UE.
The considered system setup is shown in Fig. 1. B eNBs cooperate to transmit to K UEs using the same resources. xi denotes the data symbol for the ith UE, where 
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. pij denotes the allocated power at the jth eNB for the data symbol of UE i, where 
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. When pij=0, it means that the data for UE i is not allocated on eNB j. If the jth eNB has the data for the ith UE, i.e., 
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, we say there exist a link between the jth eNB and the ith UE.
In order to minimize the data exchange amongst eNBs, we need to keep minimal number of cooperating eNBs in the transmission set, instead of keeping all the available eNBs in the CoMP reporting set. To do so, it is equivalent to forcing as many pij to zero as possible. Subject to the SINR and per-eNB power constraints, the problem can be expressed as follows:
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The first inequality denotes the SINR constraint, and the second inequality denotes the per-eNB power constraint. Furthermore,
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Here 
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denotes the channel from eNB j to UE i, and 
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denotes the beamforming vector (normalized to 1) for the data stream of UE i on the eNB j. The denominator represents noise variance plus all the interference signal power.
However, this is a nonconvex optimization problem. Such problems can be solved by exhaustive search. However, the complexity of exhaustive search is exponential and is not practical in real-world applications.

In the following, we present two low-complexity methods that try to minimize the number of cooperating eNBs subject to certain SINR and power constraints. The methods are heuristic, but work well in practice. For eNBs with multiple antennas, the methods decide both the beamforming vectors and the power allocation at the same time.
2.1. SLR-Based Clustering Method

In this section, we propose a clustering method based on the signal-to-leakage ratio (SLR) of each data stream.

First, we ask all the cooperating eNBs to feedback the channel state information (CSI) to the central scheduler.

The central scheduler assumes that all the eNBs can cooperate, and solves the following convex optimization problem
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If we can find such pij and 
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 that satisfy the SINR and per-eNB power constraints, it means that such constraints can be satisfied by the cooperating eNBs.

Then we calculate the SLR for each data stream {i, j} and sort them from the lowest to the highest. Here the SLR for the data stream {i, j} is defined as
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Set the pij that corresponds to the lowest SLR to 0, and check the following feasibility problem that is convex and easy to solve:
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If we can find such pij and 
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, we can repeat the steps until it is infeasible. Within this process of removal links, 
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The workflow of the SLR-based clustering method is summarized in Fig. 2.
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Fig. 2. Workflow for the SLR-based clustering method

2.2. Channel Strength-Based Clustering Method

Another method is based on the channel strength. Here the channel strength for the {i, j}-th link is defined as 
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.The method works as follows:

First, we ask all the cooperating eNBs to feedback the CSI to the central scheduler.

The central scheduler assumes that all the eNBs can cooperate, i.e., all the eNBs have all data for UEs. It solves the following convex optimization problem
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If we can find such pij and 
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 that satisfy the SINR and per-eNB power constraints, it means that such constraints can be satisfied by the cooperating eNBs.

Sort the channel strength for the links from the lowest to the highest, and set the pij that corresponds to the lowest channel strength to 0, and check the following feasibility problem:
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If we can find such pij and 
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, we can repeat the steps until it is infeasible. Within this process of removal links, 
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The workflow of the channel strength-based clustering method is summarized in Fig. 3.
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Fig. 3. Workflow for the channel strength-based clustering method

3. Information Exchange Mechanism

The procedure of the proposed mechanism is outlined as follows:

1. The channel state information (CSI) within the CoMP reporting set is conveyed to the central scheduler.
2. The central scheduler checks if the QoS requirements can be satisfied if full cooperation of all cells within the CoMP reporting set is assumed. Here the central scheduler can be one of the eNBs elected from the cooperating eNBs.
3. The central scheduler removes one of the links based on certain predetermined criteria and re-check if the QoS requirement can still be satisfied.

4. The central scheduler repeats 3 until it is infeasible to satisfy the QoS requirement.

5. The scheduler informs which eNBs in the CoMP transmission set to exchange data. It also informs the corresponding eNBs about their precoders and power allocation.

The diagrams showing the information exchange are shown in Fig. 4.
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Fig. 4. Information exchange mechanism for the proposed methods
4. Performance Evaluation
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Fig. 5. Cell deployment

We consider the cell deployment as shown in Fig. 5, which corresponds to the reference CoMP coordination cell layout for scenario 2 in [10]. The simulation parameters are summarized in Table. 1. Sites of the same color form the CoMP cooperating sets. In each simulation run, we pick up one UE from each site, and let the corresponding cells in the cooperating sites form the CoMP clusters. The downlink channel state information (CSI) is assumed to be known to the cooperating eNBs within each CoMP cluster. Since there are 7 CoMP cooperating sets (5 with 3 sites and 2 with 2 sites), there are altogether 3500 simulation runs.
The SINR requirement 
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 for each UE is set to be 4.3dB, which is the reference SINR for 4/5 rate QPSK [11]. According to our definitions, if the jth eNB has the data for the ith UE, i.e., 
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, we say there exist a link between the jth eNB and the ith UE. We aim to establish as few links as possible, while still satisfying the SINR requirements.
Table 1. Summary of simulation paramenters

	Number of sites
	19 with wrap-around

	Channel Model
	UMa

	UE location distribution
	uniform

	Number of cells per site
	3

	Number of simulations per CoMP cluster
	500

	Number of cells per CoMP cluster
	2 or 3

	Number of antennas per cell
	2

	Antenna pattern
	3D with 12º downtilt, based on 36.814

	Number of antennas per UE
	1

	SINR requirement
	4.3dB


The distribution of the remaining number of links and the sum transmit power at cooperating eNBs for the SLR-based clustering method and the channel strength-based clustering method are shown in Fig. 6 and Fig. 7, respectively. For example, in Fig. 6, when the remaining number of links is 9, it means that each of the 3 cooperating eNBs must exchange all the data for the 3 UEs (see Fig. 1). When the remaining number of links is 3 for the 3 cooperating cell case, it means that each UE only sees one eNB transmitting its data, i.e., each UE’s data is not allocated to more than one eNBs. According to Fig. 6 and Fig. 7, both methods show similar performance. 

Fig. 8 shows the case of full cooperation at cooperating eNBs, i.e., UEs’ data are exchanged at all the cooperating eNBs as shown in Fig. 1. As shown in Fig. 8(a), the number of links under full cooperation case is at their maximum, i.e., 4 or 9. Comparing the sum transmit power in the full cooperation case (Fig. 8(b)) with the sum transmit power in the proposed method (Fig. 7), we can see that the distribution is quite similar. That means our proposed methods do not require much additional transmit power at eNBs while reducing the backhaul data exchange. The comparison of the average number of remaining links and the average sum transmit power is shown in Table 2. We can see that the proposed methods greatly reduce the number of links while only requiring little transmit power increase compared to the full cooperation case. 
Table 2. Comparison of the average number of remaining links and the average sum transmit power
	
	Average number of links
	Average sum transmit power 

(x 46dBm)
	SINR requirement

	SLR-based method
	3.0083
	1.0927
	4.3dB

	Channel strength-based method
	3.0191
	1.0909
	4.3dB

	Full cooperation
	7.5714
	1.0579
	4.3dB
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Fig. 6. Distribution of the remaining number of links ((a) SLR-based clustering method, (b) channel strength-based clustering method)
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(b)

Fig. 7. Distribution of the sum transmit power at cooperating eNBs ((a) SLR-based clustering method, (b) channel strength-based clustering method)
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(b)

Fig. 8. Distribution of the number of remaining links and the sum transmit power at eNBs in full cooperation case

5. Summary

In this contribution, we have presented dynamic clustering methods for eNB cooperation, with the following characteristics:

· The proposed methods optimize the allocation of UE data at eNBs so that the data exchange over the backhaul can be minimized.
· The proposed methods determine the beamforming vectors, the power allocation at eNBs and cooperating eNBs at the same time.
· Compared to the full cooperation case, the proposed methods only require little increase in sum transmit power while reducing the amount of data exchange amongst cooperating eNBs.
References
[1] 3GPP TR 36.814 v9.0.0, “Evolved Universal Terrestrial Radio Access (E-UTRA); Further advancements for E-UTRA physical layer aspects”, Mar. 2010

[2] R1-110060, “Views on CoMP transmission schemes”, CATT

[3] R1-090585, “Joint processing downlink CoMP precoding support”, Texas Instruments

[4] R1-110252, “Coordinated beamforming schemes for CoMP”, Intel Corporation (UK)

[5] R1-110172, “Views on Rel-11 CoMP”, ZTE
[6] R1-110176, “Views of further studies on downlink CoMP”, Hitachi
[7] R1-092838, “Adaptive cell clustering for CoMP in LTE-A”, Hitachi Ltd

[8] R1-091919, “Updates on cell clustering for CoMP transmission/reception”, Nortel

[9] R1-090657, “Dynamic cell clustering for CoMP”, LG Electronics
[10] 3GPP TR 36.819 v1.0.0, “Technical Specification Group Radio Access Network; Coordinated Multi-Point Operation for LTE Physical Layer Aspects (Release 11)”, May 2011
[11] A. Ghosh and R. Ratasuk, “Essentials of LTE and LTE-A”, Cambridge University Press, 2011





























































































































































































































































































- 3/7 -

_1375012468.unknown

_1375018095.unknown

_1375079286.unknown

_1375079332.unknown

_1375018137.unknown

_1375017765.vsd
Calculate the SLR for each data stream


Set the power corresponding to the weakest SLR to zero


No


Check feasibility


Exit with previous solution


arrange the SLR values from the lowest to the highest


Yes


Exit to link adaptation


No


Yes


Check if the SINR and power constraints are feasible under full cooperation



_1375017799.vsd
Check feasibility


arrange the values from the lowest to the highest


Set the power corresponding to the weakest channel to zero


Calculate the channel strength matrix


Yes


Exit to link adaptation


No


Check if the SINR and power constraints are feasible under full cooperation


Exit with previous solution


Yes


No



_1375014357.vsd
�

�

�


_1375014373.vsd
�

�

�


_1374589627.unknown

_1374589706.unknown

_1374651885.unknown

_1374914220.unknown

_1374589958.vsd
�

�

�


_1374589735.unknown

_1374589743.unknown

_1374589726.unknown

_1374589656.unknown

_1374589688.unknown

_1374589635.unknown

_1374589564.unknown

_1374589597.unknown

_1374589609.unknown

_1374589577.unknown

_1374589516.unknown

_1374589552.unknown

_1374589481.unknown

