
3GPP TSG RAN WG1 Meeting #73
               R1-131988
Fukuoka, Japan, 20th – 24th May 2013
Agenda item:
6.2.6.2
Source: 
Samsung
Title: 
Remaining details for PL for 3D channel modelling 
Document for:
Discussion and Decision

1 Introduction
In RAN1#72bis, the following was agreed for the PL for 3D channel modeling.

 Agreement:

· 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

This contribution discusses the following remaining details for the PL characterization for the 3D channel modeling:

· LOS/NLOS states and PL formula
· Height gain for UMa NLOS

· PLb for UMi NLOS

2 PL and Shadowing in ITU Channel Models
In ITU channel models, LOS/NLOS state of each UE is determined with probability 
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, where the LOS probability is dependent upon the UE-BS distance and the scenario, e.g., UMa, UMi, etc. 
Once LOS/NLOS state is determined, the large scale signal attenuation is mainly determined by PL and shadowing. PL characterizes signal attenuation owing to the UE-BS distance, and shadowing characterizes signal attenuation owing to environment between the BS and the UE. In other words, PL captures the “average” component along the path of the signal and shadowing captures “variance” component of signal attenuation. 

PLb for NLOS (dB) is a linear function with log of distance (m). For example, the slope of ITU UMi PL is 3.67 dB/ log10(d).
PLb for LOS (dB) is a piecewise linear function with log of distance (m), comprising two straight line sections. The first and the second line sections respectively have slopes of 2 and 4, and they intersect at the breakpoint (BP) distance of d'BP. The d'BP =(hBS – hE)·(hUT – hE) fc/c in ITU channel models corresponds to the distance at which the first Fresnel zone is disturbed when environmental height hE = 1.0 m, which characterises the average height of pedestrians and cars. 

Shadowing is captured by log-normal distributed random variable, with variance dependent upon the scenario, (i.e., UMa or UMi). 

3 LOS/NLOS States and PL Formula

This section investigates how to revise ITU methods of determining LOS/NLOS states and modelling PL when UEs are dropped on different floors. 

3.1 UMa 


[image: image4]
Figure 1 Illustration of UMa LOS

Figure 1 illustrates LOS scenarios for UMa when UEs are dropped in different floors. For UMa, base station (BS) height is higher than the surrounding buildings and hence LOS may happen even if there is another building between a BS and a UE. In UMa scenario, there are two types of buildings in which some UEs experience LOS. The buildings of a first type have LOS from the first floor (LOS type 1), and buildings of a second type have LOS from N-th floor (LOS type 2), where N reflects the height of the intermediate building. 
Following the traditional approach of capturing “average” effects in the PL formulation, it would be sufficient to consider a single value for N, reflecting typical environment height corresponding to LOS type 2. Although it would be natural to consider N = 6, as average number of floors is 6 in the current agreed scenarios of 3D UMa and UMi, N=6 cannot capture cases where a certain building has LOS from 5th floor because the intermediate building has 4 floors. In order to model these cases while not losing simplicity of the PL modeling, it is proposed to use N = 4, or environment height of hE = 12 m.
ITU UMa LOS probability, 
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, was derived considering the UEs on the ground floor only. If a UE on the ground floor in a building has LOS, then UEs on all the floors in the same building are likely to have LOS. Hence, the probability of LOS type 1 
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 is the same as 
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. On the other hand, as ITU channel models did not consider UEs on higher floors, it is proposed to further study probability of LOS type 2, 
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, which is the probability that a building has LOS from (N+1)th floor. 

The BP distance changes depending on the type of LOS. In case of LOS type 1, it is proposed to keep the environment height of hE =1.0 m as in ITU channel models. In case of LOS type 2, the environment height should be larger than 1.0m to reflect the reality that the first Fresnel zone is disturbed by the intermediate building, and can be simply modeled as hE = 12.0 m.
Finally, it is noted that it is necessary to revise the working assumption of 3D UMa NLOS PL, in order to reflect the revised 3D UMa LOS PL. 
The proposals in this subsection are summarized below:
Proposal 1: For 3D UMa, follow the following procedure for LOS/NLOS state determination and PL derivation for each UE.
· Determine LOS/NLOS state:

· Determine LOS type 1 of the building with probability 
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· If LOS type 1, then the UE is in type-1 LOS. 

· If the building is not LOS type 1, determine LOS type 2 with probability 
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 is FFS.

· If LOS type 2 and the UE floor number is ≤ 4 or if not LOS type 2, then the UE is in NLOS. 

· If LOS type 2 and the UE floor number is > 4, then the UE is in type-2 LOS. 
· Calculate the PL according to the LOS/NLOS state:

· If LOS, 
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· If NLOS, 
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3.2 UMi


[image: image14]
Figure 2 Illustration of UMi LOS

Figure 2 illustrates LOS scenarios for UMi in 3D channel modeling. For UMi, base station (BS) height is lower than average building height in the environment and hence it is not likely LOS happen if there is another building between a BS and a UE on a high floor in a building. Hence, it is proposed to reuse ITU channel modeling for UMi LOS.
Proposal 2: For 3D UMi, follow the following procedure for LOS/NLOS state determination and PL derivation for each UE.The LOS/NLOS state is determined with probability 
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· Calculate the PL according to the LOS/NLOS state:

· If LOS, 
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· If NLOS, 
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4 Height Gain for UMa NLOS

Height gain for UMa is well-studied in the literature (for example, [1-7]), and it refers to the phenomena that the NLOS PL decreases as UE height increases owing to the smaller diffraction angle. ITU UMa channel model captures the height gain with a log decrement term, while in RAN1#72bis, a working assumption was agreed to introduce height gain with a linear decrement term. Because the resultant NLOS PL taking the height gain into account should not be smaller than the LOS PL, it was also agreed in RAN1#72bis that the height-dependent NLOS PL is lower-bounded by the corresponding LOS PL. 
It is noted that for NLOS UEs, the usage LOS PL in place of NLOS PL should be limited in some exceptional occasions (e.g., when a UE is on the highest floor and the UE-BS distance is relatively short), because LOS/NLOS condition is separately determined by the LOS probability. In particular, if a UE is in NLOS condition, it does not seem to make sense to use the free-space propagation exponent of 2 for a large UE-BS distance. 
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Figure 3 3D UMa NLOS PL with different modeling methods of height gains

To provide insights on the different methods of capturing UMa NLOS height gain, Figure 3 shows 3D UMa NLOS PL curves on different floors when various methods are considered to capture the height gain. Depending on which method is used, for a given floor number, the distance up to which LOS PL is used instead of NLOS PL varies. 
· When either 
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, or when α = 0.6 is used with the working assumption from RAN1#72bis, for 8th floor UEs, LOS PL is used instead of NLOS PL only up to BS-UE distance of 40~50 m. 
· When larger height gain factors are used (e.g., α = 0.9, 1.1 or 1.5), for 8th floor UEs, LOS PL is used in place of NLOS PL up to BS-UE distance of 100m~500m.

Observation 1: Excessive height gain with large height gain factors (e.g., α = 0.9, 1.1 or 1.5) significantly distorts the NLOS PL values for higher floors:

· Free-space propagation exponent of 2 is used for NLOS UEs on the 8th floor up to BS-UE distance of 100m~500m.

· LOS PL is used for significant percentage of NLOS UEs on the higher floors. 

Having this observation, the following is proposed for 3D UMa NLOS PL:

Proposal 3: The height gain scale factor for the 3D UMa NLOS PL should be α = 0.6, and 
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5 PLb for UMi NLOS

In ITU UMi NLOS, the basic PL is characterized by: PLb = 36.7log10(d) + 22.7 + 26log10(fc), and it is observed that the PL formula is not height dependent. It is noted that the ITU UMi NLOS PL is based upon measurement in WINNER projects, and the PL characterises combined signal attenuation of rooftop diffraction path and the guided-urban-canyon path. Similarly to 3D UMa, the rooftop diffraction introduces height gain for UMi, and hence the 3D UMi NLOS PL can be similarly modelled as 3D UMa by introducing a linear height dependent term. 

Proposal 4: 
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, where α = 0.6.
6 Conclusions

This contribution has studied an extension of ITU PL characterization for the 3D channel modeling. The proposals of the contribution are summarized below:
Proposal 1: For 3D UMa, follow the following procedure for LOS/NLOS state determination and PL derivation for each UE.

· Determine LOS/NLOS state:

· Determine LOS type 1 of the building with probability 
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· If LOS type 1, then the UE is in type-1 LOS. 

· If the building is not LOS type 1, determine LOS type 2 with probability 
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· If LOS type 2 and the UE floor number is ≤ 4 or if not LOS type 2, then the UE is in NLOS. 

· If LOS type 2 and the UE floor number is > 4, then the UE is in type-2 LOS. 

· Calculate the PL according to the LOS/NLOS state:

· If LOS, 
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· If NLOS, 
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Proposal 2: For 3D UMi, follow the following procedure for LOS/NLOS state determination and PL derivation for each UE.

· The LOS/NLOS state is determined with probability 
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· Calculate the PL according to the LOS/NLOS state:

· If LOS, 
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· If NLOS, 
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Proposal 3: The height gain scale factor for the 3D UMa NLOS PL should be α = 0.6, and 
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Proposal 4: 
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