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1. Introduction

At the RAN1 #75 meeting and in the subsequent email discussion, there were intensive discussions on possible ideas for modeling a high-rise scenario [1, 2]. Several agreements were reached with respect to a detailed scenario and possible methodologies as follows.
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In this contribution, we discuss some of the remaining details regarding modeling methodologies for a high-rise scenario.
2. Remaining Issues
At the RAN1 #74 meeting, a high-rise scenario was agreed as a 2nd priority for 3D channel modeling, in which one high-rise building per sector is surrounded by many low-rise buildings. Figures 1(a) and 1(b) show the difference in propagation properties for the low-rise UEs, i.e., UEs up to the 8th floor and ground-level UEs on 3D-UMa, and high-rise UEs, i.e., UEs higher than the 8th floor, respectively. For high-rise UEs, dominant propagation paths comprise reflection and diffraction from other high-rise buildings, while for low-rise UEs, major paths come from rooftops and around buildings. Thus, it is clear that the channel model for high-rise UEs should be studied based on existing low-rise only scenario, i.e., 3D-UMa scenario. On the other hand, Fig. 2 shows the possible impact of a high-rise building on low-rise UEs. Propagation properties for low-rise UEs can suffer from high-rise buildings in terms of such as shadowing, horizontal diffraction and reflection. However, it is not clear whether a high-rise building exerts sufficient influence to affect statistically the propagation properties considering the size of the high-rise building compared to the cell size.
Proposal 1: Study on channel property for UEs higher than 8th floor is necessary.

Proposal 2: The 3D-UMa model is reused for UEs up to the 8th floor and ground level unless clear necessity is found.
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(a) Low-rise case (3D-UMa)                                                  (b) High-rise scenario

Figure 1. Propagation property for NLOS UEs
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Figure 2. Impact of high-rise building to low-rise UE

· LOS/NLOS state
· Alt. 1: Checking intersection of LOS direction with high-rise buildings (cylinders) combined with UMa LOS probability function (to see impact of low-rise layer).

· Alt. 2: Determined stochastically based on a LoS probability formula function of a UE’s height and distance.

Unlike low buildings, high-rise buildings are explicitly modelled and it is possible to geographically calculate the LOS/NLOS state for UEs higher than 8th floor. Alt. 1 is accurate in terms of LOS/NLOS state in physical meanings and it can automatically reflect spatial correlation. However Alt. 1 is a complex model in terms of the implementation of the system-level simulator and may cause calibration misalignment. More specifically, Alt. 1 newly requires geometric calculation to assess the existence of interfering high-rise buildings in horizontal and vertical domains for 56 possibilities, which are distributed in a wrap-around manner. On the other hand, Alt. 2 has good records for LOS/NLOS modelling and can be achieved simply by replacing LOS probability function, which is already adopted in current channel models including 3D-UMi and 3D-UMa. Therefore, Alt. 2 is preferred, unless a problem regarding the accuracy of Alt. 2 or the need for Alt. 1 is clearly shown.

Proposal 3: LOS/NLOS state is stochastically determined based on a LOS probability function of a UE’s height and distance (Alt. 2).

· NLOS pathloss

· Alt. 1: 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.
· Alt. 2: For UEs below 8 floors, reuse 3D UMa, Linearly increase with 0.04 for UEs above 8 floors.
For the 3D-UMa scenario, a height gain is introduced to reflect the difference in angles for rooftop diffraction. On the other hand, it is not clear whether the height gain is also necessary for the high-rise scenario, since rooftop diffraction at low-rise building does not occur for high-rise UEs. In fact, the results in [2] show a marginal height gain compared to that for low-rise UEs and the pathloss difference between UEs on the 9th and 30th floor is 2.52 dB with the height gain of 0.04 dB/m. Hence, it is necessary to study the height gain together with the principle/reason for using multiple sources of measurements and ray tracing.
Proposal 4: It is necessary to study the height gain together with the principle/reason for using multiple sources of measurements and ray tracing.

· ESD/ESA

· Alt. 1:

· 3D-high-rise-NLOS:
µ(5)=max[-1,-1.6(d2D/1000)+0.008|hBS-hUT|+0.57], σ=0.71

· 3D-high-rise-LOS:
µ(6)=max[-1,-1.35(d2D/1000)+0.008|hBS-hUT|+0.43], σ=0.38

Generally, it is feasible to start from a linear model for ESD/ESA as proposed in Alt. 1 due to time limitation, simplicity, and commonality to 3D-UMa. Detailed parameters have to be decided by multiple sources of measurements and/or ray tracing to validate the channel model. In addition, as proposed in [2], it is beneficial to study the angular spread in the horizontal domain, since the propagation properties are completely different compared to those for low-rise UEs. 
Proposal 5: ESD/ESA/ASD/ASA for UEs above the 8th floor are modeled using the following equation.

· µ=max[d,a(d2D/1000)+b|hBS-hUT|+c], σ=e, where a, b, c, d, e are FFS

· Shadowing

· Alt. 1: Reuse bad urban shadowing

As discussed based on Fig. 2, it is not clear whether a high-rise building is influential enough to affect statistic of propagation property for low-rise UE. In this sense, it is straightforward to reuse shadowing values from 3D-UMa for low-rise UEs. On the other hand, to the best knowledge of us, there is little sample on shadowing values for high-rise UEs and this can be FFS.
Proposal 6: Shadowing values for high-rise UEs are FFS.

· Environment height for UEs above 8th floor

· Alt. 1: hE=1 m with a probability equal to 1/(1+C(d2D, hUT)) and chosen from a discrete uniform distribution uniform(12,15,…, min(hUT,hBS)-1.5) otherwise. Note that C(d2D, hUT) might be the LoS probability function in the modified 3D UMa scenario.

The pathloss equation for the 3D-UMa LOS environment is based on a 2-path model which comprises direct and ground/rooftop reflection paths. The environmental height, hE, reflects the origin of 2nd path and determined for 3D-UMa as 1 m with a probability of 1/(1+C(d2D, hUT)) and chosen from a discrete uniform distribution between the heights of four-story and (nUE-1)-story building, otherwise, where nUE represents the floor number of the UE and C(d2D, hUT) is defined in [3]. For the high-rise scenario, it can be straightforwardly reused by modifying the upper limit value with min(hUT-1.5, 24), since the highest building for rooftop reflection is 24 m. Therefore, we support Alt. 1 with the modification above.
Proposal 7: Environment height for UEs above 8th floor is determined as follows.

hE=1 m with a probability equal to 1/(1+C(d2D, hUT)) and chosen from a discrete uniform distribution (12,15,…, min(hUT-1.5, 24), otherwise. Note that C(d2D, hUT) might be the LoS probability function for UMa cell with one high-rise per sector and 300m ISD.

· FSC-inspired high-rise

· Alt. 1: Yes, utilizing the dropped high-rise positions and modelling of excessive delays due to far scatterer clusters

· Alt. 2: No

A far scatter cluster (FSC) is investigated to model clusters that are relatively far from other dominant ones with the distance between eNB to FSC of 300-1500 m and longer than 500 m for [4] and [5], respectively. This scheme is studied to model environments with large water areas or skyscrapers and is applied to ISDs such as 1 km. This is somewhat different from the assumptions for the high-rise scenario in the 3GPP. In addition, [5] does not specify the model in detail and further investigation is necessary including the azimuth domain for extension to the high-rise scenario in the 3GPP. Thus, an FSC-inspired model should be considered if a need is determined based on measurement or ray tracing results.

Proposal 8: FSC-inspired model should be considered if a need is determined based on measurement or ray tracing results.
3. Conclusion
In this contribution, we discussed some of the remaining details for modeling methodologies for the high-rise scenario. Our proposals based on the discussion are given below.
Proposal 1: Study on channel property for UEs higher than 8th floor is necessary.

Proposal 2: The 3D-UMa model is reused for UEs up to the 8th floor and ground level unless clear necessity is found.
Proposal 3: LOS/NLOS state is stochastically determined based on a LOS probability function of a UE’s height and distance (Alt. 2).

Proposal 4: It is necessary to study the height gain together with the principle/reason for using multiple sources of measurements and ray tracing.

Proposal 5: ESD/ESA/ASD/ASA for UEs above the 8th floor are modeled using the following equation.

· µ=max[d,a(d2D/1000)+b|hBS-hUT|+c], σ=e, where a, b, c, d, e are FFS

Proposal 6: Shadowing values for high-rise UEs are FFS.
Proposal 7: Environment height for UEs above 8th floor is determined as follows.

hE=1 m with a probability equal to 1/(1+C(d2D, hUT)) and chosen from a discrete uniform distribution (12,15,…, min(hUT-1.5, 24), otherwise. Note that C(d2D, hUT) might be the LoS probability function for UMa cell with one high-rise per sector and 300m ISD.

Proposal 8: FSC-inspired model should be considered if a need is determined based on measurement or ray tracing results.
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Agreement:


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.  


Email discussion to study alternatives for each respective issue until 1/17/2014, targeting convergence of views – Hui (CMCC)
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