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1 Introduction
While the recently approved study on ‘Elevation Beamforming (EBF)/Full-Dimension (FD) MIMO for LTE’ [1] is an outgrowth of the 3D channel model study [2], it is necessary to determine the simulations scenarios and parameters to be used to evaluate the 2D antenna array and Rel-12 baseline MIMO algorithms in the EBF/FD-MIMO study item.  This contribution considers general aspects needed in the study such as simulation scenarios, traffic model, polarization, and system simulator wrapping methods.  Recommendations are also made on parameters for the phase 1 evaluations to be conducted in the study.
2 Scenarios and general modeling aspects
2.1 Simulation Scenarios
The 3D channel model TR [2] includes scenarios for macros and micros. Baseline channel model calibrations for the 3D-UMi (microcell) and 3D-UMa (macrocell) models were extensively studied (with a phase 1, phase 2, and a baseline calibration) under homogeneous network deployment scenarios and a set of antenna configurations.  In general, a variety of antenna configurations and parameters can be used for evaluations, according to the number of antenna elements per column, the number of columns, antenna element spacing, number of TXRUs, sub-array virtualization, carrier frequency, etc.  Given the complexity of the antenna setups, it is essential to limit the number of scenarios and simulation parameters.  Otherwise, there is the risk that simulations results will diverge on the scenarios and parameters that are really needed to evaluate the merits of Rel-13 2D antenna schemes.  The 3D-UMa and 3D-UMi scenarios were the focus of the study and calibration efforts in the 3D channel model study item, and so offer the best chance for alignment of 2D antenna array results between companies.  
The heterogeneous network variations of these channel models were not studied or calibrated during the 3D channel model study.  Furthermore, the details of these heterogeneous scenarios would need to be fleshed out, such as how the low power nodes are located, any coordination used with the macrocell, their antenna configurations, UE distribution, cell association, etc.  Once a heterogeneous network scenario is identified and calibrated, the interaction between heterogeneous network operation and 2D antennas is likely to be rather more complex than for homogeneous networks.  Such studies would be better conducted after a baseline understanding of LTE 2D antenna array is already available, and so might be best suited for a later release.
Inter-site cell spacings of 200m and 500m for 3D-UMa were discussed during the 3D channel model SI.  The 200m ISD is representative of some very dense urban deployments in e.g. Asia.  Because the inter-site spacing could significantly impact the behavior of 2D antenna array algorithms, and since the 3D-UMi model only supports 200m, it will be difficult to check whether differences in behavior between 3D-UMi and 3D-UMa are due to the ISD or to the channel models’ characteristics.  
Observations:

· The 3D channel model TR includes two different finalized high level homogeneous network scenarios, as well as some support for variations of these scenarios supporting heterogeneous networks.
· Many antenna configurations and parameters can be used for evaluations, according to the number of antenna elements, columns, and spacing, the number of TXRUs, the sub-array virtualization, carrier frequency, etc.  Coping with this parameter space can be challenging even before considering additional scenarios.

· The heterogeneous network variations of the 3D-UMi and 3D-UMa models would require more detailed specification and calibration studies prior to use.

· The interaction between heterogeneous network operation and 2D antenna algorithms is likely to be complex, and might be facilitated in the future by a baseline understanding of LTE 2D antenna array operation in homogeneous networks.

· Inter-site spacings of 200m are representative of some very dense urban macrocell deployments and can facilitate comparisons of the behavior of 2D antenna array algorithms for 3D-UMi and 3D-UMa channel models.

Proposals:

· The 3D-UMa and 3D-UMi scenarios from 36.873 are the two scenarios used in the EBF/FD-MIMO study.

· Study of heterogeneous networks is deferred.

· Inter-site distances of 200m and 500m for 3D-UMa are considered in the EBF/FD-MIMO study.

2.2 Traffic model
Although full buffer traffic was useful for calibration purposes in the 3D channel model study, realistic non-full buffer traffic models should be used to study the behavior and form the sole basis for determining the system level performance benefits of 2D antenna algorithms.  This is particularly important for multi-antenna algorithms (with respect to bursty interference, MU-MIMO pairing, etc.), and is consistent with Rel-12 studies such as small cells and NAICS.
Recently used FTP models often have file sizes of 0.5 Mbytes.  However, using only this size is unrealistic, since file sizes for data traffic in real network are often much smaller than 0.5 Mbytes. For example, recent studies of ‘interactive content pull traffic’ in the enhancements for diverse data applications (eDDA) work in RAN2 [3], had downlink typical mean data rates on the order of 10’s of kBytes/s.  Interactive content pull traffic may include, for example, HTTP web browsing, usage of online maps, browsing of social networking pages, usage of application stores and occasional download/playback of portions of audio or video media content, and so is representative of quite common smart phone and tablet traffic.  Therefore it is important to include more representative models of these kinds of traffic than FTP with file sizes of 0.5 Mbytes.
While FTP models may not be the best approximation of lower data rate traffic such as interactive content pull, it would be challenging to quickly develop an alternative model.  A straightforward approach of using a smaller packet size such as 100 kB could be a pragmatic way to get a more representative traffic model until a better model is available.
Observations:

· Non-full buffer traffic modeling has been used as the basis for evaluating system performance gains of Rel-12 features, and is particularly important for multi-antenna algorithms.

· FTP models of 0.5 Mbytes lead to unrealistically high data rates for some common cellular traffic; web-browsing and similar ‘interactive content pull’ applications have downlink mean data rates of 10s of kBytes/s.
· Using a smaller FTP file size such as 100 kB can be a pragmatic approach for studies until better models are available.
Proposal:

· FTP model 1 with 500 and 100 kB file sizes are used for system level performance evaluations in the EBF/FD-MIMO study.
2.3 Antenna polarization model
Two models of polarization are included in 36.873: an angle independent model (‘model-2’) and one based on a mechanical rotation of dipole antennas (‘model-1’).  Although both have been calibrated during the 3D channel model SI, the angle independent model has been shown to match measurements of antennas commonly found in commercial deployments, while the dipole based model does not.  This was captured in 36.873 as: “typical antennas have polarization parallelity that is lower than the polarization parallelity of dipoles and, in addition, typical antennas have polarization parallelity close to zero in the main beam”. Furthermore, the angle independent method has also been used in 3GPP since Rel-9, being included in 36.814 [4].  
This behavior mentioned in 36.873 was demonstrated by the measurements in [5], shown in Figure 1 below.  As can be seen in the figure, the dipole based model does not match real-life behavior, especially as the angle of departure moves away from the main beam.
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Figure 1: Antenna Parallelity Measurements and Model-1 and Model-2 Behavior
Observations:

· The mechanically rotated dipole based model (‘model-1’) is not a realistic model, whereas the angle independent model (‘model-2’) matches measurements of commercially deployed antennas.

· As observed in 36.873, “typical antennas have polarization parallelity that is lower than the polarization parallelity of dipoles and, in addition, typical antennas have polarization parallelity close to zero in the main beam”.
· Model-2 is well established, having been used in 3GPP since Rel-9.
Proposal:

· Polarization model-2 from 36.873 is used as the polarization model in the EBF/FD-MIMO study.
2.4 System simulator wrapping method

A radio distance based and a geographical distance based wrapping method are both included in 36.873.  Both methods have been calibrated during the 3D channel model study.  As explained in [6], the radio based method is a generalization of the geographic based wrapping method, where the cell that would be selected as the geographically wrapped cell becomes one candidate of a set of wrapping candidates in the radio distance based method.  The radio distance based method selects the candidate with the largest RSRP as the wrapped cell.  Consequently, the radio distance based method always improves on the geographic based method by checking for cells in addition to the geographic cell that may be more distant, but that have stronger radio links, making radio based wrapping more accurate than geographical based wrapping. This behavior becomes more important as the coupling loss becomes more variable, such as is the case with the increased antenna gain of 2D antenna systems.  
The radio distance and geographic models produce different radio link statistics.  One example of the difference is shown in Figure 2 below [6].  The figure shows the downlink wideband SINR for a four subelement antenna created by using N = 2 columns, M = 2 rows with co-polarized subelements.  Furthermore, we have K = 1, meaning that there will exist 4 eNodeB antenna ports, hence one antenna port for each subelement. The 3D UMi model was used with geographic, 1-tier radio wrapping, and 2-tier radio wrapping.  As can be seen, the curves are significantly different (around 1.5 dB between the 1-tier radio and geographic wrapping curves).  Even greater disparities exist (multiple dBs on some parts of the CDFs) for more sensitive statistics, such as coupling gain to strongest and second strongest interferers [6]. This leads us to conclude that the geographical wrapping is too rough an approximation for the EBF/FD-MIMO study.
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Figure 2: Comparison of Geometry from Geographical and Radio Distance Based Wrapping
Observations:

· Radio based wrapping is a generalization of geographic based wrapping that can select the geographically wrapped cell as well as cells that have stronger radio links.  This behavior improves the accuracy of the radio based method over the geographically based method. 

· Results from the two methods can be substantially different. The 1-tier radio distance based wrapping is around 1.5 dB more accurate in geometry even though the geometry measure is usually good at hiding discrepancies.  

· Even greater disparities exist for more sensitive statistics, such as coupling gain to strongest and second strongest interferers, as discussed in [6].
Proposal:

· The radio based wrapping method is the method used for system simulations in the EBF/FD-MIMO study.

3 Phase 1 baseline parameters
The EBF/FD-MIMO study item description includes the evaluation of Rel-12 downlink MIMO with a baseline configuration using 8 TXRUs.  Some additional assumptions beyond the scenario definitions and modeling approaches of section 2 are needed.  
· A horizontal 4 column array of dual polarized elements with 8 subelements per column (K=M=8, N=4) should be amenable for use with Rel-12 downlink MIMO and perform relatively well.
· M=8 is used to be consistent with phase 2 evaluations of the study [1].  Setting M to be a power of 2 when using multiple TXRU ports in the vertical direction allows flexible antenna configurations in phase 2 evaluations [7].
· A vertical element spacing of 0.8λ is consistent with common antenna designs, while a horizontal element spacing of 0.5λ might be more suitable for compatibility with existing 3GPP codebooks.  However, the best values can vary with the required antenna element isolation, 2D array algorithm, and/or the scenario.  Therefore, we propose these values be used for phase 1 evaluation, and further checked as the study progresses.
· The phase shifted vertical virtualization approach of 36.873 is used.  The proper value of θetilt depends on the simulation parameters, and so is FFS.  
· Rel-10 codebook with 8 CSI-RS ports and using PUSCH 3-2 seems the most relevant baseline MIMO scheme.
· UE attachment is based on CRS port 0 (mapped to one TXRU) 
The proposals for the scenarios, simulation methods, and baseline parameters made above as well as additional details of the simulation parameters are captured in Table 1 below.
Table 1: System level simulation assumptions in phase 1 study

	Parameter
	Values

	Scenarios
	3D-UMa, 3D-UMi from 36.873

	eNB antenna configurations
	K=M=8, N=4, 8 TXRUs

	
	Horizontal antenna element spacing dH = 0.5λ

	
	Vertical antenna element spacing dV = 0.8λ

	MS antenna configurations
	2Rx X-pol (0/+90)

	System bandwidth
	10MHz (50 PRBs) 

	UE attachment 
	Based on RSRP (formula in 36.873) from CRS port 0

	Carrier Frequency 
	2GHz 

	Network sync
	Synchronized

	UE distribution 
	According to Table 6-1 of 36.873

	UE speed
	3km/h

	Polarized antenna modelling
	Model-2 of 36.873


	UE array orientation
	ΩUT,= 90 degree, ΩUT, = 0 degree

	UE antenna pattern
	Isotropic antenna gain pattern 
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	Wrapping method
	Radio distance based. Strongest wrapping candidate selected by analyzing RSRP from one subelement to a UE. 

	Cluster elimination step 6
	Scaling factor not changed after cluster elimination

	Handover margin 
	1 dB with 0 dB cell range expansion

	Number of UEs
	Variable, per FTP model 1

	Traffic model
	FTP Model 1 with file sizes 100 kB and 500 kB

	Scheduler
	Proportional fair in time and frequency

	Receiver
	Realistic channel estimation and interference measurement (for demodulation and for feedback)

	
	MMSE-IRC receiver 

	Hybrid ARQ
	Maximum 5 retransmissions

	Outer Loop Link Adaptation
	Used with 10% BLER target

	Feedback
	PUSCH 3-2 

	
	Rel-10 codebook with 8 CSI-RS ports

	
	CQI and PMI reporting triggered per 5ms 

	
	Feedback delay is 6 ms 

	Overhead
	3 symbols for DL CCHs, 4 CRS ports and DM-RS with 12 REs per PRB

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


	Metrics
	Mean, 5%/50%/95% UPT at the given offered traffic (for example the offered traffic resulting in a resource utilization of e.g., 20%, 40%, or 60%, for a reference scheme). 

	Coordination assumptions
	If used, companies should provide simulation details of the coordination scheme to allow results to be reproduced.


4 Conclusion
This contribution has considered general aspects needed in EBF/FD-MIMO study such as simulation scenarios, traffic model, polarization, and system simulator wrapping methods.  Recommendations were also made on parameters for the phase 1 evaluations to be conducted in the study.  These are summarized below:

Proposals on scenarios and general modeling aspects in the EBF/FD-MIMO study:

· The 3D-UMa and 3D-UMi scenarios from 36.873 are the two scenarios used in the study.

· Study of heterogeneous networks is deferred.

· Inter-site distances of 200m and 500m for 3D-UMa are considered.

· FTP model 1 with packet sizes of 100 and 500 kB are used for system level performance evaluations.

· Polarization model-2 from 36.873 is used as the polarization model.

Proposals for parameters needed for phase 1 evaluations:
· A horizontal 4 column array of dual polarized elements with 8 subelements per column is used.

· The phase shifted vertical virtualization approach of 36.873 is used
· θetilt is FFS  

· Rel-10 codebook with 8 CSI-RS ports with PUSCH 3-2 is the baseline MIMO scheme.
· Details of the phase 1 evaluation parameters are captured in Table 1.
5 References
[1] RP-141644, “New SID Proposal: Study on Elevation Beamforming/Full-Dimension (FD) MIMO for LTE”, Samsung, Nokia Networks, 3GPP TSG RAN Meeting #65, Edinburgh, Scotland, September 9-12, 2014

[2] 3GPP TR 36.873 V2.1.0 (2014-08), “Study on 3D channel model for LTE (Release 12)”, August 2014

[3] 3GPP TR 36.822 V11.0.0, “enhancements for diverse data applications (Release 11)”, December 2013
[4] 3GPP TR 36.814 V9.0.0, “Further advancements for E-UTRA physical layer aspects”, March 2010
[5] R1-140765, “Polarized Antenna modelling”, Ericsson, 3GPP TSG-RAN WG1 #76, Prague, Czech Republic, February 10–14, 2014

[6] R1-140842, “Discussion on Wrapping Methodology”, Ericsson, 3GPP TSG-RAN WG1 #76, Prague, Czech Republic, February 10–14, 2014
[7] R1-144262, “Configuration of 2D antenna arrays”, Ericsson, 3GPP TSG RAN WG1 Meeting #78bis, Ljubljana, Slovenia, October 6-10, 2014 

_1452513509.unknown

