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1. Introduction
In this contribution we present our views on the general evaluation methodology for EBF/FD-MIMO and specifically for phase-1 evaluations as per guidance from the SID [1]. 
2. Evaluation strategy

We believe that evaluating the need for 16, 32 or 64 measurement ports is the most important objective in this SID. It would, therefore, be helpful to structure the evaluations properly in RAN1 because the scope of the SID offers a lot of flexibility and the opportunity to have prolonged discussions/simulation campaigns. At a high-level the following is our vision of structuring the evaluations in this SID.
Step 1: Categorise the EBF/FD-MIMO techniques into a few categories (this is addressed in a companion contribution [2])

· The goal is to limit the number of simulation cases and standardize terminology/assumptions across companies
· The categorization is driven by the virtualization method of the antenna ports to the antenna elements
· For a given 2D array of antenna elements + TXRUs one or more categories may be applicable
Step 2: Agree on deployment scenarios, antenna modeling and virtualization parameters for each scenario and category (this is addressed in this contribution for some cases).
· It is desirable to agree on a common TXRU to  antenna element virtualization
Step 3: Performance evaluation of the standard specific enhancements for each applicable category for a given 2D array of antenna elements and TXRU configuration according to steps 1, 2.

· A comparison is considered fair if both are allowed by the same 2D array of elements+TXRUs
3. Antenna configuration
Antenna spacing: The horizontal antenna spacing dH assumed in the TR 36.873 is 0.5λ.This can be reused in this SI as well. In the elevation domain it may be simple to consider M=8 antenna elements that naturally fits into 8, 16, 32, 64 TXRUs. The maximum number of columns to be considered then turns out to be 1, 2 and 4 considering cross-polarized 2D arrays for macro eNBs. Assuming M=8 a vertical antenna spacing dV =0.65λ leads to approximately a 10 deg HPBW in elevation. A slightly larger spacing can be benefitial for steering narrow elevation beams though it increases the physical dimensions of the array to a certain extent.   
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Figure 1: Magnitude beam pattern (including antenna element pattern) comparison with a 10 degree HPBW parabola. 
Proposal-1: Cross-polarized 2D arrays can be considered with M=8, N=1, 2, 4. dV ~0.65λ  or slightly larger and dH~0.5λ 
Antenna virtualization: The virtualization of antenna elements for a single TXRU includes the modelling of the radio distribution network in an AAS. The radio distribution network and the overall virtualization aspect is an implementation issue. It is expected that the capabilities of a radio distribution network would affect the virtualization model, for example whether both amplitude and phase can be changed for optimisation of the RF beams, resolution of the phase shifters/attenuators etc. The goal in this SID is to generate simulation results from multiple sources that can be comparable – therefore it is desirable to achieve a harmonized virtualization model that is reasonable but not necessarily optimal.
The virtualization principle introduced in TR 36.873 in the elevation dimension can be extended in this SID. In the following we consider virtualization of 1, 2 and 4 TXRUs in the elevation dimension. In the case of 1 TXRU the DFT virtualization weights described in TR 36.873 can be applied or some simple tapering may be used Figure 1. In the case of 2 or 4 TXRUs two types of virtualization weights may be considered. In general the virtualization weights applied to the set of TXRUs are designed jointly. The design of weights depends on the category of techniques under consideration as discussed in detail in [2] and may be classified as: 
a) Wide elevation beam (2 or 4 TXRUs): The virtualization weights mapping the antenna elements to a TXRU form a (elevation) beam providing coverage for all the UEs located in a azimuth macro sector. This is applicable for techniques where all the TXRUs belong to a single vertical sector (Type 1B in [2]). This category involves techniques where MIMO precoding is used to adapt in both azimuth and elevation dimensions (2D adaptation) within the vertical sector.
b) Narrow elevation beam (2 or 4 TXRUs): The virtualization weights mapping the antenna elements to a TXRU form a (elevation) beam providing coverage for a fraction of the UEs located in a azimuth macro sector. This is applicable for techniques where the 2, 4 TXRUs are used to create 2 or 4 vertical sectors respectively (Type 2A in [2]). This category involves techniques where MIMO precoding is used to adapt only in the azimuth dimension (1D adaptation) within a vertical sector.
c) Moderate elevation beam (4 TXRUs): It is possible to envision techniques that does not belong to either a) or b) for example a case where 4 TXRUs are used to create 2 vertical sectors (Type 2B in [2]). 
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Figure 2: Illustration of narrow elevation beams for virtualization of 4 TXRUs
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Figure 3: Illustration of wide beams for virtualization for 4 TXRUs
Notes: 
1) Virtualization of multiple TXRUs in azimuth or elevation into one port (for e.g. a CRS port) may be applied but such virtualization is not considered here. It is assumed that the antenna elements to TXRU virtualization is designed independently from the TXRU to port virtualization.
2) Corresponding to each type of virtualization (wide-beam or narrow-beam) in reality there could be multiple design choices driven by the RF hardware architecture and cost for example all the antenna elements (M=8) may be used for virtualization of each TXRU or only a subset of the antenna elements (sub-array) may be used. Restrictions can also be imposed in terms of the allowed amplitude/phase variations. However, in order to reduce the number of simulation cases it is desirable to agree on a single beam weight for each virtualization type. 

Proposal-2: Consider virtualization weights for 1, 2, 4 TXRUs in the vertical dimension. For the case of 1 TXRU a wide elevation beam can be used for virtualization. For the case of 2 TXRUs two types of virtualization weights are envisioned – (i) a wide elevation beam and (ii) a set of narrow elevation beams. Additionally another type of virtualization weight (moderate elevation beam) can be envisoned for 4TXRUs.
4. Scenarios
Homogeneous scenarios: The two homogeneous scenarios 3D-UMa and 3D-UMi as described in TR 36.873 can be used. In the following we have simulated FD-MIMO in a 3D-UMa environment with two different ISD values 500m and 200m. A single cross-polarized column (N=1) with M=8, dV =0.65λ is used with 16 CSI-RS ports along with covariance matrix feedback and dynamc SU/MU transmission. Figure 4 shows that in both cases the received SINR at the UEs are comparable but Figure 5 shows that more UEs are paired in the case of ISD=200m. This leads to significant improvements in cell throughput for the 200m ISD case as shown in Figure 7.An intuitive explanation is provided in Figure 6 – it shows that in the ISD=200m case there is a higher probability of finding UEs that are spatially separated (in terms of mean ZOD) by a certain angle. Thus initial results show that denser macro networks with smaller ISD can be more attractive for AAS deployments. As an example of real deployments of conventional eNBs, in two existing macro networks (with above rooftop eNBs) it is found that the mean ISD is equal to ~337m (mean over sites in a 30 square kms area) in a European city and is equal to ~160m in a North American city. We therefore propose to consider a smaller ISD value for the 3D-UMa scenario in this SID.
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Figure 4: CDF of PDSCH SINR observed at the receiver
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Figure 5: CDF of the number of paired UEs for PDSCH transmission
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Figure 6: CDF of the magnitude of the difference of pairwise mean ZOD for UEs attached to the same eNB
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Figure 7: CDF of the UE spectral efficiency 

Heterogeneous scenarios: The scope and target enhancements for HetNet scenarios is left open in the SID and require RAN1 decisions to progress. In our view enhancements specific to macro-macro or macro-pico interference mitigation especially with non-ideal backhaul can be considered with lower priority (this includes enhancements with similar framework as e-CoMP, eICIC). SCE scenario-1 and SCE scenario-2a are potential template scenarios (with 3D-UMa and 3D-UMi channel models) for heterogeneous networks but further clarifications on antenna patterns, backhaul assumptions are required.
The horizontal antenna element pattern for a pico eNB is FFS in TR 36.873 but a natural assumption would be to use AE,H(φ)=0. The vertical antenna element pattern is agreed to be parabolic with 650 HPBW in 36.873 and can be reused.
Proposal-3: Consider 3D-UMa with ISD=200m and 3D-UMi macro homogeneous scenarios. Clarification is needed on the scope of enhancements specific to macro-macro or macro-pico interference mitigation techniques – this is needed to properly define heterogeneous scenarios.

5. Parameters for phase-1 system simulations
It is desirable to consider a single simulation case for a given scenario in order to contain the phase-1 simulation effort. The phase-1 simulations can serve a dual purpose of providing a baseline performance as well as a case for calibration across different companies. Therefore some compromises on the simulation parameters have been proposed as shown below-
Table 1: Proposed simulation assumptions for phase-1 evaluations
	Parameters
	Proposed values

	Homogeneous scenarios
	3D-UMa (consider ISD=200m), 3D-UMi

	Heterogeneous scenarios
	need further discussion

	BS antenna configurations
	K=M=8, N=4, X-pol (+/-45), dV ~0.65λ, dH ~0.5λ, θetilt = 12 degrees
Note: discussion needed on tapering, optimisation

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

	System bandwidth
	10MHz (50RBs)

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

	Carrier Frequency 
	2GHz

	Duplex 
	FDD

	Network synchronization 
	Synchronized

	Number of UEs per cell 
	10 for full-buffer, according to desired load for bursty

	UE distribution 
	Follows 36.873 3D-UMa, 3D-UMi

	UE Speed 
	3km/h

	Polarized antenna modeling
	[Model1 or Model2] need further discussion

	UE array orientation
	ΩUT,a uniformly distributed on [0,360] degree, ΩUT,b = 90 degree, ΩUT,g = 0 degree

	UE antenna pattern
	Isotropic antenna gain pattern A’(θ’,ф’) = 1

	Traffic model 
	Full buffer, FTP Traffic Model 1 (low – 20% RU, medium - 40% RU, high – 60% RU)

	Scheduler 
	Frequency selective scheduling 

	Receiver 
	Ideal channel estimation

	
	Ideal interference modeling (assume all the interference is from PDSCH and measured from IMR)

	
	LMMSE-IRC receiver

	Hybrid ARQ 
	Maximum 4 transmissions 

	Feedback 
	PUSCH 3-2 

	
	CQI and PMI reporting triggered per 5ms 

	
	Feedback delay is 5 ms 

	
	Rel-10 8Tx codebook 

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

	Transmission scheme
	TM10, single CSI process, dynamic SU/MU-MIMO with rank adaptation (no CoMP)

	Wrapping method
	Geographical distance based

	Handover margin (for calibration)
	[1-3] dB  - need further discussion

	Metrics
	Cell average SE

	
	5% cell-edge SE


6. Conclusion
Proposal-1: Cross-polarized 2D arrays can be considered with M=8, N=1, 2, 4. dV ~0.65λ  or slightly larger and dH~0.5λ
Proposal-2: Consider virtualization weights for 1, 2, 4 TXRUs in the vertical dimension. For the case of 1 TXRU a wide elevation beam can be used for virtualization. For the case of 2 TXRUs two types of virtualization weights are envisioned – (i) a wide elevation beam and (ii) a set of narrow elevation beams. Additionally another type of virtualization weight (moderate elevation beam) can be envisoned for 4TXRUs.

Proposal-3: Consider 3D-UMa with ISD=200m and 3D-UMi macro homogeneous scenarios. Clarification is needed on the scope of enhancements specific to macro-macro or macro-pico interference mitigation techniques – this is needed to properly define heterogeneous scenarios.
Proposal 4: The phase-1 simulations can serve a dual purpose of providing a baseline performance as well as a case for calibration of simulation results across different companies. Proposed simulation assumptions for phase-1 simulations are in Table-1.
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