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1. Introduction

The study item [1] was approved in RAN plenary #65 to study elevation beamforming and full dimension MIMO using Active Antenna Systems (AAS).  Elevation beamforming schemes can utilize an extra spatial degree of freedom compared to conventional horizontal-only deployment scenarios.  Full dimension MIMO schemes can in theory achieve use higher order spatial multiplexing and multi-user transmission. 

Scenarios and simulation assumptions are discussed in [2] and [3] respectively. One of the key tasks in RAN1 #78bis is to discuss and clarify 2D antenna array modeling as following:

· Identify antenna configurations for 2D antenna arrays with {8, 16, 32, 64} TXRUs and evaluation scenarios, including homogeneous and heterogeneous scenarios, for feasibility study, taking into account the outcome of 3D channel model SI.
· Decide antenna element spacing, number of antenna elements per TXRU, polarization, etc.
· Decide how to model virtualization of antenna elements per single TXRU. 
· Identify target operating frequency range considering practical antenna size limitations.

In this document, we share our understanding of 2D antenna array modelling. 
2. Proposals of 2D AAS Modelling
Some antenna modelling parameters of [4] can be reused as shown in the Appendix. However some details of AAS modelling may need to be clarified by each company in order to understand AAS implementation and the performance gain. We also have to restrict the number of configurations of AAS for study. The combination of multiple scenarios, 2D antenna arrays, and MIMO schemes can lead to significant simulation effort and time. 

· Mapping between TXRU and antenna elements 
During channel modeling and baseline calibration in [4], it may be a common understanding that an antenna array pattern is a composite of multiple horizontal/vertical antenna element patterns without detailed assumption of TXRU. Implicitly it is assumed that each antenna element is a RF control unit so that RAN1 can discuss further physical layer enhancement without too much constraint from RAN4 AAS architecture and RF requirement designs.  
It is suggested in the SI description in [1] that a TXRU has its own independent amplitude and phase control. Therefore the design of antenna ports, spatial multiplexing, spatial beamforming and spatial diversity in RAN1 by using AAS are constrained by the number of TXRU units, e.g. 8~64 TXRU in [1]. However TXRU is a RAN4 concept which has following statement in [5]: “The Transceiver Units (TXRU) interface with the base band processing within the eNodeB”. Up to our understanding, a TXRU is simply a proprietary interface between eNB and antenna array to support advanced UE-specific beamforming or sector splitting [5].  Details of TXRU functionality are not clearly defined in RAN4 and up to implementation. The mapping between TXRU and antenna element is not assumed and the mapping is managed by a proprietary radio distribution network (RDN). 

Therefore before having further discussion in RAN1 in terms of 2D antenna array modelling, it should be clarified firstly, for example what controllability between TXRU and antenna elements can be assumed and corresponding functionality of TXRU. 
· Mapping between TXRU and Antenna ports 

The antenna port is a RAN1 definition with physical REs configured for specific purpose of channel measurement, for example CRS, CSI-RS, and DMRS. It is defined as follows: “An antenna port is defined such that the channel over which a symbol on the antenna port is conveyed can be inferred from the channel over which another symbol on the same antenna port is conveyed.” It seems to us that the concept of TXRU is related to the supported number of measurement ports, mostly likely for CSI-RS port. Therefore it is feasible that an AAS may configure one RDN for control channel and CRS ports, but different RDN for data channel and DMRS port. The UE has no knowledge of RDN except for RS configured by the network. So we have following understanding:

· Each TXRU can correspond to one CSI-RS port. Other options are not precluded, for example using two TXRUs to form a single CSI-RS port. 
· One or more TXRUs may be mapped to one DMRS port. The methodology of such a mapping is up to specific EB/FD MIMO solutions and shall be described at least at high level in order to understand RAN1 and RAN4 specification impact. 

· One or more TXRU may be mapped to one CRS port. The methodology of such a mapping is up to specific EB/FD MIMO solutions and shall be described at least at high level in order to understand RAN1 and RAN4 specification impact. 

· Antenna Element Modeling
The antenna element pattern defined in [4] can be reused and shown in the Appendix. However for small cells in 3D Het and 3D Indoor in [2], the antenna element pattern shall be assumed that[image: image1.png]


.
· UL and DL

Based on [5], the AAS reference architecture can allow for full asymmetry between receiver path and transmit path. So the RDN can be different between UL and DL. 

· UE specific beamforming
In case of UE specific beamforming [5], the AAS BS may generate 
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 beams, each pointing to a specific UE using appropriate phasing in both vertical/horizontal domains. Such beamforming is transparent to standards and to the UE. The concept of UE specific beamforming can be supported by applying a controllable weight vector to a group of antenna elements or a TXRU where such controllability shall be discussed and clarified by RAN1. The UE specific beamforming by using AAS can provide a larger antenna array gain by reducing the energy emission at the sidelobe or at the direction without UE. However if more UE specific beams are generated, the power of each beam is also reduced.  Note that modeling of UE specific beamforming may impact the vertical or 3D codebook design in terms of the assumed beamwidth, which consequently affects feedback overhead and UE complexity. 
Therefore we do see the necessity of modeling of UE specific beamforming whose performance may be further enhanced by RAN1 specification. The modeling of UE specific beamforming can be based on [5].
· Antenna Element Spacing
Parameters of  dH = 0.5 λ and dV = 0.9λ have been considered in [5] for AAS RF requirements. It may require further discussion since  dV = 0.5λ may provide better performance gain at vertical domain. 
· 2D antenna array for Macro/Pico cell

The RDN between TXRU and antenna elements is an implementation issue and it is not critical for RAN1 to study the performance impact with RDN. What really matters for RAN1 is to identify whether there are sufficient gain by using finer vertical granularity and vertical/3D codebook for targeted scenarios. Therefore detailed mapping between TXRUs and elements can be up to each company. But the value of M is fixed to 8 here to allow splitting/grouping easily per antenna element column, especially for 4 and 8 TXRUs per column.  
Therefore the following AAS options can be considered: 
1. M=8 and N=1 for a cross-polarized array and M=8 and N=2 for an uniform linear array (16 antenna elements per antenna array)
a. 8 TXRU: K=2 which corresponds to V4H2 antenna port configuration 

b. 16 TXRU: K=1 which corresponds to V8H2 antenna port configuration 
2. M=8 and N=2 for a cross-polarized array and M=8 and N=4 for an uniform linear array (32 antenna elements per antenna array)
a. 8 TXRU: K=4 which corresponds to V2H4 antenna port configuration 

b. 16 TXRU: K=2 which corresponds to V4H4 antenna port configuration 

c. 32 TXRU: K=1 which corresponds to V8H4 antenna port configuration 

3. M=8 and N=4 for a cross-polarized array and M=8 and N=8 for an uniform linear array (64 antenna elements per antenna array)
a. 8 TXRU: K=8 which corresponds to V1H8 antenna port configuration. (Baseline)
b. 16 TXRU: K=4 which corresponds to V2H8 antenna port configuration.  

c. 32 TXRU: K=2 which corresponds to V4H8 antenna port configuration. 

d. 64 TXRU: K=1 which corresponds to V8H8 antenna port configuration.  

· 2D antenna array for small cell

A 2D antenna array for small cell is likely power limited so that one antenna element per TXRU is assumed, for example K=1.  Therefore following small cell AAS options can be considered: 

a. V1H8 [x x x x] or [| | | | | | | |] 

b. V2H4 [x x;x x]  or [| | | |;  | | | |] (Baseline)
c. V4H2 [x;x;x;x;] or  [| |;  | |;  | |;  | |]
3. Conclusions

In this document some aspects of AAS modelling are analysed. Such modelling will impact EB/FD MIMO solution design so that some functionality of AAS shall be clarified. RDN is a network implementation issue and up to each company. We also have to restrict the number of configurations of AAS so that the effort of evaluation can be manageable. 
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Appendix:  Antenna Modelling Parameters of TR 36.873
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Figure 7.1-1: 2D planar antenna structure where each column is a cross-polarized array
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Figure 7.1-2: 2D planar antenna structure where each column is a uniform linear array

Table 7.1-1: Antenna modelling parameters of TR 36.873

	Parameter
	Applicability
	Values

	Clause-1

	Number of horizontal antenna elements
	cross-pol
	2, 4, 8

	
	co-pol
	1, 2, 4, 8

	Polarization slant angle
	cross-pol
	+/- 450

	
	co-pol
	00

	Horizontal antenna element spacing dH
	
	0.5λ baseline (other values FFS)

	Antenna element vertical radiation pattern (dB)
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	Antenna element horizontal radiation pattern (dB)
	3D-UMa, 3D-UMi, 

LPN deployments
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	3D-UMi, LPN deployments
	FFS:[image: image8.png]




	Combining method for 3D antenna element pattern (dB)
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	Maximum directional gain of an antenna element GE,max
	
	8 dBi

	Clause-2  (note)

	Vertical antenna element spacing dV
	
	0.5λ, 0.8λ

	Number of antenna elements with the same polarization in each column M
	
	10 baseline, other values FFS

	Complex weight for antenna element m in elevation
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where m=1,…,K. [image: image13.png]


 is the 

electrical vertical steering angle defined between 00 and 1800 

(900 represents perpendicular to the array). K = 1, M.

	NOTE:
Assumptions in clause-2 are for calibration of channel modelling
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