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1. Introduction

Evaluation scenarios and assumptions for Coordinated Multi-Point (CoMP) transmission are currently being discussed in 3GPP RAN1 to improve overall cell spectral efficiency as well as to improve cell-edge user throughput in LTE-Advanced, taking into account the complexity of CoMP scehmes[1]. The agreement has been reached that any Downlink CoMP scheme will not include any new standardized X2 interface communication for support of multi-vendor inter-eNB CoMP, i.e. it will assume only intra-eNB scheme at 3GPP RAN1 meeting #59bis. The meeting also set up objectives of CoMP discussion at 3GPP, which is to clarify the performance gain of CoMP schemes over single-cell schemes and to clarify the need of enhanced feedback or SRS [2]. Remaining issues will be discussed at 3GPP RAN1 meeting #60.
CoMP transmission has a potential to enhance cell-average and/or cell-edge user throughputs by setting up proper CoMP sets and joint scheduling areas. Considering the limitation of its configuration and delay in real networks, effective CoMP configuration schemes are still being sought in 3GPP, although three-cell co-located scenario has been agreed as a baseline. The meeting #59bis also agreed that alternative scenarios without X2 interface can be evaluated [2]. 
In this contribution, from the operator’s viewpoint, we suggest a simple prospective and easy-to-deploy CoMP configuration scheme that should be considered in the discussion of CoMP technologies at 3GPP meetings in order to properly assess the potential merit of CoMP technology and its performance. The proposed scheme can be a deployment scenario that facilitates early deployment of CoMP transmission technology.
2. Proposed configuration of Downlink CoMP transmission

In LTE, typical eNBs are configured assuming they have three sectors. It is typical to deploy three sectors at the same site (three cells co-located) as shown in Fig. 1 (a). In the figure, three sector antennas are co-located in the center of the cell, to which a Baste Station belongs. A proposed inter-sector configuration is shown in Fig. 1 (b), where three sectors are configured by geographically separated antenna sites, which are located at the edges of a cell to which a Base Station belongs and connected by using fiber optics, e.g. Remote Radio Head (RRH) or RoF (Radio on Fiber) [3]. These three sectors represent, in practice, the minimum CoMP cooperating set and joint scheduling area.
Fig. 2 (a) and (b) shows the effective cooperation areas, in which two or three sectors cooperate each other so that throughput can be improved by CoMP transmission, for the typical three cells co-located configuration and the proposed inter-sector configuration, respectively. In the conventional three cell co-located configuration, effective CoMP cooperation area is located at the center of the cell (3-sector CoMP area) and the boundaries between neighbouring sectors within the same cell (2-sector CoMP area). The main area which exploits the CoMP transmission merit is near the center of the cell, i.e. the vicinity of the Base Station, where the signal to noise ratio (SNR) is usually high, i.e. the throughput improvement by the CoMP can mainly be obtained at the inner part of the cell along the sector boundaries. In the proposed inter-sector CoMP configuration, however, the throughput improvement by the CoMP can be available at the overall sector boundaries within the cell. This means that the proposed configuration improves throughput performance even at low SNR region where UEs are located farthest from BS transmitters/antennas.
This inter-sector CoMP configuration, therefore, should also be considered at 3GPP to evaluate a potential benefit or performance gain of CoMP scheme over single-cell schemes.
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(a) three cells co-located configuration 
(b) proposed inter-sector configuration
Fig. 1 Sector configurations
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(a) three cells co-located configuration 
　　　(b) proposed inter-sector configuration

Fig. 2 Effective cooperation areas

Fig. 3 shows deployment examples of the inter-sector CoMP configuration based on our proposal. The dotted circles show cooperation areas of the configuration. It should be noted that inter-sector CoMP scheme can flexibly be deployed to multiple neighbouring cells or isolated cells according to market demands.
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Fig. 3 deployment examples of proposed inter-sector CoMP
In addition to the cell-edge throughput performance improvement, the proposed configuration of CoMP has the following advantages;

· Easy synchronization among sectors (CoMP transmission points) since all of them belong to the same eNB by using existence RRH or RoF technology,

· No exchange of feedback, scheduling information or data transfer among eNBs over X2 interface,
· Therefore, no backhaul latency or taffic-burden is caused since all information can be handled within a single eNB in the proposed configuration.
The above merits alleviate the initial difficulty of deploying the CoMP scheme in the LTE and LTE-Advanced network. Discussions of intra-eNB CoMP schemes including feedback information, performance characteristics of CoMP schemes should consider the proposed CoMP configuration as well as the conventional 3 cells co-located configuration.
3. Achievable user capacity
In order to show a need to consider the proposed inter-sector CoMP configuration, simple and preliminary performance evaluation of user capacity was performed through a computer simulation, since detailed evaluation scenarios and models are to be determined at the future RAN1 meetings and there is no need to conduct complex and detailed simulation at this early stage of the 3GPP CoMP discussion. Detailed evaluation is for further study at the future meetings.
In the simplified evaluation, ideal equal gain combining scheme was assumed for CoMP transmission. According to the SNR at a UE receiver in each sector, Base station selects one of the transmission schemes; (1) the 3-sector coordination, (2) 2-sector coordination and (3) no coordination. By using the selected schemes, the capacity was calculated based on Shannon capacity using SNR.
Table 1 shows a set-up for the simulation. The propagation loss is assumed to be inversely proportional to the 3.5-th power of the distance, and shadowing variation was not considered for simplicity. The link gains and the noise levels are assumed to be ideally obtained.
Table 1 Simulation set-up
	Cell configuration 
	Regular Hexagonal, 3 sectors 

	Number of users per sector
	1 user

	Received SNR at cell edge
	10 dB

	Path loss
	3.5-th power law

	User distribution
	Uniform distribution in each cell

	Capacity calculation 
	Shannon capacity using SNR


Fig. 4 shows Down Link (DL) CoMP cell structure for the evaluation. Three transmit antenna sites are located at the cell edge. Fig.5 shows calculated capacity versus cumulative distribution function (CDF). The figure shows that the user capacity is improved being compared with that without CoMP scheme. The figure shows that the CoMP with the proposed configuration has a potential to significantly improve capacity. In order to properly evaluate the CoMP scheme, additional intra-eNB CoMP configuration should also be considered which is similar to inter-eNB CoMP configuration, in addition to the base line co-located configuration, since the baseline configuration of 3 cells co-located configuration may not fully demonstrate potential capability of the CoMP scheme.
It is therefore proposed that our cell-edge located CoMP configuration should also be considered for the CoMP evaluation at 3GPP.
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4. Conclusions

We proposed an alternative intra-eNB CoMP configuration without X2 interface, which can exploit full CoMP advantage and facilitates early and economical deployment of the CoMP scheme in LTE and LTE-Advanced networks in that it can easily be deployed to a cluster of cells or an isolated cell according to market demands. 
A preliminary and simple evaluation shows that the proposed configuration improves user capacity being compared with the scheme without CoMP. 
The proposed configuration should be considered for intra-eNB CoMP discussion and evaluation, in addition to the baseline scenario of the 3 cells co-located configuration.
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Fig. 4 Cell structure for evaluation





Fig.5 Total capacity of 3 sectors in a cell
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