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1 Introduction
In RAN1#75 meeting and the following email discussion, two alternatives for wrapping were discussed,  

· Alt. 1: Geographical distance based wrapping

· Alt. 2: Radio distance based wrapping
It was agreed that geographical distance based wrapping is the baseline for calibration and baseline performance evaluation and companies are encouraged to bring the results for radio distance based wrapping. In this contribution, some results for radio distance based wrapping are provided and the comparison with geographical distance based wrapping and the related analysis are done. In addition, several open issues related to radio distance based wrapping are discussed.
2 Discussion on wrapping method for 3D channel model

For 2D channel model, the objective of wrapping is to simulate a network of infinite size by using finite network node. Each UE will feel that it was in the center of network. In the geographical distance based wrapping, there are two layers around each UE. As the path loss from those nodes far away is large, it is usually sufficient to only model the nodes of the surrounding two layers. 
However, for 3D channel model, one difference compared to 2D channel model is that there is higher probability for UEs at high buildings to be LOS with the nodes far away. Considering the break point distance for LOS is increased for high building UEs, the path loss from the nodes far away in case of LOS would be small and the received signals from the nodes far away can still be strong. UEs may connect to a cell which is outside of the wrapping area of geographical distance based wrapping. Thereby, the strong link selection region needs to extend to a larger range. At the last meeting, Alt.2 was proposed to model this cell selection in the larger range as shown in Fig. 1, where the maximum distance between serving node and UE becomes larger, e.g. 1200 m in micro scenario and 2800 m in macro scenario [1]. 
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Fig. 1: 19x3x7 network layout

Although the increased LOS probability and breakpoint distance results in small path loss, the antenna gain should also be taken into account for UE attachment. The combination of antenna gain, path loss and shadow fading will determine the UE attachment if LOS ray based RSRP method is used. To identify the difference of UE attachment result for these two wrapping methods, it is needed to consider the impact of these three issues together. The CDF of distance between UE and serving cell (K=1 and K=10) for 3D UMa and 3D UMi are provided in Fig. 2 and Fig. 3 respectively. 
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Fig. 2: Distance between UE and serving cell for 3D UMa                         Fig. 3: Distance between UE and serving cell for 3D UMi 
It can be observed that the UE attachment of these two wrapping methods has a big difference in case of K=1 regardless of 3D UMa and 3D UMi, and in case of K=10 the UE attachment is almost same. For geographical distance based wrapping, the maximum distance between UE and serving cell is 1250 m in case of 3D UMa. In case of radio distance based wrapping, almost all the UEs select the serving cell with the distance less than 1250 m. There is the similar observation for 3D UMi in case of K=10. 
The reason is that the antenna pattern is broad for K=1 and for a certain UE the achieved antenna gain from the node far way would be comparable with that from the close nodes. In this case, if the propagation from UE to the close node and the node far away is NLOS and LOS respectively, the UE will select the node far away as the serving cell. However, for K=10 with 12 degrees down tilt, the antenna gain from the node far away would be very small, and therefore the UE will not select the node far away even though the propagation is LOS. 

To further demonstrate the difference of these two wrapping methods, the coupling loss and geometry results in different scenario are given in Fig. 4- Fig.7.
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Fig. 4: Coupling loss of 3D UMa                                Fig. 5: Geometry of 3D UMa                            
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Fig. 6: Coupling loss of 3D UMi                                     Fig. 7: Geometry of 3D UMi
If assuming the same antenna configuration for these two wrapping methods, radio distance based wrapping method shows better coupling loss than that of geographical based wrapping method as the UE can associate to the cell far away with higher RSRP. The difference is more visible in case of K=1 than K=10. However, the geometry is worse for radio distance based wrapping method compared to geographical distance based wrapping method when there is the same antenna configuration. It means that some interference cells are also associated with the node far away which increase the interference compared to geographical distance based wrapping. 

From the coupling loss and geometry results, there is the similar observation as the distribution of distance between UE and serving cell for these two wrapping methods, i.e., the difference between these two wrapping methods is small when K=10 with 12 degrees down tilt and there is obvious difference when K=1.

Observation: The impact of radio distance based wrapping is related to the used antenna pattern and the corresponding down tilt. There is visible geometry difference in case of K=1 regardless of 3D UMa and 3D UMi, marginal difference in case of K=10 for 3D UMa and small difference in case of K=10 for 3D UMi. 
It is noted that K=1 is not a practical antenna configuration, and therefore the impact of radio distance based wrapping compared to geographical distance based wrapping in some other practical antenna configurations are needed. 
3 Open issues of radio distance based wrapping
Although there were extensive discussions on the radio distance based wrapping, there are still some issues which need to be further discussed and clarified in order to align the same understanding.

First, radio distance based wrapping is based on the radio propagation environment. Each node-to-UE link is obtained by two steps. In the first step, each of 57 cells is determined by selecting the node with the highest RSRP among the seven wrapping candidate nodes. In the second step, the serving cell and strong interference cells are selected among the 57 cells obtained from step 1. The RSRP calculation method for UE attachment in 3D channel model has been agreed to use all the rays for the accuracy of cell selection. From consistence point of view, the RSRP calculation method used in step 1 of radio distance based wrapping should be same as the RSRP estimate used in UE association. Otherwise, if the RSRP calculation in step 1 is based on LOS ray but the RSRP calculation in step 2 is based on all rays, the selected cell may be not optimal but ‘sub-optimal’. However, if the RSRP calculation in step 1 is based on all rays, the channel parameters including fast fading for all rays of all cell-to-UE links (There are about 57*10*57*7 links if 10 UEs per cell is assumed.) need to be generated. The complexity is very high for a system simulator. A simplified algorithm for RSRP calculation based on all rays in step 1 is needed to further study. If some simplified RSRP calculation is used in step 1 during phase 2 calibration, it may result in diverse results.
Second, when the target candidate node is far away from UE, the auto correlation of large scale channel parameters need to be calculated in an enormous network (e.g. 57*7). For example, the autocorrelation function R (x) of shadow fading can be described with sufficient accuracy by the exponential function [2] 
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Where, x is the distance between the two points in a same cell. For radio distance based wrapping, as the link selection region is extended to a larger range (57*7), in principle the distance between two points in a cell will be extended to this range accordingly. Due to the time consuming of auto correlation computation for large scale parameters, this also increases the complexity of system simulator. A simplified model for auto correlation is also needed to further study.  
In addition, for radio distance based wrapping, the selection of 57 cells in step 1 has two options:
Option 1: Sector-wise wrapping among seven candidate sectors and the sector with maximum RSRP is selected.

Option 2: Site-wise wrapping among seven candidate sites and the site including sector with maximum RSRP is selected. 

Option 1 is more accurate and realistic than option 2, but the number of selected geographical site will be more than 19. In this case, UE cannot assume that some parameters, e.g., distance, din, etc., for the three sectors within one site are same, which is different from that of geographical distance based wrapping.  Option 2 can make sure that the number of selected geographical site is kept as 19. For the serving cell selection, there is no difference between these two options but in the selection of strong interference cell would be different. This will result in different performance for these two options, especially for cell average performance. In order to align the calibration results, the selection from one of them is needed.
Proposal: Some open issues (including RSRP calculation complexity, auto-correlation of large scale parameters calculation complexity and selection method of 57 cells) of radio distance based wrapping for 3D channel model should be further studied and clarified.
4 Conclusion

In this contribution, two wrapping methods for 3D channel model are discussed and compared. Based on the discussion, there are the following observation and proposal:

Observation: The impact of radio distance based wrapping is related to the used antenna pattern and the corresponding down tilt, there is visible difference in case of K=1 and small difference in case of K=10.
Proposal:  Some open issues (including RSRP calculation complexity, auto-correlation of large scale parameters calculation complexity and selection method of 57 cells) of radio distance based wrapping for 3D channel model should be further studied and clarified.
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