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1 Introduction
Maintaining coverage is important when introducing antenna arrays at the eNB, particularly when each TXRU is connected to a single antenna sub-element. In this contribution we study the coverage aspects of CSI-RS assuming K=1, i.e. each TXRU is connected to a single antenna element. 

Traditionally, an antenna sub-array with K>1 antenna elements has been assumed for each TXRU to provide a narrower sector beam in elevation. Before the 3D channel model was developed a vertical beamwidth of 10 degrees was used in simulations with 17 dBi directive gain. In this SI, K=1 solutions are being studied, to provide very flexible digital beamforming in azimuth and elevation domains. When such TXRU mappings are used, then the antenna gain for each TXRU or antenna element is much less than earlier since the vertical antenna element beamwidth is now 65 degrees instead of 10 degrees. The maximal directive gain is limited to 8 dBi for the single antenna element.  It is highly important to consider the cell coverage when using such antenna configurations, particularly for K=1 but also for K values (sub-array sizes) up to K=8 which would give the 17 dBi maximal antenna gain that has been assumed earlier.  

2 On the CSI-RS transmission alternatives
We assume K=1 in the following discussion, i.e. each TXRU is mapped to a single antenna element. There are basically two approaches to transmitting CSI-RS:

1. Antenna element specific CSI-RS, i.e. K=1 so CSI-RS transmission has low directivity
2. Beam or sector specific CSI-RS, so CSI-RS transmission has higher directivity. This can for instance be implemented with K>>1 or using a beamforming of the CSI-RS over multiple TXRUs, each with K=1. 
Case 2 above would correspond to cell-specific (or UE specific) beams, each associated with a CSI-RS and this would enhance the SNR of the CSI-RS since array gain is obtained. 
The benefit of case 2 is enhanced CSI-RS coverage but the drawback is less spatial adaptation and there would be more frequent RRC signaling overhead to reconfigure the UE to measure on another CSI-RS when the UE is moving across different beams. Alternatively, the CSI-RS could track the UE, if possible, based on uplink measurements or on RSRP feedback based on discovery reference signals (DRS). Whether and how this is feasible should be further studied. 
3 System simulation results of CSI-RS coverage
We have performed simulations to investigate the coverage issue for the two cases listed in the previous section at both 2 GHz and 3.5 GHz carrier frequencies and for 3D-UMa and 3D-UMi with 500m and 200m ISD respectively. A system simulation has been performed to investigate the SINR when measuring the channel when CSI-RS is transmitted from a single antenna sub-element. It has been assumed that the full power per RE can be transmitted on that CSI-RS REs and that interference comes from CSI-RS, i.e. the adjacent cell also uses full power CSI-RS transmissions on the same REs. By aligning CSI-RS in this way, the severe CSI-RS interference to PDSCH is avoided. We have also investigated the CSI-RS SINR using CSI-RS beamforming with a single column and K=M antenna elements and cross polarized antennas (P=2). All cells in the system use this beamforming so beamformed CSI-RS in target cell is potentially interfered by beamformed CSI-RS in the adjacent cell. 
In Table 1 below, the SINR at 5th percentile CDF of the CSI-RS RE SINR are shown. The complete CDFs are given in the appendix.  
Table 1 5th percentile CDF values for SINR measured on CSI-RS [dB]
	
	Antenna element CSI-RS
	M=4
Beamformed CSI-RS
	M=8
Beamformed CSI-RS
	M=16
Beamformed CSI-RS
	M=32
Beamformed CSI-RS

	3.5 GHz UMa
	-4.71
	-4.43
	-3.36
	-3.07
	-3.29

	2.0 GHz UMa
	-4.62
	-3.54
	-3.15
	-2.98
	-3.12

	3.5 GHz UMi
	-4.03
	-4.11
	-3.79
	-3.70
	-3.71

	2.0 GHz UMi
	-4.10
	-3.86
	-3.79
	-3.64
	-3.69


From these results we observe:
· Beamformed CSI-RS could give significant coverage increase compared to antenna specific CSI-RS
· Coverage can be extended with up to 1.6 dB for 32 TXRU in UMa with 500m ISD
· UMa with 500m ISD at 3.5 GHz remains to be investigated

· For M=32 there is a slight loss in coverage compared to M=16 due to the narrow beamwidth and GOB pointing direction granularity

Hence, coverage for EB/FD-MIMO is a big concern and RAN1 must in their studies ensure that we continue to evaluate proposals that also provide sufficient coverage. 
4 Link simulation results of CSI-RS coverage

The UE throughput as a function of SNR was investigated by means of a link simulation. The SNR impacts on the CSI-RS estimation performance as well as the DMRS estimation performances. Both these estimation errors have an impact on the UE throughput. We have assumed a simple extension of the current Rel.10 eight antenna port CSI-RS up to 32 antenna ports, and used a grid of beam codebook for this analysis, see the Appendix for the CSI-RS pattern.  

To analyze the cell edge coverage, we have studied the required SINR at 4 Mbit/s UE throughput with ideal and realistic CSI-RS channel estimation. Figure 1 below show the coverage loss in dB for different number of antenna ports.  The loss in SNR in Figure 1 between ideal and realistic channel estimation is larger for larger number of antenna ports since the noise in the CSI-RS channel estimation impacts the link adaptation which includes selection of precoding for beamforming. In addition, for a larger number of antenna ports, the beamwidth are narrower (a linear array of 0.5 lambda spaced cross poles has been assumed) so an error in beam selection is more severe.

Observation:
· The losses due to channel estimation increases with increasing number of antenna ports

So, again, the coverage is a very important issue to consider further in this study item. For 64AP the coverage is expected to be even worse than what has been analyzed here. One way to increase the SINR of CSI-RS is to perform beamformed CSI-RS as was analyzed in the previous section so that CSI-RS also obtain array gain. The impact on this on mobility etc needs to be further studied. 
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Figure 1 Coverage loss in SNR [dB] at 4 Mbit/s UE throughput due to real channel estimation compared to ideal channel estimation
5 Conclusion
In this contribution we have given an initial analysis of the coverage degradation for a EB/FD-MIMO system when increasing the number antenna ports. It seems that there is a coverage loss associated with increasing the number of antenna ports. This will reduce the attractiveness of EB/FD-MIMO unless it is taken care of in the upcoming design. 

Investigations of coverage are needed and should be a prioritized part of the study item. For instance, the comparison and analysis of the antenna specific CSI-RS (which is associated with an extension of the existing precoder codebook to a vertical and horizontal codebook) with the beamformed CSI-RS needs to be thoroughly examined. 
6 Appendix

These CSI-RS RE patterns were used in the link simulations. 
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For the system simulations, these assumptions were used:

	Simulation parameters

	Carrier frequency
	2 GHz 

	Bandwidth
	10 MHz 

	Scenarios
	3D UMa 500m ISD, 3D UMi 200m ISD

	Cell layout
	1 vertical sector per azimuthal sector (baseline), 57 azimuthal sectors in total

	Wrapping
	Radio distance based

	UE receiver
	MMSE-IRC

	CSI periodicity
	5 ms

	CSI delay 
	6 ms

	CSI mode
	Aperiodic mode 3-1

	Outer loop LA
	Yes, 10% BLER target

	UE noise figure 
	9 dB

	eNB Tx power 
	46 dBm in UMa

41 dBm in UMi

	Traffic model
	Full buffer

	UE speed 
	3 km/h

	Scheduling 
	Proportional fair in time and frequency

	CRS interference 
	Not modeled. Overhead accounted for.

	DMRS overhead
	2 antenna ports

	HARQ
	Max 5 retransmissions

	Antenna spacing
	0.8 lambda in vertical, single column

	Cell selection
	Antenna sub-element based.

	Handover margin
	1 dB
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Figure 2 SINR distribution for CSI-RS in UMa at 2 GHz comparing antenna specific and beam specific CSI-RS
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Figure 3 SINR distribution for CSI-RS in UMa at 3.5 GHz comparing antenna specific and beam specific CSI-RS
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Figure 4 SINR distribution for CSI-RS in UMi at 2 GHz comparing antenna specific and beam specific CSI-RS
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Figure 5 SINR distribution for CSI-RS in UMi at 3.5 GHz comparing antenna specific and beam specific CSI-RS
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