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1. Introduction

In RAN1#72bis meeting, the following working assumption on height dependent 3D pathloss modeling was made, except the bullets on PLb for LOS and 3D UMi PL:

· For NLOS/LOS UMa/UMi PL calculations, the 2D distance shall be replaced with 3D distance.
· For outdoor UEs, reuse ITU UMi LOS/NLOS and ITU UMa LOS/NLOS PL equations at hUT = 1.5 m in 36.814.
· For indoor UEs,

· UMa/UMi O-I pathloss modeling is according to:

· 
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· PLtw = 20 dB

· PLin = 0.5 din, where din = Uniform(0, min(25, d)).
· PLb is determined according to the next slide.
· PLb for LOS

· Both for UMi/UMa, reuse the ITU LOS PLformula  (with the new UE height)

· PLb for NLOS- the baseline understanding is that the following formula is considering collectively all paths seen by the UE.  Meanwhile, the application of this formula separately to the above-rooftop paths can be further investigated.

· 3D UMa PL is determined according to:
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Where

· 
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· α is FFS, and to be chosen from 0.6, 0.9, 1.1 and 1.5 

· 3D UMi PL 

· Study introduction of additional term to the ITU UMi NLOS PL, capturing a linear decrement of PL with hUT.

· Study impact of the clutter height

It was also concluded that there should be email discussion [72bis-19] after the meeting in order to resolve the above mentioned two issues.  This contribution summarizes results from the email discussion and suggests further discussion topics identified during the email discussion.
2. Agreements on PLb for LOS and 3D UMi PL

The associated WF [1] proposed “Both for UMi/UMa, reuse the ITU LOS PL formula (with the new UE height)”, but there was some concern about the assumption of average clutter height (or, effective environment height in M.2135) during the 3D session. Depending on the assumption of clutters, the height-dependent pathloss formula may result in too optimistic (or pessimistic) a breakpoint distance. Therefore, it was needed to discuss how to modify the ITU LOS PL formula to reflect UE elevation and the reasonable clutter height. There have been intensive discussions on that point, and the three modeling principles on PLb for LOS as follows are agreed:

· The ITU two-slope model can be reused by modifying only its breakpoint distance. (The free space propagation formula up to the breakpoint distance and the slopes need not be modified, and we keep the continuity at the breakpoint.)

· The breakpoint distance d’BP should model the dependency of breakpoint on UE height.

· Exclude the option that always keeps the effective environment height of 1m when applying the UE elevation, as the free space propagation distance tends to be extended too excessively.
Regarding 3D UMi NLOS, the following principle is agreed, and complete proposals are solicited for RAN1 #73.

· Study modifications to ITU UMi NLOS PL capturing a decrement of PL with hUT.
3. Further discussion topics
During the email discussion, a few further discussion topics on PLb for LOS have been identified, which include:

· Whether to introduce multi-type environment heights (with conditional probabilities) or apply a single-type average environment height: Formula or procedures required
· Whether to take a unified approach for UMa and UMi or not in deriving an environment height
· Whether to apply a 3D or 2D distance in deriving a breakpoint
These further issues need to be discussed and clarified in RAN1#73.
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Annex A: Detailed company Inputs
Company inputs were invited on the following points for PLb for LOS and 3D UMi PL:
· PLb for LOS
NNSN: To further clarify, our understanding is that the ITU UMa/UMi LoS PL formula seemed to be acceptable for distances below the breakpoint distance. The issue raised was how to modify the breakpoint distance for indoor UEs at higher floors. At this point our study is limited, we understand that the breakpoint distance formula (in 36.814) is based on a 2-ray model for ground bounce and has been studied well for low UE heights (<3m). Assuming that this model is also valid for higher floors, the effective environment height of 1m as in 36.814 may not be valid for high floors. Pending further study on this aspect, we will be fine to consider a fixed breakpoint distance for all UEs e.g. d’BP @ hUT = 1.5m – at least in the UMa case so that companies could move forward with simulations.     

[Ericsson]: We agree that the LOS formula for UEs above ground level needs further study and that it represent an important area that may greatly affect the channel properties. How to change the formula to make it applicable to higher UE heights when the breakpoint distance is due to bounces on rooftop level instead of due to a ground bounce is not entirely clear at the moment. The breakpoint distance seems to depend on whether the LOS condition is due to that the LOS is around buildings or because the LOS is above buildings. In the former case of around buildings, a ground bounce makes sense, while in the latter case of LOS above buildings, then bounces on rooftop level are more appropriate. Thus, a LOS breakpoint distance with effective environment height conditioned on the type of LOS situation may offer a reasonable model. It seems this whole question is then also tied to how we model LOS/NLOS probability. We are afraid that the approach of always using an effective environment height of 1 m may grossly exaggerate the break point distance for higher UE heights. 

[LG]:  Since UE height dependent path-loss needs to be properly modeled based on the conclusion in #72bis meeting, it seems not appropriate just fixing the breakpoint distance for all UEs to a certain value, e,g., such that it always corresponds to UE height of 1.5m.  Instead of using such a fixed breakpoint distance, there can be a simple option to apply the same ratio of h_UT=1.5m and the effective environment height=1.0m given in 36.814, as a better alternative.  This ratio of 2/3 can be simply applied to the UE height as well as to the BS height, and we take the minimum of them.  It is summarized as an equation for the effective environment height = min((2/3)*h_BS, (2/3)*h_UE), which will reflect a height-dependent path-loss.  Although Ericsson’s comments on UE-specific different bounces (e.g., ground bounce, rooftop bounce,...) are more realistic, we note that the current effective environment height of 1.0m in 36.814 is an averaged value, and similarly the suggested approach can also reflect UE height difference in an averaged sense for the simplicity of modeling the height dependency.  Regarding LOS probability, we agree with Ericsson that height dependent LOS probability is also a critical parameter to be determined together. 

[Samsung] In 36.814 channel models, only ground floor UEs are considered and hence it was sufficient to consider only pedestrians and cars to determine LOS breakpoint distance. The effective BS and UE heights were derived by subtracting environment (i.e., pedestrians and cars) height of 1.0 meter, and they were used for determining the LOS breakpoint distance. Now for 3D channel modeling, because UEs on the different floors are considered, it is of a valid question whether or not we can just take only pedestrians and cars into account. The situations seem to be different for UMi and UMa. In case of UMi, it does not seem to be quite likely that a UE on the higher floor is LOS and at the same time there is lower building (at least 4-story building, i.e., 12 meter high) between the serving BS (at 10 meters) at and the UE. Hence, we can maintain the current environmental height of 1.0 meter and actual UE height to derive the breakpoint distance for UMi. In case of UMa, there could be two different types of LOS; (type 1) LOS as in 36.814, where a building has LOS from the ground floor; and (type 2) a new LOS condition, where a building has LOS from a N-th floor, where e.g., N > 4 when lowest building has four floors. If LOS is type 1, then we can maintain the current environmental height of 1.0 meter to derive the BP distance. If LOS is type 2, then we can increase environmental height to capture buildings between the UE and the serving BS to derive the BP distance. One example way to do this is to set the environmental height 1.5 meter lower than the UE height. Whether or not the new LOS BP distance for UMa gives significantly different PL would be dependent upon the probability of LOS type 2. If it does not significantly change the PL, then we can maintain the environmental height of 1.0 meter regardless of the UE height; otherwise, we can explicitly take the probability of LOS type 2 into account, and consider a simple formula to capture height dependent environmental height, e.g., 1.0 meter if UE is type 1 LOS; (h_UE - 1.5) meter if UE is type 2 LOS.  
Our proposal is summarized as in the following: 

· For UMi, maintain the environmental height of 1.0 meter to derive the BP distance. 

· For UMa, maintain the environmental height of 1.0 meter if the UE is type 1 LOS; set the environmental height of (h_UE -1.5) meter if the UE is type 2 LOS. FFS on the type 2 LOS probability.   
[ALU/ASB] Regarding to the breaking point of LoS, existing methodology of breaking point is determined basically by a two-ray model, one ray from LoS and one ray reflected from the ground.  So if the 2D distance is less than the breaking point, the propagation is majorly free space propagation, e.g. Fresnel zone 1. Such methodology of breaking point is still valid for 3D UMa LoS.  Since it is LoS, we do not expect there are obstacles between BS and UE to create more propagation paths. On the other hand, the effective UE and BS heights are used to model the impact of terrain profile  between the UE and BS since actual terrain is never perfectly flat and the BS and UE may be located at different sea levels. The 1 meter environment height is a simple approximation of terrain profile (field deployment will consider more complicated calibration of BS/UE effective height using real terrain profiles). Since the BP is used to determine the maximal distance allowing for free space propagation, we  think that current BP and associated effective heights are sufficient enough for working assumption.  Increasing the UE height will lead to a large value of BP allowing free space propagation. It seems to make sense for me. For example, the UE is higher, the BP should be set to be larger to allow more chance of free space propagation (equivalent to expand Fresnel zone 1).     
However, one thing that we just noticed is that d_BP is a 2D distance between BS and MS at the horizontal plane (in theory). However we have agreed that the distance used for PL calculation is 3D. Perhaps we should clarify whether the distance used to determine LoS two-strip model is also 3D or 2D. 
The impact of UE height and relatively clutter height between BS and UE should be further modelled by LoS and NLoS probability. 

[NNSN] It seems to us that we (as a group) have more clarity on how to model UE height-dependent LoS PL up to the breakpoint distance given by d’BP @ hUT = 1.5m. I think we should try to secure some agreement here first. In the region after that, it is less clear. Fundamentally the 2-slope model (with breakpoint) assumes interference of a dominant path to the LoS path - ground bounce from a flat-earth and then accommodates reflections from vehicle-rooftops etc. by reducing the breakpoint distance using an environment height concept. Trying to dissect a scenario into sub-scenarios given that we don't have explicit building dimensions, streets modeled may not bring us any closer to a solution. For e.g. even in a building with LoS at ground floor may have different or multiple dominant paths for UEs at a high floor- an interfering path could be reflected off another building. Similarly, when a portion of the building is in LoS, it hard to say which if any of the reflected rays reaching a high floor UE is dominant (it is not a flat-earth anymore). For UEs in mid floors, it is possible that there is scattering from multiple objects like trees etc. that effect both the LoS path and the ground-bounce.   
At this moment we don't have a strong opinion on how to model LoS PL beyond breakpoint distance @ hUT = 1.5m. The proposal from LG also sounds reasonable in that the approach is simple and based on an average but we need some time to study. Something like this can capture our understanding at this point - 

Both for UMi/UMa, reuse the ITU LOS PL formula (with the new UE height used for 3D distance determination) for distances up to d’BP (d’BP determined by hUT =1.5m). 

[Huawei/HiSilicon]: If looking at the LOS path loss formula for UMa/UMi in TR36.814, the path loss formula is independent of UE height when the distance between eNB and UE is less than breakpoint distance. Now, the question is how to calculate the breakpoint distance in case UE height is larger than 1.5m, i.e., how to model effective environment height for UEs located at higher floors, which requires further study.   
However, we can first assume a fixed breakpoint distance as defined in TR36.814 (i.e., assuming UE height is 1.5m) for all the UEs regardless of UE height. The reason is that the breakpoint distance (according to TR36.814) for UMa/UMi is 320m and 120m respectively which is already larger than the maximum distance between eNB and UE [ISD is 500m (UMa) and 200m (UMi)]. 
[Ericsson]: Taking the approach of using 1.5 m UE height based on the assumption that the break point distance may be larger than the cell sizes is not really an attractive option. Inter-cell interference may come quite far away outside the own cell and it is well-known that the interference properties heavily affects the system performance. Thus using a proper break point distance continues to be important. As we previously mentioned and as also described by Samsung, there are basically two different LOS conditions here; sometimes LOS is over a street and a near-ground reflection models the breakpoint, sometimes LOS is over rooftops of buildings and then an environment height closer to rooftop height should be used. Using an “average” environment height as proposed by LGE does not capture that and moreover fails to capture the high dynamics (it just averages it out) of the problem with some links really having a very large BP distance and others a much smaller BP distance. Connecting this to the LOS probability modeling appears like a feasible way forward. A simple model could be based on taking the difference between LOS probability at the UE height and at h_ut=1.5 m. This difference would then provide the probability of above rooftop LOS condition which could be used to stochastically select between the two LOS conditions. 

[ZTE]:  We also have concern on simply assuming UE height equal to 1.5m always for breakpoint distance calculation as this also applies to interference modeling which can come from a cell further away.  We agree that there should be two types of LOS as Samsung and Ericsson pointed out.  It is reasonable to simply assume LOS type 1 (with environment height of 1m) for UMi which BS antennas are located below the rooftop.   For UMa, there are two types of LOS.  Type 2 (with environment height equal to rooftop height) can only happen to the UEs above the 4th floor since the number of floors varies from 4 to 8.   For those UEs, the reflection can come from rooftop of a building with 4 floors or up to (UE height-1.5).   In this case, we propose to just simply generate a random number uniformly distributed between 12 (i.e. 4x3) and (UE height-1.5) for the environment height.  So here is the process to generate BP distance: 

For the UEs under UMi, derive the BP distance based on the environment height of 1m. 
For each UE under UMa, 
- Determine whether the link is LOS based on LOS probability (preferably UE-height dependent). Follow the following steps if it is LOS. 
- If the UE is on or below the 4th floor, derive the BP distance based on the environment height of 1m. 
- If the UE is above the 4th floor, use a probability p (may be 0.5) to determine whether it is LOS type 1 or 2.   
- If it is type 1,  derive the BP distance based on the environment height of 1m. 
- If it is type 2,  derive the BP distance based on the environment height of h where h is uniformly distributed between 12 to (UE height -1.5) inclusive. 

· 3D UMi PL

NNSN: Our understand is that the bullets above are intended to provide general directions for study without restricting any solutions/proposals. If there is a concern that this wording is biasing the study we would appreciate proposals for alternate wordings. 
[Ericsson]: This topic has not really been studied yet. It thus appears premature to conclude that the height dependence is linear and can be modeled by just an additional term; it might be unnecessarily restrictive in our search for good models. Hence, it would be better to have a more generic formulation along the lines of 

•       Study modifications to ITU UMi NLOS PL capturing a decrement of PL with hUT. 

[LG]:  Similar to UMa NLOS PL, an approach of the linear height dependence seems also reasonable for the UMi case. However, other approaches such as a non-linear model should not be excluded at this stage and needs to be further studied. 

[Samsung] We also support NNSN and LG that it would be good to take a simple approach of characterizing the height dependent LOS PL for UMi by introducing a linear correction term; however we are open to consider other methods.   
[ALU/ASB] We need to further study about UMi. Major concern is what will happen if the UE is higher than the pico. It seems to become a UMa NLOS in which the UMi UE become a UMa BS ( above surrounding clutters) and the UMi pico becomes a UMa MS ( below surrounding clutters), if considering channel reciprocity. We are open for other suggestions. 
[Huawei/HiSilicon]: Our view is that it is a good start point to study introduction of additional term to the ITU UMi NLOS PL, capturing a linear decrement of PL with hUT and other options on UMi NLOS path loss modelling are not excluded at this stage. 

[Ericsson]: We don’t see the reasons to adopt a linear model before we have studied the problem, can someone show results confirming the accuracy of that model? ALU is bringing up a good point that as the UE moves further up, the path loss characteristics for a micro-to-UE link changes from being dominated by UMi to something more similar to UMa and that is clear from channel reciprocity. This is again tied to that we face two propagation phenomena in the same link – above rooftops propagation route (resembling UMa in the example) and around building propagation route (resembling UMi in the example). This mixture of two widely different propagation route in the same link is also why it is difficult to just say that the modification is linear and represented by an additional term. With two such fundamentally different propagation routes superpositioned in the same link, the simplest approach appears to treat them separately and then sum them up (just as in the real world) 

[ZTE]: It's unclear to us whether it is appropriate for UMi to just simply adopt the same linear model as UMa.  For UMa, the UEs on the higher floors have smaller pathloss (which tends to be closer to LOS) which is capped  by LOS pathloss. The link tends to be LOS-like as the UE goes up since there are much less obstacle on the higher floors.  However for UMi case, since the BS antennas are located below the rooftop, the UEs on higher floors without LOS don't seem to necessarily become more LOS-like as the UE goes up because those UEs can be still blocked by the buildings surrounding the target eNB antennas.   We are open to consider having different propagation models for the UEs at different heights.  However, at this point, it seems too early to conclude that the same linear model is used for both UMa and UMi.   
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