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1. Introduction
In RAN1#75 the following agreement is made on 3D channel modeling for high-rise scenario.
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
Individual company’s inputs are captured in section 2, and summary of company’s views is included in section 3.
2. Issues in R1-136015 
Company inputs are invited on the issues in slide 4 of R1-136015. Alternatives for each respective issue are listed below, and please note that other alternatives are not precluded. 
1. How to determine LoS/NLoS state

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 
[CMCC] In general we prefer to adopt alt-b for issue 1. Alt. a is from R1-135768, and alt-b is basically reusing current UMa/UMi mechanisms. Comparisons of alt-a and alt-b are as follows:

1) There are two interpretations of alt-a. First interpretation is to calculate LoS/NLoS state for each high rise UE. In this case alt-a would cause more computation burden because we need to calculate intersection with all 57 high rise buildings to determine the LoS state of the link between one UE and one site, and there could be 57*15 high rise UEs in the network (assuming averagely 15 UEs in one high rise building) and 19 sites. This means 57*57*15*19 =  925965 intersection calculations.  This seems quite some computation burden. Second interpretation is to calculate LoS/NLoS state for each UE cluster (i.e., per high rise building). In this case all UEs in one building would have the same LoS/NLoS state, which is not realistic in our view because UEs in the same high rise building may have different LoS state due to different blocking state. And even for the alt. a with second interpretation, there is still quite some computation burden. With alt. b, the computation burden is similar with current UMa/UMi mechanisms and also allows different LoS/NLoS state for UEs in the same building. 
2) In our understanding alt-b reduces work load for future high rise scenario calibration because most UMa/UMi programs can be reused with a simple replacement of probability function. Adopting alt-a would need companies to implement new functions and risks a much longer calibration process. Therefore alt-b facilitate future calibration process in our understanding.

3) With alt-a, there is not any definition of LoS probability function, while with alt-b, there is. We note that LoS probability function is not only used for LoS state determination, it is also used in other steps of the channel modeling such as environment height calculation. This means LoS probability function would anyway be a necessary part of high rise scenario; then it would be more natural to use alt-b because LoS probability function is always there.

4) Alt-a calculate LoS state based on building position and alt-b calculate LoS state based on statistical probability function. At first glance alt-a would provide better accuracy than alt-b, however we note that alt-a is not perfectly accurate neither. For example alt-a is based on optical path while EM wave propagation could be different from optical path in our understanding. For another example, using alt-a means all UEs in one building share the same LoS state as we explained before, which is not realistic. In our understanding alt-a and alt-b would make similar performance evaluation results considering many UEs and buildings in SLS, therefore we do not really concern the accuracy of alt-b.
Overall we see alt-b has lower computation burden, facilitate future calibration process, and other steps of channel coefficient generation. Alt-a captures building positions in each realization, but the necessity of doing so is not extremely clear to us. Then overall we see alt-b is more preferable for issue 1. 
[Ericsson]: At least for UEs sufficiently high up in the high-rise, the interaction of propagating signals with other high-rises greatly affects the channel properties. We have already agreed to drop the positions of the high-rises. It is hence natural to exploit those positions to accurately determine LOS/NLOS state. In contrast to the stochastic approach, this would ensure that the LOS/NLOS is compatible with the dropped building positions and also that LOS/NLOS state has the right spatial correlation (so that e.g. two nearby UEs have a high likelihood of having the same LOS/NLOS state). Thus, Alt A is clearly preferred over Alt B which ignores the dropped building positions completely and wrongly assume LOS/NLOS state has no spatial correlation. 

The implementation of Alt A is simple. For each BS to UE link you check the intersection of a ray with a cylinder, which is a trivial exercise in solving a second degree equation. It is very clear that this does not introduce significant computational complexity since the LOS/NLOS determination  for each link can be precomputed and is then fixed for the entire duration of that link => insignificant complexity compared to the computation of 400 sub-rays and all the associated antenna diagram lookup needed in every TTI for the link. Thus complexity is a non-issue for Alt A. We could think about simplifying even further by assuming the same LOS/NLOS state for UEs in the same high-rise. Even though this is an approximation, it is likely much more accurate than assuming uncorrelated LOS/NLOS state among those high-rise UEs as in Alt B.
[ZTE] Our preference is 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.  We also share CMCC's view that it is more challenging to calibrate among companies if Alt-a is introduced.   The question is whether it is worth introducing this extra complexity and risk of calibration misalignment.  If the ray-tracing is done in a sufficiently accurate manner, Alt-a can possibly be more accurate to reflect the situation of the particular building setup in each simulation drop.  However, it may not reflect all the general cases.  Stochastic method has the merits of covering more channel situations in one simulation drop.  Since a lot of channel parameters are based on the stochastic method, it is not quite reasonable to do it differently just for LOS probability.   If the concern is on the correlation of the UEs in the same building, we can generate this LOS probability in per-floor or per-multi-floor manner rather than per-UE manner.   It probably doesn't make sense to generate it in per-building manner.   We can try to check it by ray tracing on the correlation.   Also, it is 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,  we find it more appropriate to make changes to the agreed UMA LOS probability formula.   e.g. We can introduce the probability of being blocked by high rise building to the agreed LOS probability formula as described in R1-135527.  
[Huawei/HiSilicon]
Regarding LOS probability for high rise scenario, our preference is to reuse the stochastic based method for 3D UMa/UMi, i.e., Alt.b. Although the high rise building is sparse and different from low rise buildings distribution in 3D UMa/UMi, the LOS probability formula can be obtained as well if sufficient examples of LOS probability in the ray tracing are provided. Once the LOS probability formula is obtained, the implementation of LOS determination would be same as 3D UMa/UMi and very simple in the simulator. For Alt.a, the LOS probability is completely dependent on the UE and high rise building dropping. Due to the random building and UE dropping in the simulation, a lot of drops of simulation would be needed; otherwise, the simulation results would be diverse.

[LG] Overall, we prefer Alt.b at this stage mainly due to its same level of complexity, consistency in modeling with 3D-UMa/UMi, and calibration effectiveness. Since there are already many new functions included in the current TR to accommodate vertical domain extensions, it may be desirable to have the modeling consistency based on 3D-UMa/UMi, unless there appear considerable performance differences between Alt.a and Alt.b.

In terms of the implementation complexity of Alt.a compared to Alt.b, note the additionally required calculations are not only related to azimuth-domain intersections, but also needed to check elevation-domain intersections, since a LOS/NLOS state also depends on other high-rise buildings’ heights which are randomly generated on [20,30].  Since UEs in the same high-rise can have different LOS/NLOS state in reality, the stochastic approach in Alt.b can still be regarded as a feasible and reasonable option considering the calibration process as well. On the other hand, Alt.a significantly depends on the locations of randomly dropped high rise buildings so that much more simulation drops are required to have calibrated results among companies.
[CATT] We share the similar opinion as LG, that modeling consistency with 3D-UMa/UMi is preference to keep same level of complexity and calibration effectiveness unless considerable performance differences may be observed. Therefore Alt. b is preferred.
[ALU] From our point of view, Alt b is better than Alt a considering current progress of 3D channel modeling. We share same concerns that have been raised by CMCC, ZTE, Huawei, LGE and CATT. In general, Alt a deciding LoS/NLoS state for each ray by ray-tracing and explicit building modeling is a composite method of stochastic modeling and deterministic modeling. It is too hard (or too time consuming) to debate whether such method can really perform better than stochastic modeling/determination of LoS and NLoS, without sufficient field measurement support. The impact of Alt a will be much fundamental for all parameters including fast fading parameters.   Besides, if we check the definition of LoS and NLoS based on mathematical equations/parameters (which will be eventually used for simulator and present an approximation of propagation environment), LoS means a Rician channel with a large value of K and NLoS means a Rayleigh channel with a negligible value of K. Therefore LoS and NLoS states are not based on optical propagation at all. In other words, NLoS from optical propagation view might follow Rician distribution and can be still classified as LoS state. 
[Qualcomm] Alt-b is slightly preferred because of its simplicity.  However, it is important to understand the impact of the spatial correlation mentioned by Ericsson.  If the impact is not negligible, the spatial correlation needs to be captured in the stochastic LOS probability model.
[Intel] We slightly prefer Alt-b for its simplicity and consistency with the already agreed model UMa/UMi. If we go for Alt-a, I guess we also need to consider making other parts of the modelling to be consistent, such as indoor distance. And the final impact on the system by modelling this part with much more complexity (maybe more realistic) is not very clear to us at this moment.
[NSN] We could try to choose between Alt-a and Alt-b but the main question seems to be whether we need to model spatial correlation for LOS probability or not. If we do, then how do we model the spatial correlation? Given that 40% of the UEs live in a single building in a macro-area it seems natural to study the significance of spatial correlation. This is also indicated by several other companies. Considering the lack of results or technical arguments (justifying that ignoring the spatial correlation is fine) – at this point a hard choice between the two alternatives does not seem to be well motivated. A possible proposal could be to use the LOS probability for 3D-UMa as a starting point and consider how to incorporate the effect of high-rise buildings. This effect could be modeled in a geometric way or in a stochastic way. This actually leads to a broader question as well that needs answering – do we need to model correlation in the elevation domain for other O-2-I parameters.
[Samsung] Our preference is Alt b, as many companies also indicated it is not clear the additional complexity caused by Alt a can make the modeling any better. On the other hand, we feel that the modeling of spatial correlation of LOS states in addition to Alt b could be a compromise between Alt a and Alt b. The spatial correlation modeling can capture the essence of what is happening due to introduction of explicit building dropping, in which UEs in close locations (e.g., in a same building) would have correlated LOS states. 
[HITACHI] Alt. b is preferred because it is consistent with previous modeling of 3D UMa/UMi LoS states. We agree however that modeling of the spatial correlation is also important and need to be taken into account, for UEs located in the same high rise building. Modeling of the dimensions of the high rise building where UEs are to be dropped is important to incorporate the spatial correlation and properly model the LoS state.  We agree with Qualcomm to find a way to incorporate the correlation in the LoS probability expression to be computed. 
[Fujitsu] We agree with NSN’s view that the LOS probability for 3D-UMa can be used as a starting point and how to incorporate the effect of high-rise buildings needs further consideration. For example, we need to consider how to modify the probability amendment factor C(d2D, hUT) to fit for high rise scenario . Besides, in the current UMa LOS probability formula, the LOS/NLOS state of each UE is determined independently. Since the explicit building dropping has been modeled, it is reasonable to consider the actual position of the UE and introduce spatial correlation for determining the LOS/NLOS state between two nearby UEs. The relationship of hUT and d2D between two nearby UEs can be considered as a criterion or variables in the LOS probability formula for the high rise scenario.
[Company input]

2. NLoS pathloss
a) Alt. a. 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 

b) Alt. b. For UEs below 8 floors, reuse 3D UMa, Linearly increase with 0.04 for UEs above 8 floors 
[CMCC] We slightly prefer alt-b for issue 2 but perhaps more investigations on this topic would be helpful. Alt. a is from R1-135768 and alt. b is from R1-135841. Both proposals have merits. Alt. b is based on ray tracing simulations, and alt. a is based on certain theoretical discussions. From our perspective alt. a and alt. b are not mutually exclusive. Instead, alt. a also implies better channel condition on higher floors, which implies certain equivalence with the linear height gain model in alt. b. At this stage we slightly prefer alt. b because it is a more complete proposal and is based on ray-tracing results, but more ray-tracing results such as PL w.r.t. height and distance would be helpful to determine if PL attenuation is different for UEs at higher floors. 

[Ericsson]: We agree with CMCC that further investigation on NLOS path loss are needed. It seems very risky to just assume that UMA  NLOS path loss can be re-used for high-rise UEs high up. While height dependence is interesting and should be discussed, we here also need to discuss the distance dependence. It is well-known that when few buildings obstruct the propagation path then the distance dependence should not be 38log(d) as in UMA, which stems from that the buildings interacting with the propagation have high spatial density. In fact large parts of the propagation path tends to have 20log(d) dependence as shown below. Thus, Alt A makes more sense. 

Note that it is very hard to conclude anything from the ray tracing results used to motivate Alt-B since nothing is said about how the ray tracer was implemented.
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[ZTE] 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.  The height gain again should be lower or it is questionable whether height gain is still appropriate for the UEs on the higher floors e.g. >20th floor. 

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, we prefer 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.
[Huawei/HiSilicon]
Regarding NLOS path loss model in high rise scenario, some ray tracing results was provided in our previous contribution (R1-135841). It seems that there is some concern on how the ray tracing is done. I would like to give some clarifications related to the ray tracing results. 

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 below (Figure 1), where the buildings marked with different color represents different building height. Base station (BS) is set at a certain place and BS height is set to 25 meters. Several side elevation drawings of BS and buildings are illustrated in Figure 2-5, where x-axis is the distance from BS to UE (or building) and y-axis is the height of building. Figure 2-5 represent that BS are deployed at different places. 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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Figure 1: Ray tracing scenario and building distribution
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Figure 2
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Figure 4
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Figure 5

For each scenario, UEs are placed at different floors of the second high rise building. Then the relative difference between the path loss of each floor being higher than 8 and the path loss of the 8th floor at a certain BS-UE distance is calculated. The ray tracing results are shown in Fig.2 of R1-135841. The fitted curve shows how the path loss is dependent on UE height and
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From the results, it can be observed that the NLOS path loss can be modeled being similar to 3D UMa, and therefore our preference is Alt.b. Regarding the distance dependent NLOS path loss, more study is needed and it would be helpful to have some ray tracing or measurement results to verify 20log(d), 38log(d) or some other values. 

[LG] We prefer Alt.b as the same approach of the linear height gain model but possibly with a different gain factor, unless a common observation is given from measurement or ray tracing results showing that such different pathloss exponents in Alt.a can be observed as a dominating factor in the high rise scenario.  In addition, it would be favorable to reuse 3D UMa for UEs below 8 floors without additionally checking the high rise blocking conditions, as long as there does not appear a considerable difference from using the same 3D UMa for all the low-rise cases.

[CATT] We slightly prefer Alt. b for simplicity but further investigation is suggested because Alt. a and Alt.b may have significantly different impact on UE in high-rise, thus it will have considerable impact on the performance of 3D-MIMO of high-rise scenario. 
[ALU] From our point of view, we prefer Alt. b and agree with that specific value of height gain can be FFS. We shall strive to a solution as simple as possible to mitigate effort of further calibration for the high-rise scenario. We don’t see problem of using height gain to approximate the reduction of blockage due to increased UE height in NLoS.  We also have an upper bound by using LoS equation so that in some situations NLoS equation will be same as LoS equation which can be Free Space due to a long break point. 
[Qualcomm] Thanks Huawei for sharing detail of their ray-tracing study.  Look at the figure above, we have some different observations.  As shown in the figure below, we connect the data points with the same 2D-distance.  Clearly, when the BS-UE 2D-distance is larger than 400m, the linear height gain model provides a good approximation.  However, when the UE is close to the BS, for example, say less than 350m, a non-linear height gain model seems to be more appropriate.  For the sake of simplicity, maybe we could use a two-slope piece-wise linear model.  The slopes could be determined by the 2D-distance while the break point may depend on both distance and height.  More ray-tracing results are needed to build a concrete model.
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more study is needed and it would be helpful to have some ray tracing or ‘measurement results to
verify 20log(d), 38log(d) or some other values.

[LG] We prefer Alt.b as the same approach of the linear height gain model but possibly witha
different gain factor, unless a common observation is given from measurement or ray tracing
results showing that such different pathloss exponents in Alt.a can be observed as a dominating
factor in the high rise scenario. In addition, it would be favorable to reuse 3D UMa for UEs below
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less than 350m, a non-linear height gain model is more appropriate.
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8 floors without additionally checkingthe high rise blocking conditions, as long as there does not
appear a considerable difference from using the same 3D UMa for all the low-rise cases.

[CATT] We slightly prefer Alt. b for simplicity but further investigation is suggested because Alt.
- aand Alt.b may have significantly different impact on UE in high-rise, thus it will have
considerable impact on the performance of 3D-MIMO of high-rise scenario.

[Qualcomm] Thanks Huawei for sharing detail of their ray-tracing study. Look at the figure above.

we have some different observations. As shown in the figure below. we connect the data points
with the same 2D-distance. Clearly. when the BS-UE 2D-distance is larger than 400m. the linear
height gain model providesa good approximation. However. when the UE is close to the BS. for
example, say less than 350m. a non-linear height gain model seems to be more appropriate.

3. Height dependent ESA/JESD
a) Alt.a.
i. 3D-high-rise-NLOS:
1. us=max[-1,-1.6(d:p/1000)+0.008|hgs-hyrl +0.57], 6=0.71
M ii.  3D-high-rise-LOS:
1. ue=max[-1,-1.35(d>p/1000)+0.008|hgs-hy|+0.43], 6=0.38
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[Intel] We share similar views as LGE/ALU and prefer Alt. b for its simplicity. Unless there is multiple source ray tracing or measurement results which can prove that the linear height gain model is not applicable to high rise scenario, it’s preferable to try optimizing the parameters of the model in the high rise scenario instead of introducing a new model.
[NSN] Thanks to Huawei for describing the ray-tracing results. The results here focus on the height-dependence which definitely provides a basis for discussion. It is clear that further results are needed to converge on a height-gain term and whether that term is distance dependent. If this is the case then the only thing that we can perhaps converge on is that UEs close to the ground can reuse 3D-UMa pathloss. Technically, the propagation method for UEs in 3D-UMa is predominantly multiple diffraction over rooftops that nicely leads to a distance dependent pathloss formula Once we depart from that and consider reflection/scattering/single diffractions which would be the propagation methods for high floors the modeling becomes challenging – it will be good to have more ray-tracing/measurement results to confirm pathloss equations for high floors.
[Samsung] As ALU mentioned, the pathloss of NLOS should be bounded above by that of LOS. In this case, even when Alt b is chosen, some higher floor UEs will experience the 20log(d) distance dependence regardless of Alt a or Alt b is chosen. Hence, the final results with both alternatives do not seem to be too much different, as long as the new height gain for high floor UEs is properly chosen. Our preference is to adopt Alt b, and further study the height gain for high floor UEs.

[HITACHI] We slightly prefer alt. b provided that further ray tracing results are provided to properly model the height gain term and its distance dependence. For the UEs in the low rises and the UEs below the 9th floor, the NLoS pathloss of the 3D UMa scenario can be reused. For the users above the 9th floor, the decrease of the pathloss as a function of the UE height and the 2D distance needs further investigation. 
[Fujitsu] We in principle prefer alt.b because of simplicity. The height gain of alt.b can be flexibly adjusted dependently or independently as height according to ray tracing results and the UEs below 9th floor can reuse the PL formula as previous conclusion. 
3. Height dependent ESA/ESD
a) Alt. a. 

i. 3D-high-rise-NLOS: 

1. µ(5)=max[-1,-1.6(d2D/1000)+0.008|hBS-hUT|+0.57], σ=0.71 

ii. 3D-high-rise-LOS: 

1. µ(6)=max[-1,-1.35(d2D/1000)+0.008|hBS-hUT|+0.43], σ=0.38 
[CMCC] We prefer to adopt the above ESD results for high rise scenario. The proposal is from our contribution R1-135637, which is an extension of ray-tracing results in R1-134813. It is found that such extension matches with our high rise channel measurement results in R1-135706. Therefore we feel comfortable to use such equation for high rise ESD. Of course more ray-tracing and measurement results for high rise would be welcome, and it is possible to make average between results like we did for UMa/UMi.
[Ericsson]: Note here that this not only concerns the height dependence, also the azimuth spread for high-rise UEs (that essentially see a sparse high-rise city) are likely to be widely different than when a UE is in an Urban Macro scenario (which sees a dense low-rise city). So in general we need to:

•
Investigate elevation and azimuth angular characteristics

For high-rise UEs sufficiently high up, the angular characteristics are determined by far scatterer clusters which may lead to multiple clusters. The spread within a cluster can be determined based on the distance to the far scatterer building and the width of the building.

Regarding the proposal in Alt A, which neglects the azimuth aspect, the formulas seem to be based on Urban Macro findings with only a minor verification that is limited to the LOS case with the node very close to the UE. We thus need more investigation of this issue.
[ALU] From our point of view, we agree with CMCC’s proposal in principle in terms of modeling ESD/ESA. Of cause parameters can be finer tuned later. On the other hand, we agree with Ericsson that ASD/ASA might be different for high-rise UEs who might have smaller ASD/ASA than the UE below BS. However one thing that we disagree (although subject to further discussion) is modeling ESD/ASD based on the distance of far scatter.  We already have UE height/distance dependent ESD which are sufficient for a stochastic modeling. We don’t see strong need to add additional dimension to have UE height/distance and cluster height/distance dependent ESD/ASD, where ESD/ASD already have a build-in concept of clustering. 
4. shadowing
a) alt. a reuse bad urban shadowing

[CMCC] From our perspective bad urban shadowing can be reused.
[Ericsson]: It doesn’t make sense to determine shadowing until all the other aspects of path loss are determined. This since the shadowing is supposed to include the modeling errors made in the path loss determination. That said, it seems clear that the sparseness of high rise buildings should affect the shadowing, including correlation distance.
5. Environment height for UEs above 8th floor 
a) Alt. a: hE=1m 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. 

[CMCC] For 3D UMa, maximum environment height is hUT-1.5. For high rise scenario, hUT can be very high such as 20 floors, but maximum environment height can not be higher than BS height. Therefore we propose to use min(hUT,hBS) to replace hUT in 3D UMa case.
[Ericsson]: It is probably rather unlikely that the rooftop reflection happens on a high-rise so maybe we can assume that the reflection either occurs on ground level or on the roof of a low-rise building
[ZTE]  From our view, reflection can happen even for the UEs in high rise buildings. So we  agree with the basic principle of Alta but "min(hUT,hBS)-1.5" can be changed to min(24, hUT -1.5)  to be more accurate.
[LG] Alt.a is supported, but with using min(24, hUT-1.5) as ZTE also mentioned, since the minimum is taken over a possible highest low rise building, not the BS height.
[CATT]  We agree with ZTE and LG with using min(24, hUT-1.5).
[Qualcomm] We also support Alt-a with the modification proposed by ZTE.
[NSN] It seems that Alt-a as written here assumes a specific solution to the LOS probability. In general, the key related issue is the LOS probability modeling – once we find a solution to that, we should able to address this issue easily. Perhaps we can converge on the same methodology of using a 2-ray model for LOS breakpoint determination.
[Samsung] In principle we support Alt a. For UEs above 8th floor, the upper limit proposed in ZTE’s equation can be further simplified into 24, rather than min(24,hUT-1.5).
[HITACHI] We also support alt. a with ZTE’s suggested modification.
[Fujitsu] We also agree with ZTE and support alt.a with the maximum environment height min(24, hUT -1.5).
6. FSC-inspired high rise modeling

a) Alt. a: Yes, utilizing the dropped high-rise positions and modelling of excessive delays due to far scatterer clusters 
b) Alt . b: No. (reuse 3D UMa fast fading generation)
[CMCC] For issue 6 we prefer alt. b at this stage.  Of course more measurement or ray-tracing results can be helpful to identify the delay profile in high rise scenario. 

FSC (far scatterer cluster) is defined in 25.996, but high rise scenario is very different from the scenario where FSC applies. 

The first condition of FSC is that there is some high building (or mountain) far from BS and UE, such as 1~2 kms away, and there is not obstacle on the path from BS to far scatter, and no obstacle on the path from UE to far scatterer. One example of such scenario is that the BS and UE are at one side of a lake, and the far scatter is at another side of the lake. High rise scenario does not meet such condition. If the high building is close to BS and UE (such as in high rise scenario 150 m away), the relevant delay would be similar with other path and there would be no excessive delay paths. The high buildings far from BS and UE (such as 2 kms away) are eventually blocked by the high buildings nearby.
The second condition of FSC is that the cell radius is large (such as 1000m ISD or more), so the distance between BS and UE is large. It should be noted that in 25.996, FSC applies to serving cell only. If the distance between BS and UE is large, then the signal strength directly from BS could be weak and comparable with signal strength reflected from high rise buildings. In such case FSC may apply. However in high rise scenario the ISD is 300m and the signal strength from far scatters such as several kilometers away are not likely comparable with the signal strength from BS, especially considering the relatively high carrier frequency for 3D MIMO (2.6 GHz or 3.5 GHz).
Based on the above discussion, we do not really see FSC should be applied to high rise scenario. It is certainly helpful if more measurement and/or ray-tracing results can be provided to check the delay profile of high rise scenario.

[Ericsson]: Alt A is preferred. As shown in KDDI’s contribution R1-135449 there is plenty of literature showing the importance of modeling far scatterer clusters and that they indeed occur in practice. We can therefore not just assume that FSC is not needed. Far scatter cluster modeling has been developed in several fora, including WINNER, 3GPP SCM and COST259 so it would be very strange to just ignore this fact for the sparse high-rise scenario we now consider. After all, the sparseness increases the likelihood of FSC. We should also not forget that such clusters also contribute to the angular spread and in fact modelling FSC could be an easy way of also modelling the azimuth spread. In contrast to 3GPP SCM we should select far scatter clusters among the known positions of the dropped high-rise buildings. This would allow us to properly get the right spatial correlation of far scatterer clusters instead of having independent drops of FSC for each UE. Such modelling can be made in a rather simple manner where each high-rise building is assigned a probability of being an FSC for a particular BS to UE link. Regarding excessive time delays we note that measurement results such as in 

[1] 
J.-E. Berg, J. Ruprecht, J. P. de Weck, A. Mattson, “Specular Reflections from High-Rise Buildings in 900 MHz Cellular Systems”, 41st IEEE Veh. Techn. Conf. VTC'91, May 1991.

show that time-delays can be a problem for high-rise scenarios
[Huawei/HiSilicon]
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. 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. As the high rise scenario has some difference with the existing scenario with FSC, our view is that 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.

[CATT]  We support Alt. b. On one hand, high rise scenario is very different from the existing scenario with FSC as analyzed by CMCC, and more effort is needed to model excessive delays in high-rise scenario. On the other hand, the impact of far scatter clusters on 3D-MIMO performance with agreed scenario could be insignificant. 
[ALU] We prefer Alt b at the moment because of high frequency band like 2~3.5GHz.  Unless there is field measurement data at high frequency which can clearly suggest that excess delay/power of FSC is seriously different from others and we also understand how those excess delays will impact system performance.  Even we have to consider FSC, we don’t think that tuning power delay profile of FSC has to be linked with explicit building modeling and can be simplified with a certain statistical method whose details will be FFS. The first step, as Huawei point out, is to determine whether we are going to model FSC based on field measurement at 2~3.5GHz. It is very easy to argue one scenario is different with other scenario.  In reality every sector is unique in terms of propagation channel modeling.  We only need to capture major or averaged characteristics in channel modeling by which we strongly believe that system performance and design will be impacted or different.
[Qualcomm] In the high-rise scenario, the high-rise buildings in neighboring cells may introduce FSC in the fast fading.  We agree with Huawei’s view that we need to first study the excess delay and the power of the FSC contributed by high-rise buildings.  In order to do so, we need to first model the LOS probability and path loss.

3. Summary
1. How to determine LoS/NLoS state

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
[Summary of company’s views]
· Alt. a: Ericsson
· Alt. b: CMCC, ZTE, Huawei/HiSilicon, LG, CATT, ALU, Intel, Qualcomm, Samsung, Hitachi, Fujitsu
· consider to introduce spatial correlation of LoS states: ZTE, Qualcomm, Samsung, Hitachi, Fujitsu
· Neutral: NSN (propose to study if and how to introduce spatial correlation of LoS states)
2. NLoS pathloss

c) Alt. a. 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 

d) Alt. b. For UEs below 8 floors, reuse 3D UMa, Linearly increase with 0.04 for UEs above 8 floors 
[Summary of company’s views]

· Alt. a: Ericsson
· Alt. b (linear height gain with fine tuning parameters): CMCC, ZTE, Huawei/HiSilicon, LG, CATT, ALU, Intel, Qualcomm (piece-wise model), Samsung, Hitachi, Fujitsu
· Further study: NSN
3. Height dependent ESA/ESD

e) Alt. a. 

i. 3D-high-rise-NLOS: 

1. µ(5)=max[-1,-1.6(d2D/1000)+0.008|hBS-hUT|+0.57], σ=0.71 

ii. 3D-high-rise-LOS: 

1. µ(6)=max[-1,-1.35(d2D/1000)+0.008|hBS-hUT|+0.43], σ=0.38 
[Summary of company’s views]
· CMCC supports alt. a.
· ALU is in principle ok with alt. a with fine tuning parameters
· Ericsson think more ESD results are necessary
An additional point on ASD/ASA for high rise UEs is raised, which may be discussed together with issue 6.
4. Shadowing
a) alt. a reuse bad urban shadowing

[Summary of company’s views]
· CMCC supports alt.a
· Ericsson thinks shadowing should be studied after PL equations are decided, and also the correlation distance should be studied.
5. Environment height for UEs above 8th floor 
f) Alt. a: hE=1m 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. 

[Summary of company’s views]
· Alt. a (replace min(hUT,hBS)-1.5 by min(24, hUT-1.5)): CMCC, ZTE, LG, CATT, Qualcomm, Samsung( further simplify to 24 for UEs above 8th floor), HITACHI, Fujitsu, NSN
· Ericsson supports the principle that reflection occurs on either ground level or on the roof of a low-rise building
· NSN prefers to take the decision of LoS state determination into account, at this stage may converge on the same methodology of using 2-ray model for LoS BP determination
6. FSC-inspired high rise modeling

g) Alt. a: Yes, utilizing the dropped high-rise positions and modelling of excessive delays due to far scatterer clusters 
h) Alt . b: No. (reuse 3D UMa fast fading generation)

[Summary of company’s views]
· Alt. a: Ericsson
· Alt. b: CMCC, CATT, ALU
· To identify the need of FSC, it is necessary to study how is the excess delay and the power of the remote high rise buildings compared to the primary clusters: Huawei/HiSilicon, Qualcomm, ALU
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