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1 Introduction
In RAN1#73 meeting, the following remaining issues related to  path loss (PL), LOS probability and effective environment height were left for further study. 
· 3D UMa PL
· Height gain α = [0.6] [0.9].
· 3D UMi PL
· Alt 1:
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·  FFS height gain α 

· Alt2:

· Decrement of PL is a non-linear function of height and/or distance

· Alt3:     Proposal as in [2].

·  3D UMa effective environment height
· A LOS UE’s environment height is 1m with probability p(d, hUT)

· Otherwise the environment height is hE(hUT).

· Details of p(d, hUT) and hE(hUT) FFS, e.g. if hE(hUT)  is a deterministic or stocastic function
·  3D UMa LOS probability
·   LOS probability for 3D UMa is a function of d and hUT. 

· Details FFS.

In this contribution, the related ray tracing simulations are performed and we give the proposal for each open issue based on the simulation results and discussion. 

2 3D UMi/UMa NLOS PL 

2.1 3D UMa NLOS PL 

For 3D UMa NLOS PL, the agreement is to add a linear height correction term in the ITU UMa NLOS formula reflecting the effect of UE height, i.e., 


[image: image2.wmf](

)

(

)

(

)

,,1.51.5

UMaNLOSUTITUUMaNLOSUTUT

PLdhPLdhh

a

---

==--

                          (1)
where, the value of 
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has two options for selection, which are 0.6 dB/m and 0.9 dB/m. 
Ray tracing based simulation is used to help the selection of
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, in which the 3D electrical map of Shanghai is used. First, the scenarios comprising many buildings with 4-8 floors in the map are selected as a cell for simulation. Second, in each of the selected scenarios, BS height is set to be 25m and UEs are placed at different floors of different buildings, which are similar to the assumptions of 3D UMa. Then, the PL at different UE locations is provided. As we need to decide how the PL varies over different floors, the PL variation over UE height at a number of buildings (i.e., with different distances between BS and UE) is shown in Fig. 1 and Fig. 2. 
In Fig. 1, X-axis represents the floor number and Y-axis represents the difference between the PL of different floor and the first floor. The green and blue curve represents the PL difference over different floors corresponding to 
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respectively. The dispersed points with different color represent the ray tracing results of BS-UE distance from 50 to 500m.   
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Fig. 1  UMa NLOS PL variation over UE height at different BS-UE distance
In order to clearly indicate the PL variation over UE height at each BS-UE distance, the ray tracing results of BS-UE distance being 250 m and 350 m are illustrated in Fig. 2. 
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         Fig. 2  UMa NLOS PL variation over UE height (BS-UE distance=250 m, 350 m)
From Fig. 1 and Fig. 2 , it can be observed that 3D UMa height gain term 
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= 0.6 dB/m matches the ray tracing results well. When the BS-UE distance is 250m and 350m, the ray tracing results show the PL of high floor UEs (i.e., the 7th or 8th floor) has a big drop. The reason is that there is LOS transmission for the high floor UEs and the PL is reduced significantly. Based on the ray tracing results, there is the proposal: 
Proposal 1: For 3D UMa NLOS PL,
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2.2 3D UMi NLOS PL 

In 3D UMi scenario, BS height is lower than the average UE height. The propagation environment in 3D UMi is different from 3D UMa, where BS height is larger than UE height.  Three alternatives for 3D UMi NLOS PL mentioned in section 1 are proposed at last meeting.
To simulate the 3D UMi scenario, in Shanghai’s 3D electrical map, some scenarios comprising many buildings with 4-8 floors are selected to model a 3D UMi cell. The corresponding surrounding environment height in the selected scenarios is less than 18 m (i.e. average UE height is 6 floors). For each selected scenario or a 3D UMi cell, BS height is set to be 10 m and UEs are placed at different floors of a number of buildings. The located buildings have different distance with BS. In the simulation, the value of PL at each UE position is provided by the software and these PL results are collected.
The ray tracing results of 3D UMi are shown in Fig. 3 and Fig.4, which correspond to the BS-UE distance being larger and less than a certain distance dNLOS_threshold respectively. In Fig. 3, the PL variation over UE height (i.e., floor) at different BS-UE distance is illustrated, and it has the same trend as 3D UMa, i.e., the PL variation is almost linear to UE height. In Fig. 4, the results show that the PL variation over UE height when the BS-UE distance is less than dNLOS_threshold. It can be observed that 3D UMi PL decreases with UE height increment when UE height is less than BS height, and 3D UMi PL increases with UE height increment when UE height is larger than BS height. The PL is approximately symmetric around the BS height. Regarding the observation from the ray tracing results, there is the explanation below.            
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Fig. 3 3D UMi PL variation with UE height                     Fig. 4 3D UMi PL variation with UE height

when the distance is more than dNLOS_threshold                         when the distance is less than dNLOS_threshold
When the BS-UE distance is larger, there would be high probability to have buildings being higher than BS between BS and UE. Thus, the dominant received power for the UEs may come from the diffraction edge of the higher buildings as shown in Fig. 5. In this case, the transmission from the diffraction edge to the UEs located at different floors is similar to 3D UMa, which may be the reason that the PL variation over UE height is also linear.  
Based on the ray tracing results in Fig. 3, when the distance from BS to UE is larger than dNLOS_threshold the 3D UMi PL can be modeled as Alt 1 with a linear term related to BS-UE distance:
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Fig. 5  UMi propagation illustration with higher obstacle 
When there is no higher obstacle between BS and UE, the propagation from BS to the UEs below the BS height is similar to 3D UMa. Thus, the PL variation is linear to UE height when UE height is lower than BS. For the UEs being higher than BS, it can be regarded as a kind of UMa propagation based on channel reciprocity, where BS is assumed to locate at higher floors. The difference with 3D UMa is that the relative height between BS and UE increases with UE height increment in this case. Hence, the PL would increase when increasing UE height. That is the reason why the PL is symmetric around BS height as observed in Fig. 4. An illustration for 3D UMi propagation in this case can be found in Fig. 6. The PL in this case can also be modeled as Alt 1 with a linear term related to BS-UE distance and UE height:     
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where,
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Fig. 6  UMi propagation illustration without the higher obstacle
Based on our ray tracing results, the dNLOS_threshold can be set to be 100 m. 
From the above simulation results and discussion, it can be found that Alt 1 with a linear term is most appropriate among the three alternatives and this linear term is related to BS-UE distance and UE height. 
The detailed proposal for 3D UMi NLOS PL is as following.
Proposal 2: For 3D UMi NLOS PL, when BS-UE distance is larger than dNLOS_threshold
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Otherwise;  
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where, 
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dNLOS_threshold is suggested to be 100 m.

3 3D UMa effective environment height hE(hUT)
Based on the previous discussions, in 3D UMa scenario, the effective environment height needs to be extended for UEs located at higher floors. The current effective environment height in TR 36.814 is only applicable to UE height at 1.5 m and a 2-Ray model is used to determine the effective environment height. As there are many buildings with different height in 3D UMa, the reflection in the 2-Ray propagation model will be from different buildings instead of ground for UEs located at higher floors. Hence, the effective environment height is related to UE height. 
The minimum building height is 12m, and therefore 2-Ray propagation route is still mainly from ground for UEs being lower than 12m. In this case, the effective environment height is 1m. For UEs located at larger than 4 floors, the reflection will be mainly from some other buildings. As the building height is uniformly distributed between [4-8] floors or [12-24] meters and the effective environment height should be less than UE height, the effective environment height can be modeled as uniformly distributed between
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Proposal 3: 3D UMa effective environment height is


[image: image27.wmf]1.0,     012

()

(12.0,)   12

UT

EUT

UTUT

h

hh

uniformhh

<<

ì

=

í

³

î


4 3D UMa LOS probability

For 3D UMa, the current agreement is that 3D LOS probability is a function of d and hUT. In order to obtain the relationship between LOS probability and d and hUT, a pure geometric based LOS/NLOS state for each UE is determined by the ray tracing based technique. In other words, if there is no obstacle between BS and UEs, a LOS state is assumed. An example is illustrated in Fig. 7. 
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Fig. 7 : Illustration of LOS state (green line is LOS propagation) 
A lot of LOS states from BS to UE in Shanghai and Xi’an’s electrical map are determined and the LOS probability based on the ray tracing results is shown in Fig. 8. Each point marked with different color indicates how LOS probability varies over the BS-UE distance for a certain UE height.
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Fig. 8 Ray tracing results of UMa LOS probability 

Similar to 3D PL model, the 3D UMa LOS probability with UE height 1.5 m should be same as the current ITU 2D UMa LOS probability, therefore the ITU UMa LOS probability with UE height 1.5 m 
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 can be a basic item and an additional height compensation parameter 
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is added. Based on the ray tracing results, curve fitting technique is used to search the function of 
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The results of curve fitting are also shown in Fig. 8, which shows a good match with the ray tracing results. 
Proposal 4: 3D UMa LOS probability as a function of d and hUT is 
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5 Conclusion

In this contribution, the remaining issues related to 3D UMi/UMa PL and LOS probability are discussed, there are the following proposals: 
 Proposal 1: For 3D UMa NLOS PL,
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Proposal 2: For 3D UMi NLOS PL, when BS-UE distance is larger than dNLOS_threshold
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Otherwise;  
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where,  
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dNLOS_threshold is suggested to be 100 m.

Proposal 3: 3D UMa effective environment height is:
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Proposal 4: 3D UMa LoS probability as a function of d and hUT is 
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