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1 Introduction

In RAN1#75 meeting, the following agreements have been achieved:
· Observation:

· Scenario description

· One high-rise per sector with 300m ISD

· It is important to model high rise UEs within buildings to ensure consistency with the proposed scenario

· Proposal: 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

· Note: clustered UE dropping is already performed in heterogeneous deployment scenario Config 4b as well as Small cell scenarios 1, 2a, 2b

· Slide 4 in R1-136015 provides examples of alternatives for the respective issues. Companies are encouraged to further study the alternatives on slide 4. Other alternatives are not precluded.  

The details of high rise scenario have been clearly defined now based on the agreements [1], but the modeling is still open and two alternatives for each modeling issue are provided for further discussion and down selection in [2]. In this contribution, the unsolved items where two alternatives have been given for each item are discussed. These items include:
· LOS probability
· NLOS pathloss
· FSC
2 LOS probability 

Two alternatives have been given in [2] as Table 1.
Table 1： Two alternatives for LOS condition
	FFS Item 
	Alternative 1 
	 Alternative 2 

	LoS condition 
	Checking intersection of LOS direction with high-rise buildings (cylinders) combined with UMa LOS probability function (to see impact of low-rise layer) 
	Determined stochastically based on a LoS probability formula function of a UE’s height and distance 


For Alt1, by intersection of LOS direction with high-rise buildings, the LOS status of UEs in high-rise buildings is determined after each high building dropping. The LOS status depends on the relative high building position. As the high rise building is sparse in each cell, there will be many different placements of high buildings which may result in different LOS status. Alt1 looks like it is a just stochastic experiment example. From the statistics perspective, in order to obtain an ergodic simulation results, much more simulation drops will be needed; otherwise, the results are not stable and it would be difficult to align the calibration results.  More drops will increase time consuming of simulation. In addition, the determination of LOS status is different from 3D UMa and 3D UMi, which will increase the implementation complexity of simulator. 
It was argued that this method can ensure the spatial correlation of LOS state, e.g., the UEs on the same floor have the same LOS state. It is noted that the spatial correlation has also been considered in alternative 2.  Take the LOS probability of 3D UMa as an example, the LOS probability is dependent on the distance between BS and UE and UE height. For the UEs on the same floor, they have the same BS-UE distance and UE height, which implies that the UEs on the same floor have the same LOS probability. The same LOS probability means a certain degree of spatial correlation is taken into account. Although there is the same LOS probability for the UEs on the same floor, finally the LOS state may be different which also reflects the reality. For one high building, it may occur that part of the building is blocked by another building and the remaining part has no intersection to BS. 

For Alt2, based on many UE and high building positions to obtain the different UE LOS state statistical information, and then a LOS probability formula function can be obtained for different UE distance and height. The LOS probability formula is used to determine a UE LOS state. This method is simpler as that of 3D-UMa and 3D UMi scenario, a lot of drops are not needed to obtain the stable results. 
Proposal 1: Alt2 is preferred for LOS condition modeling.
In our previous contribution [3], a LOS probability formula has been given. This formula is based on the ray tracing emulation results, where a real city of Shanghai electronic map was used. In the Shanghai electronic map, there are many buildings with the height between 8 floors and 20 floors. Because it is a real city model, it is not exactly same as the definition of high rise scenario, i.e., every site has only one high building with 300m ISD.  The results in [3] based on the real city can be used as a reference because it reflects some reality scenario.
For Alt2, to obtain more precise LOS probability function in the defined scenario, a virtual city model can be used in ray tracing to better model the scenario. Here, we use the virtual city where the high building are dropped exactly as defined in high rise scenario to check the LOS probability. 
The updated ray tracing LOS probability emulation results are given in Fig.1. From the results, it can be observed that the LOS probability is almost the same for different UE height.  There are the following reasons:

· For the UEs  are on the 9th to 20th floor of one high rise building, the blocking state will be the same because the high-rise building at least has 20 floors. 
· For UEs higher than 20 floors, although the obstacle building may be lower than 30 floors, the BS height is only 25 meters and the UEs behind the obstacle building almost cannot be seen by the BS. This phenomenon is explained in Fig. 2. 
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Fig.1. The ray tracing LOS probability results based on the virtual city model
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Fig.2. The blocking state for UEs within 20 to 30 floors
From the results, we get the LOS probability formula as:
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where, a = 1.362,  b = 63.
Proposal 2: for the UE height is above 8th floor, LOS probability is determined by 
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where, a = 1.362, b = 63.
3 Path loss
Table 2. Two alternatives for NLOS pathloss
	FFS Item 
	Alternative 1 
	 Alternative 2 

	NLoS pathloss 
	Path-loss formula depends on whether the UE is well-into low-rise layer (38log(d) distance dependence), well-into high-rise layer (20log(d) distance dependence and high-rise shadowing loss, possibly based on determination of blocking high-rises), or in-between 
	For UEs below 8 floors, reuse 3D UMa, Linearly increase with 0.04 for UEs above 8 floors 


In the previous contribution [3], we have given the NLOS pathloss model as (note: there was a typo for the gain factor 
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In the ray tracing, 3D electrical map of Shanghai is used, i.e., the ray tracing is based a real city model. In the map of Shanghai, the area similar to the definition of high rise scenario is selected for use, where there are some high buildings (e.g., 40 meters, 80 meters, etc.) and low buildings (e.g., 20 meters). As this is a practical scenario, the building distribution is not exactly same as the high rise scenario. The building distribution in the selected area is given in Fig.3, where the buildings marked with different color represents different building height. BS is set at a certain place and BS height is set to 25 meters. To be clear, one side elevation drawings of BS and buildings is illustrated in Fig.4, where x-axis is the distance from BS to UE (or building) and y-axis is the height of building. UEs are placed at the second high rise building and the propagation from BS to UE would be NLOS due to the blocking from the first high rise building.      
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Fig. 3: Ray tracing scenario and building distribution
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Fig. 4: Side elevation drawings of BS and buildings 
For Alt1, it was pointed out that the high-rise layer is 20log(d) distance dependence and low-rise layer is 38log(d) distance dependence. The explanation is that the reflection from the high building is about 20log(d) with some diffraction loss, and multi-screen diffraction is about 38log(d)[4].  This opinion of 20log(d) dependence may be right for the place where only some high-building located sparsely. Regarding the distance dependent path loss is 20log(d) or 38log(d), it would be helpful to have some ray tracing or field measurement result in this scenario. 
Proposal 3: For NLOS pathloss
· Linearly increase with 0.04 for UEs above 8 floors
· The distance dependence value is FFS and more ray tracing or field measurement results needed to determine the value.
4 FSC 

Table 3. Two alternatives for FSC

	FFS Item 
	Alternative 1 
	 Alternative 2 

	FSC-inspired high rise modeling


	Yes, utilizing the dropped high-rise positions and modelling of excessive delays due to far scatterer clusters 
	No 


The effect of high rise buildings includes:
· High buildings may introduce excess delay
· The excess delay path will have different path power
· ESD/ESA may be affected by the high rise buildings distribution
· The effect impact on serving cell and interference cell.
The impact of high rise building is modeled as FSC in TR25.996 [5]. Compared to FSC modeling in TR25.996, one difference for high rise scenario is that ISD is 300 m, which is less than 1000 m assumed in TR25.996. Then the far scatters would be in the area outside 150 m radius of serving cell. If the far scatter is close to the serving cell, the excess delay will be very small in case of 300 m ISD and it would be difficult to distinguish the far scatter clusters and primary clusters. On the other hand, when the far scatter is far away, the propagation from BS to far scatter and from far scatter to UE will have low probability to be LOS and the power of far scatter clusters may be low. This should be considered when discussing FSC in the high rise scenario. Hence, before deciding whether to model far scatter clusters in high rise scenario, we may need to first study the impact of far scatter clusters, e.g., how is the excess delay and the power of the far scatter clusters compared to the primary clusters in the high rise scenario. 
Proposal 4: The impact of far scatter clusters should be studied first and then decide whether to model FSC and how to model FSC if it is needed.

If there are not results to show the existence of excess delay paths with certain power, it is preferred to not model FSC for high rise scenario and reuse the modeling of 3D UMa and 3D UMi. In case the ray tracing or field measurement results show the need to model FSC, the following work needs to be done:
· High rise building dropping (has been agreed).
· To determine the N2 excess path like TR25.996 [4], this depends on the number of the high building to 
reflect the signal. 
· N1 which is the number of path without excess delay.
5 Conclusions
In this contribution, details of channel modelling for high rise scenario have been discussed. Based on the ray tracing results and discussion, there are the following proposals:
LOS probability:

· Proposal 1: Alt2 is preferred for LOS condition modeling.

· Proposal 2: for the UE height is above 8th floor, LOS probability is determined by 

·     
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where, a = 1.362, b = 63.

NLOS Path loss: 

Proposal 3: For NLOS pathloss

· Linearly increase with 0.04 for UEs above 8 floors
· The distance dependence value is FFS and more ray tracing or field measurement results are needed  to determine the value.
FSC:
Proposal 4: The impact of far scatter clusters should be studied first and then decide whether to model FSC and how to model FSC if it is needed.
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