3GPP TSG RAN WG1 Meeting #73                                                   
 R1-132242
Fukuoka, Japan, 20th – 24th May 2013
______________________________________________________________________Agenda item: 6.2.6.1
Source: LG Electronics
Title: Initial evaluation results based on height-dependent UE modeling
Document for: Discussion and Decision
1. Introduction
In RAN1#72bis meeting, three WFs on detailed scenarios [1], antenna model for 3D channel modeling [2], and height-dependent pathloss [3] are discussed and relevant decisions were made with some changes during the 3D session.  An agreement on height-dependent pathloss from RAN1#72bis is given as follows:
· Working Assumption for all bullets except PLb for LOS and 3D UMi PL:

· For NLOS/LOS UMa/UMi PL calculations, the 2D distance shall be replaced with 3D distance.

· For outdoor UEs, reuse ITU UMi LOS/NLOS and ITU UMa LOS/NLOS PL equations at hUT = 1.5 m in 36.814.

· For indoor UEs,

· UMa/UMi O-I pathloss modeling is according to:
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· PLtw = 20 dB

· PLin = 0.5 din, where din = Uniform(0, min(25, d)).
· PLb is determined according to the next slide.
· PLb for LOS

· Both for UMi/UMa, reuse the ITU LOS PLformula  (with the new UE height)

· PLb for NLOS- the baseline understanding is that the following formula is considering collectively all paths seen by the UE.  Meanwhile, the application of this formula separately to the above-rooftop paths can be further investigated.

· 3D UMa PL is determined according to:
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Where
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· α is FFS, and to be chosen from 0.6, 0.9, 1.1 and 1.5 

· 3D UMi PL 

· Study introduction of additional term to the ITU UMi NLOS PL, capturing a linear decrement of PL with hUT.

· Study impact of the clutter height

In this contribution, we provide initial evaluation results based on the agreed height-dependent UE modeling, although there also exist some remaining issues after the email discussion [72bis-19] on PLb for LOS and 3D UMi PL.  Specifically, different breakpoint (BP) models in the UMi/UMa LOS pathloss function are considered, and different  values are simulated in the linear height gain model 
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 of UMi/UMa NLOS pathloss formula. Also, we used the agreed (as working assumption) complex weight for antenna element m, which is 
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, where we further investigate the optimal electrical tilting angle 
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for both UMa and UMi for the calibration. In Annex A, evaluation assumptions that we applied are given.
Regarding the agreement on antenna modeling, there exist further clarification issues such as element- or port-based channel generation and RS port-to-element mapping for evaluation campaigns, which is separately discussed in our companion contribution [4].
2. Evaluation results based on 3D-channel
2.1. UMa/UMi LOS PL with breakpoint distance
Current LOS pathloss model for UMi and UMa has the fixed environment height (henv) of 1m [5].  During the email discussion [72bis-19], however, companies suggested several approaches to modify the existing breakpoint (BP) distance calculation to take the UE height dependency into account.  Since some of suggested approaches are not in a complete form, we initially evaluated following three representative approaches for the breakpoint distance calculation:
· BP model 1:  Same as 36.814 (henv = 1m) with variable UE height hUT
· BP model 2:  Fixed BP distance (@ hUT = 1.5m with henv = 1m)
· BP model 3:  Using a simplified averaging formula for henv = min( (2/3)*hBS, (2/3)*hUE )
BP model 1 is the same as 36.814 with henv = 1m, but the UE height hUT varies up to the 8th floor according to the agreed UE height model in RAN1#72bis.
BP model 2 is using the fixed BP distance (@ hUT = 1.5m with henv = 1m) for all height-different UEs at a certain location.
BP model 3 is a simplified averaging formula henv = min( (2/3)*hBS, (2/3)*hUE ) to have henv propotional to hUT with the same ratio for henv = 1 @ hUT = 1.5 given in 36.814.
The differences among the models can be intuitively seen by the calculation examples in Table 1, where UMi with eNB height hBS = 10m and variable UE height are considered, to figure out the BP distance according to each BP model.
It is observed the BP distance of BP model 1 is significantly increased compared to those of BP models 2 and 3, since the environment height henv in BP model 1 is fixed to 1m even when the UE height hUT is increasing.  BP model 2 has always a fixed BP distance which is obtained from hUT = 1.5m with henv = 1m.  BP model 3 shows a moderate increase in BP distance, which can be considered as a simple alternative of the BP modelling, reflecting the UE height dependency in an average sense.
Table 1.  Calculation examples of the BP distance for BP models in UMi channel.
	eNB height [m]
	UE 
height [m]
	BP model 1
	BP model 2
	BP model 3

	
	
	Environment height [m]
	Breakpoint [m]
	Environment height [m]
	Breakpoint [m]
	Environment height [m]
	Breakpoint [m]

	10
	1.5
	1
	120
	1
	120
	1
	120

	10
	4.5
	1
	840
	N/A
	120
	3
	280

	10
	7.5
	1
	1560
	N/A
	120
	5
	333

	10
	10.5
	1
	2280
	N/A
	120
	6.7
	341

	10
	13.5
	1
	3000
	N/A
	120
	6.7
	607

	10
	16.5
	1
	3720
	N/A
	120
	6.7
	874

	10
	19.5
	1
	4440
	N/A
	120
	6.7
	1141

	10
	22.5
	1
	5160
	N/A
	120
	6.7
	1407


UMa/UMi LOS Pathloss curves derived from the above three models are plotted in Figure 1, for the case when the UE is on the 3rd floor.  It can also be observed the three models show different BP distances, and the gaps among the pathloss curves for both UMa and UMi are larger at a relatively farther distance.
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Figure 1.  LOS pathloss for UMa (left figure) and UMi (right figure).
In addition to the results in Table 1 and Figure 1, geometry results for the three models for both UMa and UMi are plotted in Figure 2 (with 100% LOS) and Figure 3 (with LOS/NLOS probability). Here, we applied etilt = 102.
In Figure 2 with 100% LOS environment, it is observed that BP model 2 outperforms both of BP models 1 and 3. Since the BP distance of model 2 is much smaller than those of models 1 and 3, relatively larger pathloss is experienced after the breakpoint in BP model 2.  This larger pathloss has more impact on the interference power than the desired signal power, so that model 2 with relatively weaker interference has a better performance than models 1 and 3.
In addition, we can observe the performance gap between models 1 and 3 is marginal in spite of different break points. This result may be caused by the current 2 tier model for cell layout. In UMa channel environment, the distance between BS and UE cannot be larger than 1250m under the current cell layout. However, the break points of UEs on the 3rd floor are already over 1250m in both of BP models 1 and 3, as shown in Figure 1.  Since UEs on higher floor than 3rd floor have larger break points, these effects may result in the marginal performance gap between the models 1 and 3 in Figure 2.
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Figure 2.  Geometry results with 100% LOS for UMa (left figure) and UMi (right figure).

In Figure 3 with the ITU model for LOS probability, it is observed the performance gaps between all three curves are not significant. Here, we applied  = 1.1 for both UMa/UMi NLOS PL. Since interference links may have high probability to be NLOS due to the larger distance between BS and UE compared to the desired link from the serving-cell, it seems that the performance gap is not much affected by BP models. Although the performance differences are not shown as significant, the modification of the BP calculation formula based on UE height would also be beneficial in consideration of future works.
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Figure 3.  Geometry results with ITU LOS probability for UMa (left figure) and UMi (right figure).
2.2. UMa/UMi NLOS PL
Figures 4 and 5 show geometry results for UMa/UMi NLOS PL, where we used the agreed (as a working assumption) UMa NLOS PL and a similar linear function for UMi NLOS PL as well, both with different  values (for  = 0.6, 0.9, 1.1, and 1.5) in the height gain term.  In Figure 4, all the links are assumed to be NLOS, and in Figure 5 the ITU model for LOS/NLOS probability is used. 
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Figure 4.  Geometry results for different 
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values with 100% NLOS: 
UMa (left figure) and UMi (right figure).

In Figure 4, it is observed that the various values do not have much impact on the performance differences among the three curves. This is because the height gain function seems evenly affected to both the desired signal power from the serving cell and the interference power from other cells.
Unlike these results, we can see non-negligible performance gaps in Figure 5. It is observed that the larger height gain as increases resulted in the lower geometry performance. It may be due to the fact that in general the desired link is more likely to be LOS, whereas the interference link is more likely to be NLOS.  When the desired link is LOS and the interference link is NLOS, the interference power is stronger due to the larger height gain term, and this effect seems resulting in the non-negligible performance gaps in Figure 5.  Also observed in the figure is that the performance difference according to  values for UMi is much larger than that for UMa. Thus, determining a realistic value of  for further evaluations would be more important for the UMi case. 
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Figure 5.  Geometry results for different 
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values with ITU LOS probability: 
UMa (left figure) and UMi (right figure).
2.3. LOS/NLOS probability
In this section, we evaluated geometry performances for different LOS/NLOS probability to observe potential impacts from height-dependent LOS probability models.  For UMi case, the effect is expected to be not significant because the UMi scenario is assumed to have eNB transmitters below surrounding buildings, as shown in [6].

For evaluations, we compared the ITU model and the model suggested in [6] for UMa channel with applying the BP model 1.  In Figure 6, it is observed that these simulated results are not sensitive according to different LOS probability. However, it may be beneficial to investigate more realistic model for future works.  Also noted is that the trend of the results of other BP models are shown to be similar, although we omitted here the resulting figures. 
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Figure 6.  Geometry results of LOS/NLOS probability for UMa channel.
2.4. Electrical Tilting Angle
In this section, we have simulated to obtain the optimal electrical tilting angle 
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 for calibration purpose in UMa/UMi environment. Since the results from above evaluations with different height gain of NLOS pathloss function are shown to be sensitive to 
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 values, we adopted two 
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 values of 0.6 and 1.5 in the simulations.  Figures 7 and 8 showed UMa results, and Figures 9 and 10 showed UMi results. 
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Figure 7.  Geometry results in UMa channel for different electric tilting angles.
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Figure 8. SINRs for different electric tilting angles at 0.05, 0.25, 0.50, and 0.75 CDF.
In Figure 8, it is observed that the optimal electrical tilting angle is about 
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, unlike 
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 in CoMP simulation assumptions. This seems to be due to the UE height model in 3D-channel modeling. It can be interpreted that the optimal vertical beam direction of eNB transmit antennas becomes higher, in order to give more signal power to relatively high positioning UEs compared to 2D-UEs in CoMP simulations.
It is also shown in Figures 8 and 10 that optimal tilting angles for UMa and UMi are different to each other, compared with having the same tilting angles for both cases in CoMP simulations. This seems to be because UMi scenario is assumed to have eNB transmitters below surrounding buildings, and thus it is necessary for the optimal vertical beam direction of eNB transmit antennas for UMi is higher than that for UMa. However, it is necessary to simulate more exact optimal tilting angle after the remaining parameters related to pathloss and LOS probability are determined.
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Figure 9. Geometry results in UMi channel for different electric tilting angles
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Figure 10. SINRs for different electric tilting angles at 0.05, 0.25, 0.50, and 0.75 CDF.
3. Conclusion
In this contribution, we provided initial geometry results considering height-dependent path-loss, LOS/NLOS probability. Also, we investigated the optimal electrical tilting angle 
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 for both UMa and UMi for calibration.
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Annex A: Simulation assumptions
For evaluation results, we used the elevation parameters in WINNER+ project (Table 4-3, 4-4, 4-5 in [7]) regarding vertical angle of spread which is assumed to be Laplacian distribution. The parameters related to azimuth angle spread, delay spread, and shadow fading in ITU-UMi channel model are reused. For the pathloss model, we follow the agreement in RAN1#72bis except the remaining issues: effective environment height in LOS formula, height gain term in UMi NLOS formula and 
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value of UMa NLOS formula.  Detailed simulation assumptions are given in Table 2.
Table 2: Simulation assumptions
	
	
	Urban Micro cell 
with high UE density
	Urban Macro cell 
with high UE density

	Layout
	
	Hexagonal grid, 19 micro sites, 3 sectors per site
	Hexagonal grid, 19 macro sites, 3 sectors per site

	Channel model
	
	ITU UMi[8] and WINNER+[7]
	ITU UMa[8] and WINNER+[7]

	
	Pathloss model
	Agreement in RAN1#72bis except remaining issues
	Agreement in RAN1#72bis except remaining issues

	Antenna model
	Antenna element pattern (horizontal)
	Agreement in RAN1#72bis
	Agreement in RAN1#72bis

	
	Antenna element pattern (vertical)
	Agreement in RAN1#72bis
	Agreement in RAN1#72bis

	
	# of vertical antenna element
	10
	10

	
	Vertical antenna spacing
	0.5
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	0.5
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	Complex weight for vertical antenna element
	Agreement in RAN1#72bis with 
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	Agreement in RAN1#72bis with 
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	UE mobility

(movement

In horizontal plane)
	
	3kmph
	3kmph

	BS antenna height
	
	10m 
	25m 

	Min. UE-eNB 2D distance
	
	10m 
	35m

	UE height model
	general equation
	hUE=3(nfl – 1) + 1.5m
	hUE=3(nfl – 1) + 1.5m

	
	nfl for outdoor UEs
	1
	1

	
	nfl for indoor UEs
	WA in RAN1#72bis
	WA in RAN1#72bis 

	Indoor UE fraction
	
	80%
	80%

	UE distribution (in x-y plane)
	Outdoor UEs
	uniform in cell 
	uniform in cell 

	
	Indoor UEs
	uniform in cell
	uniform in cell 

	
	# of Users per sector
	10
	10

	ISD
	
	200m
	500m
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