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Introduction
In the last RAN plenary (RAN#71), a study item on ‘Further enhancements to coordinated multi-point operation’ was approved [1]. The SI will study and evaluate potential enhancement for multi-point coordination techniques in dense deployment scenarios. Inter-cell interference would be a severe issue in dense deployment. In this contribution, we presents Samsung’s view on the potential enhancement with FD-MIMO to reduce the inter-cell interference.
Coordinated beamforming with FD-MIMO
As mentioned in the SI [1], the dense deployment scenarios are the target deployment scenarios for the SI. In dense deployment, the issue of inter-cell interference becomes more severe as there is more overlapping coverage area among multiple transmission points or eNBs. FD-MIMO system allows more flexible beamforming mechanisms thanks to the large number of antennas and is expected to be beneficial to mitigate the inter-cell interference issue in dense deployment.
In the uplink transmission, the inter-cell interference is from the uplink transmission of UE in neighbour cells. The FD-MIMO system can use interference suppression reception technique, for example, IRC (interference rejection combining) to reduce the uplink interference.
In the downlink transmission, the inter-cell interference is from an eNB to a UE served by another eNB. For eNB with FD-MIMO system, the eNB uses FD-MIMO precoding to transmit to one UE through beamforming/SU-MIMO, or to multiple UEs through MU-MIMO. FD-MIMO precoding without consideration for UEs in neighbouring cells (inter-cell UEs) may cause strong downlink inter-cell interference to some UEs in neighbour cells, especially, those UEs close to cell boundary. However, the eNB with FD-MIMO system could apply coordinated beamforming to reduce the downlink inter-cell interference to some inter-cell UEs, as illustrated in figure 1. 


Figure 1 illustration of coordinated beamforming with FD-MIMO to reduce the downlink inter-cell interference
One example is that the eNB can apply a FD-MIMO precoding such that the signal leakage to some inter-cell UEs is minimized or below to some threshold (maximization of signal-to-leakage-and noise ratio (SLNR)). Assume the eNB with M antennas aims to reduce the interference to  UEs that are in the coverage area of other eNBs, and the channel for each of these  UE is:

with . Denote the channel for  data streams which the eNB transmits to its desired UEs as:

with .  Those  data streams can be the data streams sent to multiple UEs or they could also be the multiple layers of data streams sent to one UE. The precoding weight for data stream  can be calculated by maximizing tha ratio of signal to intra-data stream leakage/leakage to victim UEs and noise:

and the solution is 
where  is the weighting-factor tuneable for each target UEs and  denotes the power of thermal noise.
Table 1 illustrates our preliminary system level simulation result to show the potential significant gain from coordinated beamforming with FD-MIMO for a TDD system. In the simulation, each eNB is equipped with 64 physical antennas. 3GPP Umi scenario with ISD = 200 meters. The simulation network has 57 cells and 10 UEs in each cell. The scheduling scheme is greedy scheduler with PF metric and the traffic model is full buffer. Simulation results shows significant system performance improvement, with 17% improvement in average cell throughput and 78% gain in throughput of cell-edge UEs.
Table 1: Gains of coordinated beamforming with FD-MIMO
	
	FD-MIMO
	Coordinated beamforming with FD-MIMO

	Average Cell Throughput (Mbps)
	11.545
	13.5 (17% gain)

	5ptile of UE throughput (Mbps)
	0.251
	0.448 (78% gain)



To enable coordinated beamforming, the eNB needs to know the CSI information of the downlink channel between this eNB and the inter-cell UEs which this eNB aims to reduce the downlink interference to. Solutions for identification of the victim inter-cell UEs for downlink inter-cell interference suppression should also be studied.
Based on the above discussion, we have the following observation and proposals:

Observation: Coordinated beamforming with FD-MIMO to suppress inter-cell downlink interference provides significant system throughput improvement. Our initial results show 17% improvement in average cell throughput and 78% gain in throughput of cell-edge UEs).

Proposal 1: Coordinated beamforming schemes with FD-MIMO to suppress downlink inter-cell interference should be studied.

Proposal 2: To support coordinated beamforming with FD-MIMO, solutions to enable an eNB to obtain the interfering channel info to victim inter-cell UEs should be studied.   

Proposal 3: Solutions for identification of the victim inter-cell UEs for downlink inter-cell interference suppression should be studied.

Conclusions
In this contribution, we proposed a coordinated beamfoming with FD-MIMO scheme and presented the potential significant throughput improvement from FD-MIMO suppressing downlink inter-cell interference. Based on the discussion in this contribution, we have the following observation and proposals:

Observation: Coordinated beamforming with FD-MIMO to suppress inter-cell downlink interference provides significant system throughput improvement. Our initial results show 17% improvement in average cell throughput and 78% gain in throughput of cell-edge UEs.

Proposal 1: Coordinated beamforming schemes with FD-MIMO to suppress downlink inter-cell interference should be studied.

Proposal 2: To support coordinated beamforming with FD-MIMO, solutions to enable an eNB to obtain the interfering channel info to victim inter-cell UEs should be studied.   

Proposal 3: Solutions for identification of the victim inter-cell UEs for downlink inter-cell interference suppression should be studied.
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