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1. Introduction
In RAN1#75 good progress was achieved regarding the 3D-channel model and scenarios. It has previously been agreed that calibration of this new channel model shall be performed in two phases in order to speed up the calibration process. In the first phase, which is currently ongoing, long term channel properties will be calibrated. More specifically, coupling loss, geometry and the elevation angle created by the, potentially non existing, LOS propagation path at the BS will be calibrated. In this contribution we will share our opinions regarding the specified simulation assumptions as well as presenting some results.
2. Deriving RSRP
As agreed in RAN1 #73, two different antenna models shall at the BS side be used in the phase-1 calibration. The first antenna setup consist of a single subelement (N = M = 1) whereas the second antenna setup is an antenna array consisting of 10 subelements (M = 10, N = 1). Using the antenna array makes the question about how to derive RSRP of particular importance which is of relevance for instance when performing cell selection. 

The correct way to derive RSRP would be to generate all rays and then derive RSRP from these rays. See our companion contribution [1] for more on this topic. The drawback with this method is that the complexity becomes high which may sometimes motivate a simplified method. An established way to do this is to instead represent the channel with only one, potentially non-existing, ray which propagates along the LOS direction. This does however imply that RSRP will be created by a ray which does not necessarily exits in the actual channel which of course is unrealistic and it also ignores angular spread an must hencd be used by care if the antenna diagram is not sufficiently smooth and exhibits ripples with sharp nulls and/or peaks. 

Observation

· RSRP for point to UE association should be calculated using all rays and taking potential virtualization and polarization into account as proposed in [1] 
· A less accurate but simpler approach is to only use a single ray in the LOS direction and only considering antenna gain in LOS direction, path loss and shadowing
This question of UE association is currently being investigated in 3GPP and currently no conclusion has been reached except that the RSRP estimate should be based on all rays of the channel. We will therefore, for the purpose of this initial calibration campaign, for now use the second, simplified and less accurate, approach mentioned above. Hence, as link strength metric in the case of only one antenna element we use an RSRP estimate based on  path loss, shadow fading and antenna gain in the LOS direction and ignoring the important issue of polarization, hence pretending that both the eNB and the UE has a single vertically polarized antenna for the sake of RSRP computation. Needless to say, the exact assumptions regarding RSRP computation need to be clarified for further calibration efforts. For the antenna array case we first derive an effective antenna diagram incorporating the virtualization precoder resulting in a single vertically polarized effective antenna before using the previously described RSRP computation approach. 
Observation

· Our calibration results so far use the less accurate RSRP approach based only on LOS direction

· RSRP determination need to be clarified for further calibration to be meaningful
3. Geographical vs. Radio Distance based Wrapping

To use wrapping when performing system simulations is an established way for lowering the simulation complexity. However, although the general principles of this technique are well-known the details regarding how to apply wrapping are largely unspecified. This leads to many different interpretations and implementations on how the wrapping actually is performed. 

Observation

· Wrapping is well-known on a principal level but details are so far largely up to interpretation

Two possible ways to implement wrapping are shown in Figure 1 and Figure 2 below. The black dots illustrate the positions of the 19 sites, and hence 57 sectors, which are simulated in the calibration. Furthermore, the location of a single UE is illustrated by the blue cross. With wrapping, the positions of these 19 sites are shifted in different directions in order to produce other site positions as illustrated by the red dots. The desired objective of using the wrapping technique is to create a simulation which is essentially equivalent to simulating the network as if all the sites, both black and red, were present but only measuring the performance for the black coloured sites.  Actually, the network is supposed to be of infinite size, but the assumption is that the wrapping area is sufficiently large so that sites beyond the outermost red colored sites do not contribute significantly to the received signals in the black colored sites. 

Observation
· The objective of wrapping is to mimic a network of infinite size while only measuring the performance over an inner area corresponding to the first copy of all the sites.

· An infinite size network is approximated by an area with sites corresponding in this case to the black and red coloured sites

In Figure 1 so-called geographical distance based wrapping is illustrated. Such wrapping is purely based on the Euclidian distance between the locations of the sectors and the UE. The positions of the 57 sectors closest to the UE have been chosen to represent all existing sectors. Hence, when creating all the links to the given UE these 57 sectors will be used. For instance, when analysing the link between the UE and the site marked ‘a1’ it will be its shifted version ‘b1’ that will actually be used. Hence, the links will be generated between the UE and the sectors within site b1. A problem with this approach is also illustrated in the figure; consider the case that we simulate the layout in Figure 1 under the assumption that one of the sectors is directed in the north-east direction as illustrated by the arrows in the figure. Assuming a directional antenna this may result in a high coupling gain between the UE and sector a1 whereas we get a low coupling gain between the UE and sector b1. Still, since the wrapping was based purely on Euclidian distance, instead of the radio propagation environment, the sector a1 will discarded and instead sector b1 will be used. 

Observation
· Geographical distance based wrapping chooses the 57 sectors closest to the UE in a Euclidean distance sense.

· Geographical distance based wrapping ignores pointing directions of antenna diagrams and hence may choose the wrong wrapping copy of a  sector with low instead of high coupling gain to the UE
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Figure 1: Sectors within grey hexagon are chosen for UE (blue cross) when geographical (Euclidean) distance based wrapping is used.

Figure 2 instead shows radio distance based wrapping. When analysing the link between the UE and the sector a1 one will also analyse the RSRP to all its shifted versions (the wrapping copies), i.e., b1, c1, …, g1. This will, in this example, in total create 7 possible candidate links. The link with the highest RSRP is then kept and the other links are discarded. Such a methodology hence ensures that strong links are kept rather than weak links. This will lead to a better approximation of the desired objective, which we stress is to simulate the network as if all the sites, both black and red, were present. 
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Figure 2: Radio distance based wrapping means each sector-to-UE link is obtained by selecting among seven wrapping candidate sectors the candidate sector that has the highest RSRP.

Observation

· Geographical distance based wrapping suffers from that strong links may be neglected whereas weaker links may be kept
· Radio distance based wrapping combats the disadvantageous with geographical distance based wrapping

Proposal

· Use radio distance based wrapping
The RSRP estimate used in radio distance based wrapping may be the same as used for determining UE to node association after the wrapping, which has been agreed to be based on all rays. This would clearly offer the highest accuracy but also requires that all channel parameters for all wrapping candidate link are evaluated. On the other hand, it may be beneficial from a simulator complexity point of view to use an approximate expression of RSRP for selecting among wrapping candidate links and only use the accurate and more complex RSRP expression after wrapping to determine the UE to point association.

Proposal

· Radio distance based wrapping may use an approximate and less complex expression for RSRP different from the accurate RSRP expression based on all rays that is used after wrapping

· Approximate expression for RSRP may be based on a single LOS ray but taking antenna virtualization and angular spread into account
3.1. Importance of Wrapping Method when Using 3D-Channel Model

A distinguishing feature and limitation of geographical distance based wrapping is that it per definition only considers candidate sectors within a rather small area corresponding to the grey hexagon in Figure 1. For a macro scenario with 19 sites and 500 m ISD, only sectors up to around 1250 m away are considered while for a micro scenario only sectors up to around 500 m are considered. These distances may be sufficient for the 2D-channel model where all UEs are on the ground level. The challenge now with the 3D-channel model is that the UEs may be high up in buildings being in LOS with sites very far away. The short maximum site to UE distances obtained with geographical distance based wrapping are then no longer sufficient and a much larger wrapping area is needed. 
Observation

· With the 3D-channel model UEs may be high up in buildings in LOS with nodes very far away

· The short maximum distance offered by geographical based wrapping is no longer sufficient

To see this, consider Figure 3 which shows a CDF of the distance from UE to the chosen serving sector with the two different wrapping methods for the calibration case N = M = 1. With geographical distance based wrapping we see that the largest sector to UE distance in the Micro scenario is around 500 m while with the more accurate radio based wrapping we see that serving sectors are as far away as 1200 m. It becomes even worse for the macro case, in that serving sectors as far away as 2800 m are found. In other words, geographical distance based wrapping is erroneously choosing the wrong wrapping candidates and artificially places them much closer to the UE, not reflecting the real environment. Note that even though sectors are very far away they may still contribute substantially to received signals since path loss in LOS conditions only increases as 20log(d). 
Observation

· UE sees points as far away as 2800 m in Macro scenario and 1200 m in Micro scenario

· Geographical distance based wrapping erroneously ignores any points further away than 1250 m in Macro Scenario and 500 m in Micro scenario
· Wrapping area needs to be substantially extended in case geographical wrapping is used

· Example: To reach 1200 m in micro case, roughly seven times more sites need to be modelled, totalling 57*7 = 399 points!
· Radio distance based wrapping substantially reduces the need for large wrapping areas
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Figure 3: CDF of distance between selected serving sector and UE for Macro and Micro scenarios. Two different wrapping methods are used.
Another illustration of the drawbacks with geographical distance based wrapping is shown in Figure 4 where the geometry curves are presented when for the two different wrapping methods for the calibration case N = M = 1. It should be noted that even if the distance to the serving cells becomes larger, in the case of radio based wrapping, the coupling gain will also be larger. This comes from the fact that the UE will have a larger set of possible candidate sectors to attach to and it will therefore always be able to make a choice at least as good as in the case of geographical distance based wrapping. However, even if the coupling gain becomes larger we note from the figure that the geometry goes down. Hence, neglecting the stronger links, as done with geographical based wrapping, may greatly underestimate the present interference level, especially considering that geometry is a measure which normally is very tolerant against errors in the modelling since such errors tend to cancel out with the implicit and underlying but unrealistic assumption of 100% resource utilization. 
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Figure 4: CDF of geometry for Macro and Micro scenarios. Two different wrapping methods are used.

Proposal

· If geographical distance based wrapping is still used, we need to discuss how to substantially extend the wrapping area

4. Calibration Results

We have followed the parameter settings as specified in in the TR [2] . For the wrapping implementation we used the radio distance based wrapping as explained in Section 3. Furthermore, for both the cell selection and the wrapping the simplified link strength metric based on the LOS direction, as explained in Section 2 was used. 

Observation
· The specified shadow fading values in TR 36.873 are different, for 3D-UMa, in Table 7.2-1 and Table 7.3-6. We follow Table 7.2-1.  

Below we present our calibration results for the 3D-UMa and 3D-UMi scenarios.
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Figure 5: CDF of coupling gain. 
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Figure 6: CDF of geometry.
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Figure 7: CDF of LOS zenith angle. 

5. Conclusions

This contribution presented our Phase-1 calibration results. In doing so we also discussed the importance of correct wrapping methodology and RSRP determination. Based on the discussion and analysis we observe concering RSPR determination
· RSRP for point to UE association should be calculated using all rays and taking potential virtualization and polarization into account as proposed in [1] 
· A less accurate but simpler approach is to only use a single ray in the LOS direction and only considering antenna gain in LOS direction, path loss and shadowing
· RSRP determination need to be clarified for further calibration to be meaningful
and concerning wrapping

· Wrapping is well-known on a principal level but details are so far largely up to interpretation

· Geographical distance based wrapping chooses the 57 sectors closest to the UE in a Euclidean distance sense.

· Geographical distance based wrapping ignores pointing directions of antenna diagrams and hence may choose the wrong wrapping copy of a  sector with low instead of high coupling gain to the UE
· Geographical distance based wrapping suffers from that strong links may be neglected whereas weaker links may be kept
· Radio distance based wrapping combats the disadvantageous with geographical distance based wrapping

· Radio distance based wrapping substantially reduces the need for large wrapping areas
We therefore propose
· Use radio distance based wrapping
· Radio distance based wrapping may use an approximate and less complex expression for RSRP different from the accurate RSRP expression based on all rays that is used after wrapping

· Approximate expression for RSRP may be based on a single LOS ray but taking antenna virtualization and angular spread into account
· If geographical distance based wrapping is still used, we need to discuss how to substantially extend the wrapping area
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