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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. The following agreement was achieved in RAN1#86bis[2]:
Agreements:
· At least the following enhancements should be studied for CS/CB enhancement:
· CSI feedback enhancement
· e.g. CSI feedback reflect different interference beamforming hypothesis from coordinated TPs .
· e.g. CSI feedback considering power adjustment
· e.g. only CSIs regarding TPs with strong interference are reported
· Interference measurement enhancements
· e.g. NZP CSI-RS used for measuring interference from coordinated TP.
· e.g. aperiodic CSI-IM
· e.g. measurement restriction in the frequency domain 
· Enhancement to non ideal backhaul 
· e.g. PMI/CRI signalling between eNBs 
· Enhancement to reference signals
· e.g. support of orthogonal DM-RS ports for multi-point MU-MIMO
· e.g. SRS configuration signalling between eNBs 
· e.g. Multiplexing of CSI-RS resources with IC
· e.g. Resource pool sharing for channel and interference measurement
· QCL enhancement
· e.g. non co-located CSI-RS resources in Class B FD-MIMO
· Enhancement to SRS:
· e.g. enable eNB to measure the SRS from interfering UE(s).

 In this contribution, we presents Samsung’s view on the potential enhancement of coordinated beamforming with FD-MIMO to reduce the inter-cell interference.
Coordinated beamforming with FD-MIMO
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 coordinated beamforming of FD-MIMO
Tables 1, 2 and 3 illustrate evaluation results for various deployment scenarios. The baseline is FD-MIMO system and the gain of coordinated beamforming using FD-MIMO over baseline is showed there.  
The simulation configuration includes:
· Network with totally 19 sites and 57 cells. 
· Each cell has 10 UEs by average. 
· Each eNB is equipped with 64 physical antennas, 8×4 cross-polarization antennas. 
· The traffic is full buffer and the scheduler is greedy scheduler with PF metric. 
· The deployment scenarios are: 3GPP Umi scenario with ISD = 200 meters, 3GPP Umi scenario with ISD = 500 meters and 3GPP Umi scenario with high LoS probability and with ISD = 200 meters
· Two configurations were simulated. In configuration 1, each eNB does inter-cell interference suppression by FD-MIMO to 13 inter-cell UEs. In configuration 2, each eNB does inter-cell interference suppression by FD-MIMO to 6 inter-cell UEs. 
· The baseline scheme is FD-MIMO without inter-cell coordinate beamforming.
Table 1: Umi with ISD= 200.
	
	Gain over baseline

	
	Configuration 1
	Configuration 2

	Average Cell Throughput 
	17% gain
	10% gain

	5ptile of UE throughput
	78% gain
	77% gain



Table 2: Uma with ISD= 500.
	
	Gain over baseline

	
	Configuration 1
	Configuration 2

	Average Cell Throughput 
	6% gain
	11% gain

	5ptile of UE throughput
	25% gain
	18% gain



Table 3: Umi+ high LoS probability with ISD= 200.
	
	Gain over baseline

	
	Configuration 1
	Configuration 2

	Average Cell Throughput 
	25% gain
	10% gain

	5ptile of UE throughput
	65% gain
	24% gain



Observation 1: Coordinated beamforming with FD-MIMO to suppress inter-cell downlink interference provides significant system throughput improvement. 

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.

SRS enhancement
To facilitate the coordinated beamforming of FD-MIMO in TDD operation, some enhancement to the SRS is needed. One enhancement is the SRS configuration coordination between BSs. In each cell where some UEs is the inter-cell interference victim and the system wants to operate coordinate beamforming to those UEs, the BS needs to configure some SRS resource (it is called as special SRS here) dedicated for SRS transmission targeting to some neighbour BSs and also schedule the victim UEs to those SRS resource. The BSs also need to notify the configuration of those special SRS to neighbour BSs so that the neighbour BSs are aware of detecting inter-cell channel information from them.
Another enhancement is the special uplink power control on the special SRS transmission. The transmission on special SRS is targeting to neighbour BSs. The transmission distance is generally larger than the normal SRS transmission targeting to the serving BSs. Special uplink power control is needed for the special SRS transmission.

Proposal 1: Consider the enhancement of SRS to facilitate the coordinated beamforming with FD-MIMO in TDD operation, which can include
· The SRS configuration coordination between BS
· Special power control on SRS for inter-cell measurement.

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 1: Coordinated beamforming with FD-MIMO to suppress inter-cell downlink interference provides significant system throughput improvement. 
[bookmark: _GoBack]Proposal 1: Consider the enhancement of SRS to facilitate the coordinated beamforming with FD-MIMO in TDD operation, which can include
· The SRS configuration coordination between BS
· Special power control on SRS for inter-cell measurement.
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