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1 Introduction
In RAN1 #80, it was agreed to evaluate CSI-RS enhancements for non-precoded CSI-RS based schemes where the number of ports per CSI resource is a multiple of two. This is different from current LTE specifications where the number of antenna ports is constrained to be 1, 2, 4 or 8. The agreement is:
· Potential CSI-RS enhancements related to the number of NZP CSI-RS ports for further evaluation (to be captured in the TR):
· For non-precoded CSI-RS, prioritize on antenna port number per CSI-RS resource of 16, 32, 64 for performance evaluations
· Note: It is not a prioritization of CSI feedback scheme and CSI feedback scheme of 2, 4, 8 CSI-RS ports can be considered 
· Increasing the maximum number of NZP CSI-RS ports (>8) for >8 TXRUs per CSI process

· Number of non-precoded CSI-RS ports per CSI-RS resource which is a multiple of 2, e.g. 10

· Note: one CSI-RS port may be mapped onto one or more than one TXRUs
· Note: Another constraint given by SID is the number of TXRUs equals to 8, 16, 32, 64
· Number of beamformed CSI-RS ports per CSI-RS resource can be flexible
Moreover, the Objective of this SI [1] is: 

· The study aims to understand performance benefit of standard enhancements targeting two-dimensional antenna array operation (including a single column of cross-poles) with 8 or more transceiver units (TXRUs) per transmission point, where a TXRU has its own independent amplitude and phase control.
As noted in the agreement, it is mentioned in the SID [1] that the number of TXRU equals 8, 16, 32 or 64 for Phase 1 and Phase 2 evaluations. However, the number of TXRU is an eNB implementation issue and not visible in the specifications, so discussing the number of TXRU in RAN1 was introduced only to align the evaluation results among companies. Whenever the specification is settled, how to implement the transmitter is a design choice. 
Observation: It would be very unfortunate and severely limit the usefulness of a FD-MIMO feature if the final specification only supports certain eNB implementations, e.g using 8,16,32,64 TXRU. 
Hence, RAN1 should continue to evaluate and align results for these TXRU configurations listed in the SID, but these should not be seen as a limitation to neither further evaluations nor certain eNB implementations. 
A related issue is the number of antenna ports, and the agreement from last meeting states we should evaluate enhancements where the number of ports is a multiple of two, i.e. a flexible CSI feedback that also makes antenna design easier.  In this contribution we discuss further why a flexible number of antenna ports are important to support for FD-MIMO.

2  Discussion

In the following discussion we assume that 2DAAs have Ma vertical antenna ports and Na horizontal antenna ports, per polarization. This may thus be different from the numbers M/N of vertical/horizontal antenna sub-elements per polarization, due to the use of sub-array virtualization. From specification perspective, Ma and Na are the important numbers since these are visible in the specifications and these are the antenna ports that the UE perform measurements on. 
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For the following discussion, RAN1 should introduce parameters for the number of antennas ports:

Proposal: Introduce Ma and Na as the number of vertical and horizontal antenna ports per polarization, in the 2DAA as measured by the UE. 
According to the agreement last meeting, the total number of non-precoded CSI-RS ports per CSI-RS resource should be a multiple of two. This fits well with the use of dual polarized 2D antenna arrays and the total number of antenna ports per CSI-RS resource, taking into account polarization, is thus 
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Current LTE is designed for one dimensional arrays and for “tall” arrays, the number of vertical antenna sub-element M is hidden from specifications, i.e. Ma=1. An antenna designer had the freedom to choose any number of antenna elements M and virtualization in the “hidden dimension” to reach the specified requirements on antenna gain, vertical beam-widths etc. In the discussion of the baseline in the 3D channel model calibration campaign in Rel-12, the value M=10 was chosen, based on input from a leading antenna manufacturer for base station antennas. 

[image: image4.emf]
Figure 2 Comparison of commercial single band antennas with M=5 and M=9, picture taken from [2]. Enabling UE specific vertical beamforming for these antenna arrays (without the use of sub-arrays) would require 2MaNa=10 and 2MaNa=18 CSI-Rs ports, respectively. 
Moreover,  Figure 2, taken from an industry research paper [2] from the “Smart-RF” project,  shows that to reach the required gain of 14 and 17 dBi and the vertical size limitation of 1.3 meters, the number of antennas M=5 and M=9 are selected. Enabling UE specific vertical beamforming for these arrays (without the use of sub-arrays) would require 2MaNa=10 and 18 CSI-Rs ports, respectively. Introducing sub-arrays in this example would be difficult for M=5 since 5 is prime and for M=9 would require 3 element sub-arrays, which implies a total number of ports 2MaNa=6, still not a power-of-two.
It becomes obvious that an artificial restriction of the number of vertical antenna ports Ma when introducing dynamic beamforming in vertical direction would make re-use of such design and common antenna dimensions impossible. Changing antenna dimensions when replacing antennas also has impact on the site permits and complicates the procedure for operators. 
Observation: Real world eNB antennas typically don’t have power-of-two number of antenna sub-elements along a vertical or horizontal dimension. 
Observation: For “tall” arrays, the desired antenna gain typically determines the number of vertical sub-elements M, which seldom matches 2, 4, 8.
As discussed, the value of M is not visible to the UE in current specifications, but in 2DAAs the situation is different since both dimensions will be exposed and Ma ≠1, Na ≠1 ports are measurable by the UEs, by the specification of 2D codebooks. 
Hence, beam specific parameters such as antenna gain, grating lobes and thus maximum steering angles and also beam-widths are in 2DAA tightly coupled to the selected number of antennas sub-elements and antenna ports in vertical and horizontal dimensions. 
The only “hidden” degree of freedom remaining for 2DAA design is the use of sub-arrays, which is a blunt tool as they introduce grating lobes and thus reduces the maximum steering range of a beam.  

Observation: By the introduction of 2DAA, the construction freedom for the antenna designer is significantly reduced since antenna ports in both dimensions are now visible in the specifications (i.e. measurable by the UE to support 2D beamforming).
Based on the observations in this contribution, we make the following proposal:
Proposal: Develop a scalable 2D codebook supporting 
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 vertical and horizontal antenna ports per polarization, where the values of 
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Note that the value one is also necessary to support the
[image: image9.wmf]1

´

a

M

 and 
[image: image10.wmf]a

N

´

1

 antenna port configurations.
3 Performance Evaluation
Here, we present results demonstrating the performance of a scalable 2D codebook discussed in [3].  The 2D codebook has a spatial oversampling factor of Q=4.  A 1x5 array and a 5x3 array with respective totals of 10 and 30 TXRUs are evaluated assuming SU-MIMO operation.  For the 1x5 array, a category 2 baseline with 5 horizontal virtual sectors each with a CSI-RS 2 antenna ports is assumed.  For the 5x3 array, we assume a category 2 baseline with 5 vertical virtual sectors each with a CSI-RS of 8 antenna ports which is truncated to 6 ports.  Detailed simulation assumptions are given in the appendix.
The results for 3D UMa can be seen in Table 1 below for the 50% RU load point.  The corresponding results for 3D UMi can be seen in Table 2.

Table 1 UMa, 50% RU

	Metric
	UMa, 1x5 array
	UMa, 5x3 array

	
	Category 2 Baseline
	2D Scalable Codebook
	Category 2 Baseline
	2D Scalable Codebook

	Offered load [bps/Hz/cell]
	0.9659
	0.8565

	λ [users/sec/cell]
	2.41
	2.14

	Cell edge [bps/Hz/user]
	0.38
	0.52
	0.34
	0.70

	Normalised User [bps/Hz/user]
	1.91
	2.24
	1.92
	2.55

	Cell edge gain [%]
	0
	37
	0
	106

	Normalized user gain [%]
	0
	17
	0
	33


Table 2 UMi, 50% RU

	Metric
	UMi, 1x5 array
	UMi, 5x3 array

	
	Category 2 Baseline
	2D Scalable Codebook
	Category 2 Baseline
	2D Scalable Codebook

	Offered load [bps/Hz/cell]
	1.0748
	0.9789

	λ [users/sec/cell]
	2.69
	2.45

	Cell edge [bps/Hz/user]
	0.43
	0.58
	0.36
	0.83

	Normalised User [bps/Hz/user]
	2.09
	2.36
	2.00
	2.69

	Cell edge gain [%]
	0
	35
	0
	131

	Normalized user gain [%]
	0
	13
	0
	34


We thus make the following observations with regards to the performance of the scalable 2D codebook when compared to that of the category 2 type baseline:

· For the 5x1 array, performance gains of 35%-37% (cell edge throughput) and 13%-17% (normalized user throughput) are possible with the scalable 2D codebook.

· For the 5x3 array, performance gains of 106%-131% (cell edge throughput) and 33%-34% (normalized user throughput) are possible with the scalable 2D codebook.

4 Conclusion
Based on the observations in this contribution, we make the following proposals:
Proposal: Introduce Ma and Na as the number of vertical and horizontal antenna ports per polarization, in the 2DAA as measured by the UE
Proposal: Develop a scalable 2D codebook supporting 
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 vertical and horizontal antenna ports per polarization, where the values of 
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6 Appendix

For the system simulations, these assumptions were used:

	Simulation parameters

	Carrier frequency
	2 GHz 

	Bandwidth
	10 MHz 

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

	Cell layout
	57 azimuthal sectors in total

	Wrapping
	Radio distance based

	UE receiver
	MMSE-IRC

	CSI periodicity
	5 ms

	CSI delay 
	5 ms

	CSI mode
	Aperiodic mode 3-2

	Outer loop LA
	Yes, 10% BLER target

	UE noise figure 
	9 dB

	eNB Tx power 
	41 dBm (UMi), 46 dBm (UMa) 

	Traffic model
	FTP model 1, 500 kB packet size

	UE speed 
	3 km/h

	Scheduling 
	Proportional fair in time and frequency

	CRS interference 
	Not modeled. Overhead accounted for 2 CRS ports.

	DMRS overhead
	2 antenna ports

	CSI-RS
	Overhead accounted for.  

Channel estimation error modeled.

	HARQ
	Max 5 retransmissions

	Antenna spacing
	0.8 lambda in vertical, 0.5 lambda in horizontal

	Handover margin
	3 dB

	Scalable 2D Codebook
	2D Grid of Beams based on DFT [3].  Codebook subset restriction applied in the case of 5x3 array [4].

	Cat 2 Baseline Parameters
	1x5 array: horizontal virtual sector pointing angles [-48, -24, 0, 24, 48] for both UMa and UMi.

5x3 array: vertical virtual sector pointing angles [108,  117, 126, 135, 144] for UMa and [62, 72, 108, 118, 128] for UMi.


Figure � SEQ Figure \* ARABIC �1� Typical 2D antenna array with M=6, N=2 sub-antenna elements and Ma=3 and Na=2 antenna ports, hence in total 2MaNa =12 antenna ports.









[image: image1]_1488704373.unknown

_1488704374.unknown

_1489307113.unknown

_1489307127.unknown

_1489306735.unknown

_1488704253.unknown

_1488704258.unknown

