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1 Introduction
In RAN#78bis, a set of simulation scenarios and assumptions were agreed [1] and two options for antenna models were defined [2].  In this contribution we will use the specified simulation scenarios and assumptions for evaluating and calibrating the 8 TXRU codebook from LTE release 10. 

2 Simulation setup

In these simulations we will consider a four cross polarized column antenna array, as illustrated in Figure 1, using the Rel-10 8TXRU codebook. It is furthermore assumed that for the antenna array we have (M,N,K,P) = (8,4,8,2) and for each column antenna and polarization an electrical tilt is applied by using the antenna weights
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where k corresponds to the k:th subelement. Applying these antenna weights will hence map the M subelements from one column and polarization to one antenna port producing in total eight antenna ports. We will furthermore base the cell selection on CRS port 0. 
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Figure 1. Illustration of the simulated antenna configuration, each rectangle corresponds to a single cross polarized column antenna with M=K=8 antenna sub-elements each
We will use the tilt values agreed upon in the e-mail discussions after RAN1#78bis regarding electrical tilt angles for phase-1 simulations in homogeneous scenarios. The conclusion was that the tilt angles in Table 1 can be used for common tilt values A. 

There is also a possibility to use optimized tilt values B, according to the email discussion, but for these Phase 1 evaluations our preferred tilts B are identical or very near these common tilts. In Phase 2, it is expected that commonly agreed tilts A and company specific tilts B would differ more and there the evaluation of A and B tilts will be useful.
Table 1 Common tilt values (A)
	Channel 

Model
	ISD
	Carrier Frequency
	Tilt

	3D-UMa 
	500m
	2 GHz
	100 deg.

	3D-UMa 
	200m
	2 GHz
	104 deg.

	3D-UMi
	200m
	2 GHz, 3.5 GHz
	100 deg.


3 Results

In Table 2-Table 4 we present our simulation results for non-full buffer traffic at 20%, 50% and 70% resource utilization. 
Table 2. Simulation results at 20% resource utilization and using common tilt values A.

	Scenario
	Mean user throughput 
[bps/Hz/user]
	Cell edge user throughput 
[bps/Hz/user]

	
	Geometrical distance wrapping
	Radio distance based wrapping
	Geometrical distance wrapping
	Radio distance based wrapping

	3D UMa, 500m ISD, 
2 GHz
	3.3790
	3.3267
	1.2031
	1.1723

	3D UMa, 200m ISD, 
2 GHz
	3.4479
	3.3239
	1.3435
	1.2502

	3D UMi, 200m ISD,
 2 GHz
	3.4092
	3.2990
	1.2312
	1.1542

	3D UMi, 200m ISD, 
3.5 GHz
	3.3125
	3.2436
	1.0811
	1.0920


Table 3. Simulation results at 50% resource utilization and using common tilt values A.

	Scenario
	Mean user throughput 
[bps/Hz/user]
	Cell edge user throughput 
[bps/Hz/user]

	
	Geometrical distance wrapping
	Radio distance based wrapping
	Geometrical distance wrapping
	Radio distance based wrapping

	3D UMa, 500m ISD,
2 GHz
	2.3255
	2.2597
	0.5267
	0.5025

	3D UMa, 200m ISD,
2 GHz
	2.2279
	2.1587
	0.4986
	0.4735

	3D UMi, 200m ISD,
2 GHz
	2.2250
	2.1618
	0.4702
	0.4510

	3D UMi, 200m ISD,
3.5 GHz
	2.2524
	2.1903
	0.4765
	0.4721


Table 4. Simulation results at 70% resource utilization and using common tilt values A.

	Scenario
	Mean user throughput 
[bps/Hz/user]
	Cell edge user throughput 
[bps/Hz/user]

	
	Geometrical distance wrapping
	Radio distance based wrapping
	Geometrical distance wrapping
	Radio distance based wrapping

	3D UMa, 500m ISD,
2 GHz
	1.6240
	1.7218
	0.2676
	0.2806

	3D UMa, 200m ISD,
2 GHz
	1.5598
	1.5235
	0.2573
	0.2450

	3D UMi, 200m ISD,
2 GHz
	1.6052
	1.5908
	0.2254
	0.2552

	3D UMi, 200m ISD,
3.5 GHz
	1.6017
	1.5271
	0.2340
	0.2383


In Table 5 we compare the obtained performances for geometrical distance versus radio distance based wrapping. Radio distance based wrapping is considered as baseline and we study mean user throughput as well as cell edge throughput values in the served traffic points where the radio distance based wrapping system reaches resource utilizations 20%, 50% and 70%. It can be seen that geographical wrapping gives largely over estimated throughput figures compared to the more accurate radio distance based wrapping.
Table 5. Obtained (artificial) gains by using the coarser model produced by geographical distance based wrapping instead of radio distance based wrapping. 
	Scenario
	Mean user throughput
	Cell edge user throughput

	Resource utilization
	20%
	50%
	70%
	20%
	50%
	70%

	3D UMa, 500m ISD, 2 GHz
	3%
	9%
	13%
	6%
	17%
	32%

	3D UMa, 200m ISD, 2 GHz
	6%
	14%
	23%
	12%
	30%
	49%

	3D UMi, 200m ISD, 2 GHz
	5%
	9%
	16%
	10%
	20%
	23%

	3D UMi, 200m ISD, 3.5 GHz
	2%
	5%
	13%
	-1%
	6%
	13%


Observation:

· As particularly seen for UMa and 200m ISD, the difference in performance between accurate radio distance based wrapping and the geometrical wrapping is large, performance is highly over-estimated in the latter case  since strong links are neglected.
· Geographical distance based wrapping ignores pointing directions of antenna diagrams and hence may choose the wrong wrapping copies of sectors with low instead of high coupling gain to the UE
· These large differences occur despite the fact only down-tilts are assumed. Differences will be larger if elevation beamforming is adopted
4 Conclusion

Phase 1 results have been presented both with radio based and geometrical based wrapping. The errors using the geometrical based wrapping is substantial at high resource utilization.
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6 Appendix

	Simulation parameters

	Carrier frequency
	2 GHz 

	Bandwidth
	10 MHz 

	Scenarios
	3D UMa, 3D Umi

	Cell layout
	3 azimuthal sectors per site, 57 azimuthal sectors in total

	Wrapping
	Radio distance based and geometrical 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 
	46 dBm in UMa

41 dBm in UMi

	Traffic model
	FTP model 1, 500 kb packets

	UE speed 
	3 km/h

	Scheduling 
	Proportional fair in time and frequency

	CRS interference 
	Not modeled. Overhead accounted for.

	HARQ
	Max 5 retransmissions

	eNB antenna array
	2D antenna arrays with 0.8-spacing vertically and 0.5-spacing horizontally

	Handover margin
	3 dB



