3GPP TSG RAN WG1 Meeting #76
 R1-140284
Prague, Czech Republic, 10th February -14th  February 2014
Source: 
ZTE

Title:
Discussion on channel model for high rise scenario 
Agenda Item:
7.2.7.5
Document for:
Discussion and Decision
1. Introduction
In RAN1#75, a way forward on further progressing high rise scenario [5] was discussed.  The following agreement was made:

· High-Rise buildings are modeled in system level evaluation:

· UEs in high-rises are dropped within 25m radius of the position of their respective high rise, elevation as already agreed

Some issues were discussed in email discussion [75-14].
In this contribution, we continue to discuss some of these detailed 3D channel modelling aspects including:
-  LOS probability 

-  Environment height hE for LOS 

-  Pathloss for NLOS
-  Far scatterer clusters (FSC) 
2. LOS for high rise scenario

2.1   LOS probability

In the email discussion [75-14]，two alternatives were discussed.

a) Alt. a: Checking intersection of LOS direction with high-rise buildings (cylinders) combined with UMa LOS probability function (to see impact of low-rise layer) 

b) Alt. b: Determined stochastically based on a LoS probability formula function of a UE’s height and distance 
It is more desirable to follow the previous practice from low rise scenarios and adopt Alt-b.   Although Alt-a is done only in initialization, it is pretty clear that it needs higher computation complexity than Alt-b if we do it accurately for Alt-a.  Stochastic method has the merits of covering more channel situations in one simulation drop.   To ensure having sufficient samples for Alt-a, more simulation drops are needed.  Since a lot of other channel parameters are based on the stochastic method, it is not reasonable to do it differently just for LOS probability.  It is also not quite reasonable to have two different ways of LOS probability generation methods in the same simulation since UEs in low rise buildings still use the stochastic method.   To be more consistent,  it is more appropriate to make changes to the agreed UMA LOS probability formula.   We can introduce the probability of being blocked by high rise building to the agreed LOS probability formula as described below.  
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Figure 1  NLOS situation of high rise scenario

  One way is to introduce a new height and distance dependent probability term PrBL(d,hUT) which represents the probability of being blocked by a high rise building.  The gain term is reduced due to the blocking. 
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Figure 2 LOS Probability of high rise scenario and low-rise only 3D UMA scenario

Simple ray tracing is done by considering a virtual city with low rise building (i.e. with 4-8 floors) and high rise building (i.e. with 20-30 floors).  The dimension of the buildings is 25x25m.  The inter-building distance for low-rise and high-rise is 45m and 150m respectively.  With this setup, we obtain the LOS probability of high rise scenario and compare it with low-rise only 3D UMA in figure 2.  It can be observed that curves for floor1-5 are overlapping with each other for high rise and low-rise only 3D UMA.  For floor 6-8, the LOS probability of high rise scenario is larger smaller than low-rise only scenario.   This is due to the blocking of high-rise building.  For floor 9-30, the LOS probability is significant higher than lower floors.
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Figure 3 LOS Probability of high rise scenario with fitted curves 

Curve fitting is done to match the ray tracing results as shown in figure 3.   The LOS probability is then changed to the following equation by introducing the term  PrBL(d,hUT):
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where  
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Proposal 1:  UMA 3D  LOS probability  should be revised to take into account of blocking due to high-rise buildings by introducing height and distance dependent probability term PrBL(d,hUT) which represents the probability of being blocked by a high rise building. 
2.2   Environment height for LOS  
For high rise scenario, the LOS situation should be similar to 3D-UMA scenario.  i.e. There are two types of reflection for the two-ray LOS model.  One comes from the ground.  Another comes from rooftop of a building.   The reflection from the rooftop can only come from the low-rise building since high rise buildings are always higher than the base station height.  The high rise building should not have much impact on this two-ray LOS model.  The same equation agreed in [3][1] can be re-used. i.e. 
Given an LOS event, probability to determine hE = 1m:
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With probability 1-P(d,hUT), environment height is a discrete uniform distribution between 12 to min(24, hUT -1.5)  with step size of 3m.   
Proposal 2:  Environment height is a discrete uniform distribution between 12 to min(24, hUT-1.5) with step size of 3m.
3. NLOS for high rise scenario
It was agreed that height gain α is introduced in the NLOS pathloss equation for both UMA and UMI as shown below: 
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Height gain of 3D-UMA NLOS PL is α = 0.6.  Height gain of 3D-UMI NLOS PL is α = 0.3.  

Here we consider cases which NLOS is caused by blocking of a high rise building.  
We can re-use the agreed NLOS pathloss formula with linear height gain considering different height gains α in different situation.  We can consider cases which NLOS is caused by blocking of a high rise building.   

- For outdoor UEs and indoor UEs on or below the 8th floor not blocked by a high rise building,  we can follow the NLOS pathloss in 3D-UMA scenario since it should have the same situation as 3D-UMA scenario with low-rise buildings only. Hence α = 0.6 can be used in this case. 

- For indoor UEs on or below the 8th floor blocked by a high rise building,  it can be seen as the situation similar to UMI.  Therefore, the height gain should be lower. e.g. α = 0.3  

-  For the UEs above the 8th floor,  it can only be blocked by a high rise building.  It is questionable whether height gain is still appropriate for the UEs on the higher floors.  According to the results in figure 4,  it doesn't seem to have height gain anymore above 8th floor for the NLOS pathloss.  In fact, a loss is observed as it goes up above around 12 floors.    
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It can be observed that the height gain depends on whether the propagation path is blocked by a high rise building.  A new height and distance dependent probability term PrBL(d,hUT) which represents the probability of being blocked by a high rise building can be introduced to select different height gain.   Another approach is to introduce another loss term based on this probability.

In summary, it is more preferable to re-use the agreed NLOS pathloss formula with linear height gain but with different height gains α determined by the UE height and probability of being blocked by a high rise building.
Proposal 3:   Height gain of NLOS pathloss should be revised to take into account of blocking due to high-rise buildings.  
4. FSC-inspired high rise modeling
Regarding whether FSC-inspired high rise modeling is introduced, it depends on whether the effect of far scatterer clusters is significant and happens in high probability in the scenarios we are considering.  According to figure 3, the LOS probability becomes very low beyond 500m in UMA high rise scenario.  It is reasonable to assume that in most of the cases the link from the building far away is blocked by obstacle which are essentially the buildings nearby the UEs.  Moreover, the interested carrier frequency range is mostly 2-3.5GHz.  It is hard to propagate in far distance with obstacles.  With these reasons, the power of FSC is hardly comparable to the near clusters.   Whether we need to consider different delay profile of the UMA channel can be further studied as the density of high rise building is more sparse.   However, it doesn't seem to be necessary to explicitly model FSC with the current interested scenarios. 
Observation:   Initial analysis doesn't seem to be necessary to explicitly model FSC.
5. Conclusion

In this contribution, we discuss the details of LOS and NLOS pathloss models for high-rise scenarios.  Based on our analysis, we have the following proposals:
Proposal 1:  UMA 3D  LOS probability  should be revised to take into account of blocking due to high-rise buildings by introducing height and distance dependent probability term PrBL(d,hUT) which represents the probability of being blocked by a high rise building.

Proposal 2:  Environment height is a discrete uniform distribution between 12 to min(24, hUT-1.5) with step size of 3m.
Proposal 3:   Height gain of NLOS pathloss should be revised to take into account of blocking due to high-rise buildings.  
Observation:   Initial analysis doesn't seem to be necessary to explicitly model FSC.
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