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1 Introduction

During RAN4#101-e, most aspects of UE RF requirements for FR2 were resolved. The remaining outstanding issues relate to the spherical coverage requirements.
2 Discussion

It was agreed that the spherical coverage requirement should be based on declaring boresight direction(s) and a required range of coverage around the boresight(s). The WF leaves open for discussion whether the co-ordinates are absolute or relative to the boresight.
In regard to the co-ordinates system, it is important to bear in mind that in order to be able to declare boresight direction(s), it is necessary to define a co-ordinates system relative to the UE. Similar to the BS specification, it is proposed that the orientation of the co-ordinates system to the UE form factor is declared.
Proposal 1: The orientation of the co-ordinates system to the UE form factor is declared

The declared co-ordinates system can then be used as a basis for both the declaration of the boresight direction(s) and the range around the boresight direction(s) in which coverage is required.

Proposal 2. The declared co-ordinates system is used for both the declaration of boresight direction(s) and the definition of the range around boresight direction(s) in which coverage is required.

Although the train mounted UE is logically a UE, in fact it is very different from a handheld UE or CPE. A train can be considered part of an infrastructure and so this type of UE will also be part of an infrastructure. The UE does not need to roam and its design can in principle be optimized to the specific train deployment. It is not entirely obvious that a specific coverage pattern needs to be standardized as opposed to left open for optimization dependent on scenario. 

It may, however, be useful to standardize a minimum expected coverage range per panel to provide a baseline for development of train mounted UEs, since the deployment characteristics are well known and unlikely to vary to a large extent.
We do not see a reason to require a minimum or maximum number of panels from an RF point of view, since to do so only constrains the possibilities for deployment of single direction UEs where feasible with no obvious benefits.

Proposal 3: Do not constrain the minimum or maximum number of declared boresight directions.

The coverage range requirement should be based on the assumption of panels facing forward / backward along the track. At RAN4#101-e, two proposals were made for the coverage range:
· Spherical coverage x%-tile point per panel

· Azimuth angle (i.e., phi) range to cover: 

· Option-1: [-45, +45] degree relative to absolute coordination system

· Option-2: [-25, +25] degree relative to UE declared boresight direction

· Other options are not precluded

· Elevation angle (i.e., theta) range to cover: 

· Option-1: [45, 90] degree relative to absolute coordination system

· Option-2: [-10, +10] degree relative to UE declared boresight direction

Apart from the issue of different assumed co-ordinates systems, the difference between the option 1 and option 2 above is that option 1 is based on the minimum distances from the BS assumed for the demodulation requirements, which are rather pessimistic whereas option 2 assumes more realistic values for the handover point. 

Considering azimuth in scenario A, the demod assumption is that a BS serves a UE from 10m away, in which case a 45 degree wide coverage is needed.
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In reality, the BS is more likely to start serving the UE at a distance of around 50m, in which case the azimuth angle is around 12 degrees.
For scenario B, a distance of 100m was assumed for the demod requirement for switching BS, however in reality the distance is likely to be around 200-300m.
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At 100m, a coverage of around 56 degrees would be needed. At 200m, the coverage becomes around 36 degrees.
Thus, in azimuth, the range +- 45 degrees appears to be rather large and +-25 degrees too small to cover scenario B. To accommodate scenario B, we propose +-40 degrees in azimuth.

Proposal 4: The azimuth range around the boresight is +-40 degrees (based on scenario B)

The elevation range is most critical in scenario A. If the UE switches BS at only 10m from the BS then the elevation range needs to be 0 to 45 degrees. However, if a more realistic 50m is assumed then the range falls to 12 degrees. Taking range of [0, 15] degrees is sufficient for switching BS as close as 37m away, which is sufficient.

Proposal 5: The elevation range around the boresight is 0-15 degrees (i.e., horizontal to 15 degrees below horizon).
3 Conclusion

Proposal 1: The orientation of the co-ordinates system to the UE form factor is declared

Proposal 2. The declared co-ordinates system is used for both the declaration of boresight direction(s) and the definition of the range around boresight direction(s) in which coverage is required.

Proposal 3: Do not constrain the minimum or maximum number of declared boresight directions.
Proposal 4: The azimuth range around the boresight is +-40 degrees (based on scenario B)

Proposal 5: The elevation range around the boresight is 0-15 degrees (i.e., horizontal to 15 degrees below horizon).
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