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1 Introduction
Coordinated multiple point (CoMP) transmission/reception is proposed for LTE-A to improve coverage and to increase cell-edge and aggregate system throughputs. CoMP transmission/reception is also considered as an effective approach for inter-cell interference coordination (ICIC) in LTE-A due to inherent joint scheduling/processing at the coordinated cells. Downlink CoMP transmission is divided into two categories [1]:

· Coordinated scheduling and/or beamforming

· Joint processing/transmission 

In the category of coordinated scheduling/beamforming, the data to a single UE is transmitted from the eNB of the serving cell of the UE only; however, scheduling decisions are coordinated to control, e.g., the interference generated in a set of coordinated cells. In the joint processing/transmission category, data to a single UE is simultaneously transmitted from multiple eNBs, e.g., to (coherently or non-coherently) improve the received signal quality and/or cancel actively interference for other UEs.
Coordination among all eNBs in the system provides significant increase in cell-edge and average cell throughputs [2]. However, data/CSI sharing among all eNBs in the system requires high backhaul capacity and is too complex to implement. To reduce the complexity, cooperation among a limited number of eNBs for communicating with a particular UE may be considered. One issue related to CoMP transmission/reception is then to determine the coordinated cell cluster serving a specific UE in order to have, e.g, the largest cell throughput for an accepted level of scheduling complexity and backhaul capacity. In this contribution, we discuss some cell clustering approaches for CoMP transmission.
Besides cluster selection, the throughput gain due to CoMP transmission/reception depends on the level of data/CSI sharing among eNBs in the coordinated cluster. In this contribution, we also evaluate the performance of different data/CSI sharing scenarios. 
2 Cell Clustering for CoMP

2.1 Pure UE-Specific Clustering

The cluster of coordinated eNBs to serve a particular eNB is selected based on the long-term channel conditions. In a pure UE-specific clustering approach, the cluster of coordinated cells/sectors is chosen based on the preference of the UE. For a fixed cluster size, this approach provides the largest throughput gain. However, this approach requires scheduling among all eNBs in the system rather than the eNBs in the coordinated cluster. This is due to the fact that the coordinated clusters corresponding to different UEs may overlap and this requires coordination among all overlapping clusters, which can be the whole network. A pure UE-specific clustering approach is then very complex from a scheduling point of view. 
2.2 Fixed Clustering

In the fixed clustering approach, the network is divided into non-intersecting coordinated clusters and scheduling is required only among the eNBs in the cluster for serving any UE located in the same cluster. The fixed clustering approach has low scheduling complexity; however, it provides limited throughput gain. Fig. 1 illustrates an example of fixed clustering approach of size three sectors. The network is divided into coordinated clusters (1,6,20), (2,9,10), (3,13,17), and so on. 
2.3 Proposed UE-Specific Clustering

We introduce a UE-specific clustering approach where the cluster of eNBs serving a particular UE is a subset of a larger fixed cluster rather than the whole network. This approach requires scheduling among the eNBs in the larger fixed cluster (rather than all eNBs in the network) and can provide most of the achievable throughput gain. Fig. 2 illustrates an example of the proposed UE-specific clustering approach.
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Fig. 1: Fixed cluster of size three. Sectors 1, 6, and 20 are coordinated to serve UEs within the cluster.
[image: image2.jpg]



Fig. 2: The proposed UE-specific cluster of size three. Sector 1 is coordinated with two other sectors within the shaded area. 

Fig. 3 compares the SINR geometry for different clustering approaches. The downlink of a cellular network with 19 hexagonal cells and three sectors per cell has been considered. ISD = 500m, and antenna front-to-back gain = 20dB. The channels are modelled based on distance-dependent attenuation and shadowing. CoMP transmission is only applied to UEs with received (pre-CoMP-)SINR less than SINR​th=0 dB. The post-CoMP-SINR (SINR after CoMP) is calculated by turning two (out of 56) interfering signals into the desired signal. This corresponds to open-loop transmit diversity scheme on three coordinated eNBs.
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Fig. 3: The SINR geometry for different clustering approaches.
3 Data/CSI Sharing Scenarios
The throughput gain due to CoMP transmission depends on the transmission scheme employed by the coordinated eNBs. In this section, we compare the SINR/throughput gain for different schemes. For convenience, we consider single-layer transmission with single antenna eNBs and UEs. 
3.1 Coordinated Scheduling

Consider the following simple coordinated scheduling scheme among three coordinated eNBs. For transmission of the first RB, eNB2 and eNB3 remain quiet while eNB1 transmits with power 3P to UE1. The next RB is transmitted to UE2 by eNB2 with power 3P while eNB1 and eNB3 are quiet, and so on. This simple scheme belongs to the first category discussed in the introduction section. The pre-CoMP-SINR for UE1 is given by
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Where 
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is the sum of the interference caused by other eNBs which do not belong to the coordinated eNBs serving UE1 and the noise. The post-CoMP-SINR is given by
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The corresponding throughputs are given by
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respectively. The factor 
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is included to take into account the fact that the UE is served one third of the time. It should be noted that power amplifier limit for each eNB is not violated in the above CoMP approach if the sum of the powers on different sub-bands remains constant. 
3.2 Transmit Diversity

If the data of UEs are shared among three coordinated eNBs, then open-loop transmit diversity scheme can be used. The resulting throughput is given by
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It is interesting to see that the throughput of the coordinated scheduling scheme is larger than that of the transmit diversity scheme as 
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3.3 Optimal Precoding

If both data and CSI of UEs are shared among coordinated eNBs, precoding can be applied. The transmitted vector corresponding to optimal precoding is given by
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. The received signal at UE1 is given by
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The resulting SINR and throughput is given by
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respectively. Fig. 4 depicts the SINR geometry with CoMP transmission for different data/CSI sharing scenario described in this section. In the simulation, only UEs with 
[image: image18.wmf]-

+

>

R

R

are served under CoMP transmission. The rest of the UEs are served by their sector eNB only. Fixed clustering approach of size three has been used (See Fig. 1). Based on our criterion for serving under CoMP transmission, the percentage of UEs served under CoMP transmission in the simulation turns out to be 19.5% for optimal precoding, 10.8% for coordinated scheduling, and 2.8% for transmit diversity. The corresponding rate curves are depicted in Fig. 5.
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Fig. 4: SINR geometry for different data/CSI sharing scenarios.
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Fig. 5: Rate geometry for different data/CSI sharing scenarios.

4 Which UEs should be served under CoMP transmission?
From a theoretical point of view, if optimal transmission scheme is employed at the coordinated eNBs, which in general requires simultaneous transmission from eNBs to all UEs (i.e., CoMP-MU-MIMO operation mode [3]), then there is throughput gain in serving both cell-centre and cell-edge UEs under CoMP transmission. However, if the coordinated eNBs only serve one UE at any given time (i.e., CoMP-SU-MIMO operation mode), then there can be throughput loss in serving cell-centre UEs under CoMP as discussed in [4]. 
In [4], pre-CoMP SINR is used as a measure to decide which UEs are served under CoMP transmission. A more targeted approach is to compare 
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, which is not much more complex than SINR calculation. Given the costs of the CoMP transmission approach, a UE may be served under CoMP transmission if 
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, where 
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is the cost factor. 
One approach to increase the system throughput with CoMP transmission is to consider variable-size clusters for serving different UEs. For example, in a CoMP scenario with three coordinated points, some UEs will be served only by one eNB, some UEs will be served by two eNBs, and the rest will be served by all three coordinated eNBs. The decision on how many eNBs serve a particular UE can be made again based on comparing 
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for different number of serving eNBs. 
5 Summary
We compared different clustering approaches for CoMP transmission/reception and evaluated their corresponding SINR enhancement, as a measure of ICI mitigation. We also considered different data/CSI sharing scenarios among eNBs and compared their corresponding rate/SINR gains. We introduced a criterion for deciding which UEs are served under CoMP transmission which involves variable-size clustering.
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