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1 Introduction
According to the post RAN1#74 email discussion [74-09], companies are encouraged to evaluate the following UE association schemes:

•       Based on LOS direction only

•       Based on mean angles

•       Based on angle of all clusters

•       Based on angle of all rays of all clusters [1]
•       Based on channel realizations H

In this contribution we first evaluate different UE association methods using the coupling loss (CPL), geometry and throughput metrics. Finally, we share our preference on the UE association scheme, which we believed is the more suitable for the further studies of elevation beamforming and inclusion in the TR.
2 Coupling loss and geometry comparison
Coupling loss and geometry are two metrics that are often used to study the system level performance of different algorithms. Coupling loss consists of three components which are distance dependent pathloss, shadowing, and antenna gain. The introduction of coupling loss simplifies the modelling of each link at the system level by decoupling large scale propagation and small scale fading.
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Figure 1: Comparison of CPL and Geometry for different UE attachment schemes.

First, we evaluate the coupling loss and geometry of different UE association schemes. The corresponding CDFs are shown in Figure 1. The evaluation assumptions are listed in Table 2. As expected, different schemes result in different coupling loss CDFs, especially for cell edge UEs. Further, we can observe from Figure 1 that the geometry CDFs of the different schemes differ from each other significantly by up to a few dBs. From Figure 1, we have the following observation below:
Observation 1): Computing the coupling loss with more subpaths of the 3D channel model could improve the coupling loss of cell edge UE(s) but worsen the overall geometry.
The reason of quite divergent geometry CDFs for different schemes could be explained by Figure 2. In Figure 2, we compare the distribution of CPL from each UE to all 57 eNBs of the network for two schemes, LoS and All rays all clusters. We also calculate the standard deviation of CPL from each UE to all 57 eNBs. It can be seen that the UE attachment scheme using All rays all clusters improves the CPL not only for the serving eNB but also for all interfering eNBs. As a result, the signal to interference ratio gets reduced as shown in the geometry CDF. 
Observation 2): Using more subpaths for coupling loss calculation can reduce the CPL difference from a UE to the different eNBs and lead to significantly worse geometry CDF. 
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Figure 2: CPL and CPL standard deviation comparison for LoS and All rays all clusters.

Since the channel energy is spread over both azimuth and elevation dimensions in the 3D channel model, it is worth verifying which dimension plays the most important role in the geometry for the different UE attachment schemes. This can be quickly verified by two hypothetical simulation cases:
1) Setting the elevation spread of the angle of departure to be zero. Then, the channel energy is only along the LoS direction of the elevation dimension.
2) Setting the azimuth spread of the angle of departure to be zero. In this case, the channel energy is only along the LoS direction of the azimuth dimension.
In Figure 3 we compare the two cases above with the previously defined UE attachment schemes, LoS and All rays all cluster. We can conclude that the much wider distributed AoD accounts for the significant geometry difference. If we take all subpaths into account, the antenna gain in the coupling loss becomes an average of the antenna gain of all AoD directions. In contact to only considering the antenna gain in the LoS direction, taking all subpaths into account makes the antenna gain to different eNBs similar among each other.
Observation 3): The widely distributed AoD is the dominant factor causing the large geometry difference for different UE attachment schemes.
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Figure 3: The impact of the distribution of AoD and EoD on the geometry.
3 Throughput comparison
In Section 2, we discussed the impact of different UE attachment methods to the CPL and geometry CDFs. However, the impact of the geometry CDF on the system throughput depends on how the channel power of the fast fading channel component is normalized. The normalization may vary across companies after implementing different UE attachment schemes. This can have a large impact on the final capacity results required for calibration. As far as we know, there could be two methods to normalize the power of the fast fading channel:

Alt. 1: The average power of the fast fading part is normalized to one.
Alt. 2: The average power of the fast fading part depends on how the antenna gain is considered in the coupling loss calculation.
If we use Alt. 1, the large difference in the geometry CDF, see Figure 1, will directly lead to a large difference in the system throughput as shown in Figure 4 (Alt.1). However, if we use Alt. 2 to model the channel energy of the fast fading, the total link power, which includes both coupling loss and fast fading, remains constant no matter how the antenna gain is modelled in the coupling loss. This seems to be more reasonable when performing capacity simulations. In this case, the geometry CDF can be used only for calibration purposes and the differences in geometry CDFs would not lead to significant throughput changes as shown in Figure 4 (Alt.2). Thus, we arrive at the following observation:
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Figure 4: Capacity (normalized by the capacity of LoS based UE attachment) comparisons between different UE attachment schemes depending on different fast fading normalization alternatives
Observation 4): In order to calibrate the system level capacity results, it is necessary to align the modelling of the fast fading channel power normalization.
If the channel power of the fast fading is normalized to one, it is preferable to only use the LoS direction to model the antenna gain in the CPL because it results in the best geometry. On the other hand, the large difference in geometry does not lead to a large difference in the system level throughput when the total link power (coupling loss and channel power of fast fading) is kept constant for different UE attachment methods. It seems using the LoS direction to model the antenna gain is also a reasonable baseline approach because different UE attachment methods result in similar system throughput. Furthermore, we expect the gain of elevation beamforming over the baseline would not be largely impacted for different UE attachment methods. As such, we would recommend using the LoS direction to model the antenna gain for UE attachment in the baseline.
Proposal): Use the LoS direction based UE attachment scheme as the baseline in further simulations.
4 Conclusion
In this contribution, we evaluated the large scale coupling loss and geometry using different UE attachment schemes. We also analyzed the reason that causes significant geometry differences when using different schemes as well as the potential impact on the system capacity if different fast fading normalization methods are used. To summarize, we have the following observations:

Observation 1): Computing the coupling loss with more subpaths of the 3D channel model could improve the coupling loss of cell edge UE(s) but worsen the overall geometry.
Observation 2): Using more subpaths for coupling loss calculation can reduce the difference among CPLs from the same UE to different eNBs, and jeopardize the geometry.
Observation 3): The widely distributed AoD is the dominant factor causing the large geometry difference for different UE attachment schemes.
Observation 4): In order to calibrate the system level capacity results, it is necessary to align the modelling of the fast fading channel power normalization.
Based on those observations, we propose:
Proposal: Use the LoS direction based UE attachment scheme as the baseline in further simulations.
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6 Appendix
Table 2: Simulation assumptions for different UE association schemes.
	Parameter
	Value

	Duplex method 
	FDD

	Network synchronization
	Synchronized

	System bandwidth
	10 MHz

	# of UEs per sector
	10

	Transmission scheme
	TM 9 with SU-MIMO

	Codebook
	Rel-8 codebook for horizontal

	Antenna configuration
	ULA in case 3 of R1-133966

	Handover margin
	0 dB 

	Downlink scheduler
	PF

	Downlink link adaptation
	Wideband CQI/PMI on PUCCH (mode 1-1)

	Downlink HARQ
	Maximum four transmissions

	Downlink receiver type
	MMSE

	Channel estimation/Interference measurement
	Ideal

	Control Channel overhead
	3 OFDM symbols for DL CCHs, no EPDCCH


PAGE  
Page 5 of 5

