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1 Introduction
One of the key components of the EBF-FD/MIMO study [1] is to evaluate performance benefits of standard enhancements targeting two-dimensional antenna array operation (2DAA).  In order to start this activity, it is first necessary to evaluate Rel-12 LTE performance with 2DAAs. In this contribution, we identify two broad classes of standard transparent 2DAA techniques and propose to discuss their applicability as baselines for determining the performance benefits of standard enhancements to Rel-12.
2 Standard transparent 2DAA techniques
Evaluations in 3GPP up to Rel-12 have considered horizontal multiple antenna techniques.  This in itself does not reflect limits of LTE specifications, rather that active antenna system technology has only recently attained significant attention.  Given that the need for spectral efficiency in dense urban deployments continues to grow, the application of LTE to 2D antenna array systems is now being studied, and the needed channel models and scenarios that allow the evaluation of 2DAAs in LTE have been recently developed.  Since antenna elements and eNB array configurations are transparent to UEs in LTE, as long as suitable antenna configurations are used, methods that apply to horizontal array configurations can generally be applied to vertical configurations or used in 2DAAs as well.   
While a wealth of antenna techniques are available for LTE, in order to have common understanding of the use of Rel-12 LTE with 2DAAs, it is useful to narrow the focus to a few that can serve as good baselines for performance evaluation.  Two such classes of techniques worth considering are 2D sectorization and Rel-12 precoding applied to purely horizontal or vertical antenna ports (‘Vertical/Horizontal precoding’).
2.1 Sectorization

Sectorization, including 2D sectorization, may be implemented in a standard transparent manner by transmitting CRS and DL control channels in distinct directions in azimuth and elevation. As long as the CRS are virtualized in a way that is compatible with the Rel-8 CSI feedback, further sectorization is completely transparent to even Rel-8 UEs.  Furthermore, since PDCCH is transmitted over each or all sub-sectors, the relative coverage of PDCCH and PDSCH is marginally affected by 2D sectorization. 

It is possible with further sectorization to support up to the full 64 TXRUs identified in the EBF/FD-MIMO study.  However, increased degrees of sectorization will have diminishing returns especially in the presence of angle spread, and so whether it is beneficial to have a large number of sectors than the minimum two and to have a large number of TXRUs should be further studied.
Observations:
· 2D sectorization in theory can use up to all the 64 TXRUs identified for study in EBF/FD-MIMO
· However, sectors will have diminishing returns especially in the presence of angle spread, so the number of sub-sectors and TXRUs should be further studied.
Proposal:

· Sectorization is considered as a baseline for determining the performance benefits of enhancements to 2DAAs in Rel-12

· Where sectorization uses multiple sector boresights in either or both of azimuth and elevation

2.2 Vertical/Horizontal precoding 
Rel-12 codebooks can be equally well used with vertical arrays as well as horizontal arrays, provided that the array geometries and virtualization are compatible with the codebook design.  Such approaches therefore assume relatively homogeneous virtualization (such that the UE receives similar power from the virtualized antenna ports) and e.g. ½ wavelength spacing of each set of co-polarized elements (similar to ‘antenna model 1, option 1’ [2]).  These array geometry constraints therefore make it somewhat less flexible than sectorization approaches, where, for example, vertical element spacing need not be constrained by the codebook.  

As in Rel-12, a UE measures multiple CSI-RS that are transmitted on distinct (possibly virtualized) elements of the array and feeds back PMI to the eNB.  The eNB then determines the precoding weights it uses to transmit PDSCH.  Because the CSI-RS are transmitted on distinct elements whereas the PDSCH is precoded, the CSI-RS do not benefit from array gain, and consequently CSI measurements may be degraded even though PDSCH could be strong.  (Discussion of CSI-RS coverage issues may be found in [3])
Observations:

Rel-12 precoding:

· Can be applied to purely horizontal or vertical antenna ports

· Has limited applicability for arrays that are not purely horizontal or vertical given the use of Rel-12 codebooks

· Rel-12 was not designed for (strongly correlated) 2D AAs.

· Getting good gains for co-polarized sub-arrays not purely along horizontal or vertical directions may be challenging.

· Will have some loss in CSI-RS measurement accuracy, as CSI-RS will not benefit from array gain

Proposal:

· Rel-12 precoding applied to purely horizontal or vertical antenna ports is considered as a possible baseline for determining the performance benefits of enhancements to 2DAAs in Rel-12.

3 Standard transparent Technique Results
One of the simple standard transparent deployment options of 2D antenna arrays is sectorization, where fixed beams are formed and each is associated with a cell/sector.  Because dimensional sectorization can be used in a standard transparent way, it allows performance improvements for legacy UEs.  

Some system simulations are performed to study potential UE throughput gains with simple horizontal sectorization with 2D antenna arrays under homogeneous network deployment scenarios. Two horizontal sectors are formed within each cell of a traditional 3-cell site.  Both 3D UMa and 3D UMi channel models are investigated. The detailed simulation parameters are listed in the Appendix.

The results are summarized in Table 3 and Table 4 below. A single column array, 4x1 or 8x1, with one sector was used as the baseline for comparison. It can be seen that in the 3D UMi case, 13% and 21% mean UE throughput gains and 48% and 74% cell edge UE throughput gains have been achieved with horizontal sectorization with 4x2 or 4x4 2D array, respectively.  Similar gains are seen with 8x2 and 8x4 arrays.  

It can be seen that in the 3D Uma case, 6% to 11% mean UE throughput gains and 31% to 47% cell edge UE throughput gains have been achieved with horizontal sectorization with 4x2 or 4x4 2D array.  Similar gains are seen with 8x2 and 8x4 arrays. 
Table 3. Results of horizontal sectorization with (4xN) 2D array 

	Scenario
	Antenna config.
	Horizontal 
sectors
	UE throughputs gain at 50% baseline resource utilization

	
	
	
	Average
	Cell edge

	3D UMi
	4x1
	1
	0
	0

	
	4x2
	2
	13%
	48%

	
	4x4
	2
	21%
	74%

	3D UMa
	4x1
	1
	0
	0

	
	4x2
	2
	6%
	31%

	
	4x4
	2
	11%
	47%


Table 4. Results of horizontal sectorization with (8xN) 2D array 

	Scenario
	Antenna config
	Horizontal sectors
	UE throughputs gain at 50% of baseline resource utilization

	
	
	
	Average
	Cell edge

	3D UMi
	8x1
	1
	0
	0

	
	8x2
	2
	16%
	47%

	
	8x4
	2
	21%
	75%

	3D UMa
	8x1
	1
	0
	0

	
	8x2
	2
	7%
	29%

	
	8x4
	2
	TBD
	TBD


Observations:  

· Significant UE throughput gain, especially cell edge throughput, can be achieved for 3D UMi and 3D UMa with two-sector horizontal sectorization in a 2DAA compared to that with a single sector.

4 Conclusion
In this contribution, we have considered sectorization and vertical/horizontal precoding as two possible baselines for determining the performance benefits of enhancements to 2DAAs in Rel-12.  We further provide results demonstrating significant performance gain (especially at the cell edge) from standard transparent sectorization to motivate the need for identifying suitable baselines for performance enhancement studies.  
Proposal:

The following techniques are considered as baselines for determining the performance benefits of standardized enhancements: 

· Vertical sectorization

· Horizontal sectorization

· Simultaneous Horizontal+Vertical (2D) sectorization 

· Rel-12 precoding applied to purely horizontal or vertical (1D) antenna ports 
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6 Appendix

	Simulation parameter
	Value

	channel model
	3GPP 3D UMi, 3D UMa

	system bandwidth
	10MHz

	carrier frequency
	2GHz

	BS antenna configurations
	(MxN) = 4x1, 4x2, 4x4, 8x1, 8x2, 8x4, X-pol

	antenna element spacing:
	0.8 lambda vertical , 0.5 lambda horizontal

	Polarization antenna modeling
	Model-2 of 36.873

	UE antenna configuration
	2-Rx, X-pol , isotropic

	UE speed
	3km/h

	Cell selection
	Single Port Cell Selection

	handover margin
	3dB

	wrapping method
	Radio distance based

	CSI Feedback
	PUSCH 3-2

	 
	Feedback delay: 6ms;  feedback periodicity:  5ms 

	 
	Precoding scheme:  Rel-8 2-port codebook

	Traffic model
	FTP model 1, 100kB packet size

	Scheduler 
	Proportional fair, frequency selective

	Receiver
	MMSE-IRC

	 
	Channel estimation: ideal

	HARQ 
	IR, maximum retransmissions: 5 

	OLLA
	10% BLER

	Transmission scheme
	TM10, single CSI process, SU-MIMO with rank adaptation

	Overhead
	3 symbols for DL CCHs, 2 CRS ports



