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Introduction
3GPP technical report (TR) 38.900 [1], i.a, discusses the new aspects of the communication channels that become relevant for frequencies higher than 6 GHz. One of such aspects, impacting the potential performance of 5G systems especially in higher bands, is blockage of a transmission by surrounding objects. In this contribution we discuss Blockage Model B from the TR and showcase the results of its testing for calibration purposes. Based on the above, we propose some improvements for the description of the model in the TR. The proposals in this TDoc have been implemented in the draft CR in R1-1701165 [2]. 
Clarifications
Two models (Model A and Model B) of blockage have been proposed as add-on features for calibrations and feature testing in Section 7.6.4 of [1]. The corresponding modifications are suggested to be pasted between Step 9 and Step 10 of the channel generation procedure illustrated in Figure 7.6.4-1 therein. Model A serves as a computationally efficient modelling tool, whereas Model B is a more realistic full-scale alternative. The latter is preferred when one is interested in conscious testing of features, making the corresponding simulations closer to reality.
Modelling of blockage according to Model B, in a nutshell, comprises two steps: 
a) Determine relevant blockers,
b) Determine the corresponding blockage attenuation.
When implementing the model in a simulator, a few issues may arise due to a slightly ambiguous description in the TR. Below, we discuss the issues related to the implementation of the above steps.
[bookmark: _Toc471725962]There is ambiguity in the description of Blockage Model B in the TR which should be removed for its efficient implementation and calibration.
Relevant blockers
Since the blockage attenuation diminishes as the blocker moves away from the communicating parties, the first step above is mostly concerned with picking the (geographically) nearest  blockers and storing their locations , as well as their physical height and width .
The blockers per se are modelled as rectangular screens with scenario-dependent sizes suggested in Table 7.6.4.2-5. It is stated in the TR [1] that the screens for each incoming ray should be “…rotated around its centre such that the arrival direction of the corresponding path is always perpendicular to the screen.” However, such a description might be ambiguous as it allows for a rotation of the screen around the incoming ray axis. To fix the problem we propose the following.
[bookmark: _Toc471488913][bookmark: _Toc471725955][bookmark: _Toc471729788]Add to the description that each screen is “…rotated around its centre such that the arrival direction of the corresponding path is always perpendicular to the screen, and the base and top edges of the screen are parallel to the horizontal ground plane”
Blockage attenuation
The title of Step b mentions blockage attenuation per cluster, whereas later in the description it is mentioned that “…different rotations are required for each individual sub-path”. Therefore, the blockage instead better be specified for a given sub-path. 
[bookmark: _Toc471488914][bookmark: _Toc471725956][bookmark: _Toc471729789]Rename Step b in Section 7.6.4.2 to “Determine the blockage attenuation per sub-path”
The above proposal yields that the knife-edge diffraction loss   is specified per cluster  and sub-path , so that the corresponding formula can be (optionally) accompanied by the indices, e.g.,.
Consider next the edge-knife diffraction effect terms ; several issues may arise when implementing these in a simulator. For instance, it is mentioned that “[a]s shown in Figure 7.6.4-2,  are the projected distances between the receiver and four edges of the corresponding blocker, and are the projected distances between the transmitter and four edges of the corresponding blocker”. However, it is not specified onto what should these distances be projected. From the figure it is intuitively clear that it is meant that the projections are related to the top and side views. At the same time, the view planes are not defined, and those are not trivially planes parallel to the ground. Instead, those are the planes defined by the direction of arrival (DoA) of an incoming ray (sub-path) and by the ground plane. Therefore, we propose the following.
[bookmark: _Toc471488915][bookmark: _Toc471725957][bookmark: _Toc471729790]Define two projection planes: (a) top view and (b) side view, both perpendicular to the screen. The side view plane is perpendicular to the horizontal ground plane. The top view is perpendicular to the side view. Add to the TR text “…[a]s shown in Figure 7.6.4-2,  are the projected (onto the top and side view planes) distances between the receiver and four edges of the corresponding blocker, and are the projected distances (onto the top and side view planes) between the transmitter and four edges of the corresponding blocker”
Next, it is mentioned in the same paragraph that “…r is the distance between the transmitter and receiver for direct path in LOS, and is the distance between the blocker screen and receiver for all the other paths”. It is true that in the line-of-sight (LoS) case the distance between the transmitter and the receiver can be immediately used for computations (provided that the incoming rays are adjusted accordingly, e.g., as described in Section 7.7.5.1 for the case of the fixed CDL model). In the non-LoS (NLoS) case, however, the distance blocker-receiver must be projected onto the incoming sub-path DoA. Therefore, the following should be added.
[bookmark: _Toc471488916][bookmark: _Toc471725958][bookmark: _Toc471729791]Add to the text “…r is the distance between the transmitter and receiver for direct path in LOS, and is the projection of the distance between the blocker screen and receiver onto the incoming sub-path DoA for all the other paths”
A crucial change is necessary for the sign-determination rule that comes next in the TR in order to avoid discontinuity and ensure spatial consistency of the blockage model. The main issue here lies in the fact that Figures 7.6.4.2-2(a) and 7.6.4.2-2(b) in [1], used directly to determine the signs of arguments in the computation of the edge-knife diffraction effects , do not list all the combinations of possible events. 
For instance, if the transmitter and receiver appear both behind a blocker on the same line, consider the situation where the receiver moves away from the blocker towards the transmitter (as depicted in Figure 1 below). In this case, distances  and  might grow and, consequently, the blockage attenuation might increase, even though the blocker lags farther and farther away behind. Clearly, this is an issue, as in such situation the loss should instead become progressively negligible since the screen is not blocking the transmission anymore.
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[bookmark: _Ref471129156][bookmark: _Ref471129126]Figure 1 Problematic scenario for Model B (side view)

In addition to the above exemplary layout, all the rays coming from behind the receiver pose a similar problem for the computation of blockage losses, even if the blocker is situated in between the communicating devices. To resolve the above issue, we propose a new rule for the determination of the diffraction-effect argument signs. 








[bookmark: _Toc471488917][bookmark: _Toc471725959][bookmark: _Toc471729792][bookmark: _GoBack]Change the sign-determining conditions in the TR to the following three conditions: (i) If the sub-path doesn’t intersect the screen in side view, minus sign is applied for the shortest path among and  in the NLoS case  (and in the LoS case) and plus sign is applied for the other edge. (ii) If the sub-path doesn’t intersect the screen in top view, minus sign is applied for the shortest path among and  in the NLoS case  (and for the LoS case) and plus sign is applied for the other edge.  (iii) If the sub-path intersects the screen plus signs are applied for both edges.
The above rule fixes the problem for the blockers situated near the receiver. For the blockers that move close to the transmitter, a similar rule has to be designed. However, as such procedure is not specified in the current version of the TR, it is omitted in the present contribution as well. 
Model calibration
The assumptions suggested for the calibration of Model B are stated in Table 7.8-6 of [1]. In the assumptions the suggested size of the screen is slightly ambiguous. Therefore it is proposed to specify the exact dimensions as follows.
[bookmark: _Toc471488918][bookmark: _Toc471725960][bookmark: _Toc471729793]In Table 7.8-6, specify the exact sizes of the blocker screen, i.e., “Drop a blocking screen of height 10m and width 2m at (80, 10, 1.5)”
In addition to the above, it has been observed during the implementation, that the utilization of the CDL-A model, where the paths are NLoS and have a quite large angular spread, might downgrade the effect of actual blockage. In this respect, the CDL-E model with a strong specular component might be a better choice. Therefore, the following is proposed.
[bookmark: _Toc471729794]In Table 7.8-6, change the channel model from CDL-A to CDL-E for better visibility of the blockage effect during the calibrations.
Finally, the translation-angle assumptions for the calibration have to be clarified. For instance, in the current TR version, it is unclear how to rotate the AoDs and AoAs of the clusters as the UT moves. Hence, we propose the following change.
[bookmark: _Toc471725961][bookmark: _Toc471729795]In Table 7.8-6, specify the translation-angle assumptions by adding the following statement: “For each UT position, translate the AoDs and AoAs of CDL-E such that the LOS path is pointing along the direct path between the BS and UT”
Calibration results
To test the implementation of the blockage model we have run an exemplary simulation with the layout set according to Table 7.8-6 of [1]. The simulated setting consists of a base station (BS) placed at (0, 0, 30), a blocker screen of height 10m and width 2m placed at (80, 10, 1.5), and user terminal (UT) moving from (100, 0, 1.5) to (100, 20, 1.5) in small increments of 0.1m.
The rays have been generated via the CDL-E model, given in Table 7.7.1-5, preserving the original spread, with the specular cluster aligned with the changing LoS direction. A translational angle has been applied to compensate for the UT movement, and rotate the rays around the LoS path. Figure 3 below depicts the behaviour of the received power with the UT’s movement, including the shape of the static radiation pattern of the antenna array at the BS. Eventually, the UT becomes blocked by the screen, which leads to a noticeable dip of 13 dB in the received power. 
[image: C:\Users\emakgir\Desktop\Ongoing studies\20161116 - 5G channel blockage models in APL\callibrationCdlEPatternMax.emf]
[bookmark: _Ref471136277]Figure 3 Power loss vs. time for CDL-E scenario, illustrating the effect of eventual link blockage
[bookmark: _Toc471725963]Blockage might have effect on the system performance, especially for the higher-frequency bands where large antenna arrays are foreseen.
Conclusions
In this contribution we made the following observations:
Observation 1	There is ambiguity in the description of Blockage Model B in the TR which should be removed for its efficient implementation and calibration.
Observation 2	Blockage might have effect on the system performance, especially for the higher-frequency bands where large antenna arrays are foreseen.

Based on the discussion in this contribution we propose the following:
Proposal 1	Add to the description that each screen is “…rotated around its centre such that the arrival direction of the corresponding path is always perpendicular to the screen, and the base and top edges of the screen are parallel to the horizontal ground plane”
Proposal 2	Rename Step b in Section 7.6.4.2 to “Determine the blockage attenuation per sub-path”
Proposal 3	Define two projection planes: (a) top view and (b) side view, both perpendicular to the screen. The side view plane is perpendicular to the horizontal ground plane. The top view is perpendicular to the side view. Add to the TR text “…[a]s shown in Figure 7.6.4-2,  are the projected (onto the top and side view planes) distances between the receiver and four edges of the corresponding blocker, and are the projected distances (onto the top and side view planes) between the transmitter and four edges of the corresponding blocker”
Proposal 4	Add to the text “…r is the distance between the transmitter and receiver for direct path in LOS, and is the projection of the distance between the blocker screen and receiver onto the incoming sub-path DoA for all the other paths”








Proposal 5	Change the sign-determining conditions in the TR to the following three conditions: (i) If the sub-path doesn’t intersect the screen in side view, minus sign is applied for the shortest path among and  in the NLoS case  (and in the LoS case) and plus sign is applied for the other edge. (ii) If the sub-path doesn’t intersect the screen in top view, minus sign is applied for the shortest path among and  in the NLoS case  (and for the LoS case) and plus sign is applied for the other edge.  (iii) If the sub-path intersects the screen plus signs are applied for both edges.
Proposal 6	In Table 7.8-6, specify the exact sizes of the blocker screen, i.e., “Drop a blocking screen of height 10m and width 2m at (80, 10, 1.5)”
Proposal 7	In Table 7.8-6, change the channel model from CDL-A to CDL-E for better visibility of the blockage effect during the calibrations.
Proposal 8	In Table 7.8-6, specify the translation-angle assumptions by adding the following statement: “For each UT position, translate the AoDs and AoAs of CDL-E such that the LOS path is pointing along the direct path between the BS and UT”

These proposals have been implemented in the companion draft CR R1-1701165 [2]. 
[bookmark: _In-sequence_SDU_delivery]References
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