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1. Introduction

Currently, 3GPP RAN1 is deciding on 3D channel models including elevation angles for reflectors at BS and UE sides. In 3GPP 36.814 [1] parabola based 3D antenna models have been introduced with a narrow vertical beam pattern with half power beam width of, e.g. 15°. Currently, in RAN1 composite antenna models are defined [2, 3] that combine a narrow vertical half power beam width with vertical side lobes.
In reality, a UE performs a handover based on measured signal strengths from its own and neighbor cells. Especially in case of an NLoS channel between transceiver and UE the signal energy is transmitted in the direction of the reflection clusters, not in the direction of the direct LoS link. In contrast to this, the most commonly used UE attachment model decides on the serving cell before small scale parameters e.g. Azimuths and Elevations of Departure and Arrival (AoD, EoD, AoA, EoA) are calculated. However, this leads to a suboptimal performance and may lead to wrong conclusions about performance gains of enhanced algorithms, e.g. vertical beam switching. 
It was agreed in RAN1 #74bis that for RSRP calculations needed for UE attachment (including coupling loss calculations), all rays of all clusters shall be used for a given link between a UE and a transmission point. However such statement does not specify how all rays of all clusters shall be involved for RSRP calculations.  Certain concern for CRS port virtulization was roughly discussed. Therefore a UE attachment model is proposed and clarified here for further calibration of Case 2 and 3 when taking into account 3D fast fading channel model.  

2. UE Attachment Models
The most common UE attachment model decides on the serving cell based on antenna gain, path loss, and shadowing for all channels between any BS antenna and the considered UE. It is important that according to this model the antenna gain is calculated with respect to the LoS direction, i.e. with respect to azimuth and elevation of the straight line between transmit antenna and UE.
In contrast to this, a real UE receives signals in LoS direction only if it has a LoS channel. In many cases, especially for cases with low SINR, the UE has an NLoS channel. For NLoS channels, the signal is transmitted and received towards the direction of the reflection clusters. This leads to a more accurate UE attachment model if it is based on the average signal power, i.e. the RSRP received by all reflectors.
Figures 1 and 2 show an example of the consequences of the different UE attachment models for a decision between cells and for a decision between vertical sectors, respectively. Note that for the calculation of throughputs over the MIMO channels the reflection clusters are considered anyway. So, there is not much additional effort to consider a more accurate UE attachment model. We expect a better throughput, especially for cell border UEs with a larger list of potential handover candidates.
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Figure 1: UE attachment models in case the UE has to decide between two different cells: When considering reflectors the UE decides for the BS2, otherwise, when antenna gain is calculated based on LoS links, the UE decides for BS1.
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Figure 2: UE attachment models in case the UE decides between two vertical sectors: When considering reflectors for antenna gain calculations, the UE decides for the upper sector, otherwise, when antenna gain is calculated based on LoS direction, the UE decides for the lower vertical sector.

The antenna amplitude gains with respect to azimuths and elevations towards the reflection clusters are called antenna element field vectors. The most important parameters for UE attachment are the BS antenna element field vectors 
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 that denote the antenna amplitude gain towards subpath m of reflection cluster n for TX antenna element s and RX antenna element u and for vertical (
[image: image5.wmf]q

) and horizontal (
[image: image6.wmf]f

) polarization. In most cases the vertical and horizontal antenna amplitude gains are assumed to be equal. Furthermore, in most cases, it is assumed that the antenna element field vectors for all TX antenna elements are also equal. The same is true for the RX antenna elements. During the process of small scale parameter calculation, the relative signal power conveyed via any subpath m of any reflection cluster n is determined at the beginning of each drop. In case of SCM, SCME, and ITU-R based channel models the relative power 
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of one reflection cluster is evenly distributed among all subpaths, while 
[image: image8.wmf]n
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 itself depends on random generation and also on the delay of the corresponding reflection cluster. 
The channel coefficient for subpath m of reflection cluster n, for RX antenna element u and TX antenna element s is:
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(1)
Note that eq. (1) considers the transmit power of TX antenna element s and the power coupling gain GC which includes path loss and shadow fading. Eq. (1) consists of a constant part and a time dependant Doppler part. The constant part considers transmit power, path loss, shadow fading, cluster power, antenna gains, co-pol and cross-pol gains. Note, that the absolute value of the Doppler part is one. Hence, for the calculation of average receiving powers we do not have to consider the Doppler part.
The constant part is:
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(2)
The average receiving signal level of the signal transmitted by TX element s and received by RX antenna element u via subpath m of cluster n is:
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(3)
And the total average receive signal level, i.e. the RSRP measured at the RX antenna is:
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(4)
with the number of RX antenna elements U, the number of TX antenna elements S, the number of clusters N, and the number of subpaths for the nth cluster M(n).

In system simulations it is very convenient to calculate constant parts only once, at the beginning of a drop. Consequently, it is very likely that in 3GPP compliant simulators a data structure exists that represents all values 
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 for every u, s, n, and m. In this case, the average RSRP measured at the receive antenna can be easily obtain using Eq. (4).
We do not recommend considering receive weights for the UE association model. During a drop a mobile is constantly attached to one cell. In case of considering receive weights, this cell might be temporarily the best one and it might be different to the cell determined by our proposed UE attachment model. However, during drop simulation, the mobile might want to do a handover to a better cell.
Simulations have been performed based on the new 3D UMa and 3D UMi models defined in [4], except for the 3D fast fading channel for which the Winner+ UMa 3D and UMi 3D models have been used. The 3D extensions of the channel model are described in [5] and the 3D parameters are included in [6]. However, the LS parameter cross correlations proposed by Winner+ do not yield valid cross correlation matrices and have been corrected according to Table 2 in Appendix. Please note that, in case of contradicting parameters, the 3GPP UMa (36.814) parameters have been selected. Hence, the Winner 3D extensions only refer to the new parameters for the elevations of departure and arrival.
Table 1: Simulation results for UMa 3D and UMi 3D environment with and without vertical sectorization and with LoS and proposed UE attachment models
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1 UMa 3D 46 6 n.a. no 2.16 493

2 UMa 3D 43 -2 14 no 2.88 307

1 UMa 3D 46 6 n.a. yes 2.17 0.7 631 28

2 UMa 3D 43 -2 14 yes 2.88 0.1 663 116

1 UMi 3D 41 6 n.a. no 2.20 370

2 UMi 3D 38 -7 12 no 2.71 213

1 UMi 3D 41 6 n.a. yes 2.25 2.5 617 67

2 UMi 3D 38 -7 12 yes 2.78 2.4 755 255


Table 1 clearly shows, that especially the cell border throughput is impacted, when a more realistic UE attachment model is applied that considers the RSRP measured at the receive antenna. We obtain  gains up to 67% for a single vertical sector and 255% for 2 vertical sectors served by two independent PF schedulers. The impact on mean UE throughput is not significant. The UE attachment model mainly has impact on cell border mobiles with a larger list of possible candidate cells.

Therefore in case of simulations based on 3D channel models and directive antennas with small vertical beam widths for the evaluation and comparison of system performances (e.g. spectral efficiency) and individual service qualities (e.g. mean user throughput, cell border throughput), improved UE attachment model is proposed as follows:
Proposal 1: it is proposed to use improved UE attachment procedure based on average PRSRP measured at the receive antenna shown in equation (4) and taking into account all propagation paths/subpaths and directional antenna gains for the purpose of 3D MIMO fast fading channel modelling calibration. 

3. Conclusion

This contribution has presented simulation results based on different UE attachment procedures which suggest the impact of cell edge throughput and lead to a virtual gain. For the ease of comparison among 3D MIMO channel calibration results with fast fading channel and taking into account more reasonable UE attachment procedure, our proposals are given as follows: 
Proposal 1: it is proposed to use improved UE attachment procedure based on average PRSRP measured at the receive antenna shown in equation (4) and taking into account all propagation paths/subpaths and directional antenna gains for the purpose of 3D MIMO fast fading channel modelling calibration. 
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Appendix:  Simulation Assumption
Table 2: Cross correlations proposed by Winner+ and corrected values, that yield a valid cross correlation matrix
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ASD vs DS 0.5 0.5 0.0 0.0 0.4 0.4 0.4 0.4 0.4 0.4

ASA vs DS 0.8 0.8 0.4 0.4 0.4 0.4 0.8 0.8 0.6 0.6

ASA vs SF -0.4 -0.4 -0.4 -0.4 0.0 0.0 -0.5 -0.5 0.0 0.0

ASD vs SF -0.5 -0.5 0.0 0.0 0.2 0.2 -0.5 -0.5 -0.6 -0.6

DS   vs SF -0.4 -0.4 -0.7 -0.7 -0.5 -0.5 -0.4 -0.4 -0.4 -0.4

ASD

 

vs ASA 0.4 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.4

ASD vs K -0.2 -0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

ASA vs K -0.3 -0.3 0.0 0.0 0.0 0.0 -0.2 -0.2 0.0 0.0

DS vs K -0.7 -0.7 0.0 0.0 0.0 0.0 -0.4 -0.4 0.0 0.0

SF vs K 0.5 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

ESD vs SF 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

ESA vs SF 0.0 0.0 0.0 0.0 0.0 0.0 -0.8 -0.2 -0.8 -0.5

ESD vs K 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

ESA vs K 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

ESD vs DS -0.5 -0.1 -0.5 -0.5 -0.6 -0.3 -0.5 -0.1 -0.5 -0.3

ESA vs DS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

ESD vs ASD 0.5 0.1 0.5 0.5 0.5 0.3 0.5 0.1 0.5 0.3

ESA vs ASD 0.5 0.1 0.5 0.5 0.0 0.0 0.0 0.0 -0.4 -0.2

ESD vs ASA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

ESA vs ASA 0.0 0.0 0.0 0.0 0.5 0.3 0.4 0.1 0.0 0.0

ESD vs ESA

0.0 0.0 0.0 0.0 0.5 0.5 0.0 0.0 0.0 0.0

Umi  Uma

Cross-Correlation


Other important parameters are summarized in Table 2. 

Table 3: Selection of Simulation Parameters

	Parameter
	Value

	Inter Site Distance
	500 m

	Carrier Frequency
	2 GHz

	Path loss model 
	UMa 3D and UMi 3D according to [4]

	Number Sites
	19 tri-sector sites

	Number UEs
	570

	Indoor / outdoor distribution
	20% outdoor, 80% indoor

	Maximal Number of floors (indoor mobiles only)
	4 … 8 (uniformly distributed)

	Floor height
	3 m

	UE height (outdoor)
	1.5 m

	UE height (indoor)
	(1) Randomly chose number floors for building

(2) Randomly chose floor nfl (uniformly within building)

(3) hUE = 3m(nfl -1) + 1.5m

	UE speed
	3 km/h

	UE antenna
	I I, λ/2 spacing, random orientation, omni-dir., 0dB gain

	UE RX noise figure
	7 dB

	UE handover margin
	0 dB

	UE receiver
	LMMSE, ideal channel estimation

	Target BLER for Link Adaptation
	0.1

	Number of PDCCH OFDM symbols
	3

	Transmission mode
	Closed loop, based on UE feedback (CQI, PMI, RI)

	Feedback period
	5 subframes

	Feedback delay
	6 subframes

	BS antenna height
	25 m for UMa 3D, 10 m for UMi 3D

	Number of vertical antenna elements
	10 with λ/2 spacing

	Max. gain of vertical antenna element
	8 dBi

	HPBW azimuth
	65 deg

	Backward attenuation azimuth
	30 dB

	HPBW elevation
	65 deg

	Backward attenuation elevation
	30 dB

	Mechanical downtilt
	0 deg

	Electrical downtilt (with convenient precoding of vertical elements)
	6 deg, 9 deg, 12 deg

	Horizontal antenna structure
	XX with λ/2 horizontal spacing

	Max TX power
	46 dBm

	Scheduler
	Frequency selective proportional fair

	UE attachment based on
	(1) LoS link antenna gain calculation
(2) reflection clusters considered for antenna gain

	Channel model
	UMa 3D based on:

UMa 2D parameters, see [1]

+ additional elevation parameters from [6] and [7]

+ cross correlations according to Table 2
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