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1 Introduction
In RAN1#72bis meeting, the following working assumptions for path loss (PL) model were agreed 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 path loss modeling is according to:
·   
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·   PLtw = 20 dB

·  PLin = 0.5 din, where din = Uniform (0, min (25, d)).
PLb for LOS: Both for UMi/UMa, reuse the ITU LOS PL formula (with the new UE height)
PLb for NLOS is determined according to 
· 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 present our views on PLb for LOS, 3D UMa/UMi NLOS PL and 3D UMa/UMi LOS probability. 
2 PLb for LOS 
The current ITU-R based UMa/UMi LOS PL formula [1] shows that the PL is separated into two segments according to the break point (BP) distance. In section B.1.2.1 [1], the BP distance based on a 2-ray model assuming ground bounce is defined as following:

 d’BP  = 4 h’BS h’UE fc/c
where, fc is the centre frequency in Hz, c = 3.0(108 m/s is the propagation velocity in free space, h’BS and h’UE are the effective antenna heights at the BS and the UE respectively. The effective antenna heights h’BS and h’UE are calculated as follows: h’BS=hBS-he, h’UE=hUE-he, where hBS and hUE are the actual antenna height, and he is the effective environment height which is 1.0 m. 
Based on the email discussion, there are the following working assumptions made for the PL of LOS:

1. The ITU two-slope model can be reused by modifying only its BP distance. (The free space propagation formula up to the BP distance and the slopes need not be modified, and we keep the continuity at the breakpoint.)
2. Exclude the option that always keeps the effective environment height of 1m when applying the UE elevation, as the free space propagation distance tends to be extended too excessively (illustrated in Figure 1).

3. The BP distance should model the dependency of breakpoint on UE height. 
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Figure 1 Relationship between new UE height and BP distance
Hence, the issue of PL for LOS is how to model UE height dependent effective environment height. Based on the working assumptions and the existing relationship of UE height (1.5m) and effective environment height (1.0m), a simplified solution is that the effective environment height 
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 is a linear function of elevation UE height 
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, which can fall back to 1.0m when 
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is 1.5 m. 
Then, the issue is how to select the factor 
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which can guarantee the slow variation of BP distance with elevation UE height increase. As the effective environment height is not lower than 1.0m and should not be  larger than UE height, the value of 
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 should be restricted in [0, 1]. For simplicity, a set of values {0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0} can be considered for the selection of 
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. The relationship between the BP distance with the value of a in case of UMa is shown in Figure 2. 
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Figure 2: UMa BP distance with different factor 
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Regarding the PL for LOS, the ITU two-slope model is valid when the BP distance is smaller than 5000 m. From Figure 2 , it can be observed that the BP distance for UMa is less than 5000m when 
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= 0.4/0.5/ 0.6/ 0.7/ 0.8/ 0.9. Therefore, we recommend the value of factor 
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 for UMa is selected from {0.4, 0.5, 0.6, 0.7, 0.8, 0.9}. 
For UMi, the same effective environment height model can be reused. However, it may happen that the BS height (10m) is lower than the effective environment height. Thus, the UMi BP distance formula needs to be slightly modified to ensure the positive BP distance, i.e., 

[image: image15.wmf]'''''

BP

d4/,,,,(1.5)1.0

BSUEcBSBSeUEUEeeUE

hhfcwherehhhhhhhah

==-=-=-+


The modified UMi BP distance with different factor 
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 is shown in Figure 3. 
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Figure 3:  BP distance with different factor in UMi 
From  Figure 3, it can be observed that the UMi BP distance with 
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= 0.1/0.2/ 0.3 can fulfill the above design requirement. Therefore, the factor 
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for UMi is one of {0.1, 0.2, 0.3}. 
Proposal 1:  The UE height dependent BP distance is  
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where,  
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 and it is recommend that the value of a for UMa and UMi is selected from { 0,4, 0.5, 0.6, 0.7, 0.8, 0.9} and {0.1, 0.2, 0.3} respectively. 
3 3D UMi/UMa NLOS PL 
3.1 3D UMi NLOS PL 

For UMa NLOS PL model, in order to capture the path loss variation dependent on UE height, a linear height correction item 
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is added to the ITU UMa NLOS PL formula, where 
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 is selected from{0.6dB/m,0.9dB/m,1.1dB/m,1.5dB/m}.The UE height correction item is based on some literatures with measurement results [3]

 REF _Ref355354480 \n \h 
[4]. In these reference literatures, the measurement data is applicable to urban environment and BS height in a large range (UMi BS height is also included). Therefore, the similar linear height dependent correction item can also be used for UMi. 
However, in UMi, BS height is lower than the average UE height. The propagation environment in UMi scenario is different from UMa scenario, where BS height is larger than UE height. For example, in the measurement-based literatures [3]

 REF _Ref355354480 \n \h 
[4], the linear path loss variation is about 1 dB/m for low UE height [3] [4], and for high UE antenna height (e.g., a few meters below the rooftop level), path loss variation is between 2 dB/m and 4 dB/m [3].  Thus, different 
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can be considered for the case UE height being larger and lower than the average UE height respectively. 
Proposal 2:  An additional term is introduced to the ITU UMi NLOS PL to reflect a linear decrement of PL with hUT. Different 
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can be considered for the case UE height being larger and lower than the average UE height, respectively. 
3.2 3D UMa NLOS PL 

For UMa NLOS PL, the agreed working assumption was to add an item on the ITU UMa NLOS formula to reflect the effect of UE height, i.e., 
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where,  
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 is FFS, and to be chosen from 0.6 dB/m,  0.9 dB/m, 1.1 dB/m and 1.5 dB/m. 

It is noted that ITU UMa NLOS PL formula is applicable to the UE height being less than 10 m. Hence, the new UMa NLOS PL should match with ITU UMa NLOS PL as much as possible when 3D distance is used and the UE height is less than 10 m. The new UMa NLOS PL with different values of 
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and the ITU UMa NLOS PL are calculated and compared in Figure 4. It can be observed that the new UMa NLOS PL does not match with ITU UMa NLOS PL well when the UE height is less than 10m. Hence, it is proposed to use ITU UMa NLOS PL formula when the UE height is less than 10m and use the new ITU UMa NLOS PL formula when UE height is larger than 10m. 
Proposal 3: When UE height is less than 10m, ITU UMa NLOS PL formula is used; when UE height is larger than 10m, the new UMa NLOS PL is used.
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Figure 4  Comparison between ITU NLOS PL and new UMa NLOS PL 
4 3D UMi/UMa LOS probability

The propagation environment is different when the UE height is below or above the average building height because the obstacles for transmission are different. When the UE height is larger than the average building height, there will be less obstacles and the probability of LOS transmission from BS to UE will be increased. Hence, it is reasonable to assume that LOS probability is height dependent as well. 
Regarding the modeling of UE height dependent LOS probability, we can consider reusing ITU UMa/UMi LOS probability, and the 2D distance is replaced with 3D distance. For UMa, the LOS probability with 3D distance is shown in Figure 5. It can be observed that the LOS probability is increased when increasing UE height, which is consistent with the expectation. 
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Figure 5:  UMa LOS probability with 3D distance 
For UMi LOS probability, it may happen that the LOS probability is reduced when the UE height is larger than BS height, which is illustrated in Figure 6 (left). This does not align with the expectation. In order to avoid this unexpected descending, a simple correction is that the LOS probability when the UE height is larger than BS height is same as the LOS probability when UE height equals to BS height. The modified LOS probability for UMi LOS probability is:
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 means that the height to calculate 3D distance is the minimum value of BS (hBS) and UE (hUT) height. The UMi LOS probability is illustrated in Figure 6 (right). As the UMa BS height is always larger than the UE height, 
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. It means that the modified 3D UMi LOS probability formula is also applicable to UMa. Hence, a unified UMi/UMa LOS probability is: 
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Figure 6: Illustration of un-modified 3D UMi LOS probability and modified 3D UMi LOS probability
Proposal 4: 3D distance is used for UMi/UMa LOS probability calculation with a slight modification as 
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. It can be revisited when there are measurement results available.
5 Conclusion

In this contribution, we discussed the remaining issues for 3D UMi/UMa PL and LOS probability, there are the following proposals:
Proposal 1:  The UE height dependent BP distance is  
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 and it is recommend that the value of a for UMa and UMi is selected from { 0,4, 0.5, 0.6, 0.7, 0.8, 0.9} and {0.1, 0.2, 0.3} respectively. 
Proposal 2:  An additional term is introduced to the ITU UMi NLOS PL to reflect a linear decrement of PL with hUT. Different 
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can be considered for the case UE height being larger and lower than the average UE height, respectively.
Proposal 3: When UE height is less than 10m, ITU UMa NLOS PL formula is used; when UE height is larger than 10m, the new UMa NLOS PL is used.

Proposal 4: 3D distance is used for UMi/UMa LOS probability calculation with a slight modification as 
[image: image44.wmf](

)

min,

()

UTBS

LOSLOS

hh

PPd

=

. It can be revisited when there are measurement results available.
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