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1	Introduction 
As part of the SID for above 6GHz channel modeling, which was approved in RP-151606, email discussions took place between the Sep and Dec 2015 meetings [1]. One of the key topics discussed was the “Identification of additional features required for higher frequency channel modeling”. One of the most common features mentioned throughout various literatures is the notion of blocking (i.e. various rays being severely attenuated by both static and dynamic objects in the environment while traveling from the transmitter to the receiver).  This document expresses the need to model true UE rotational motion. While not directly related to blocking per se, UE rotational motion is surely indirectly linked in this sense: as the UE rotates incoming rays may “fall out of view” of the beamformed receive antenna pattern, which is similar to what happens in a blocking scenario.

2	Overview and Motivation
One of the keys for an above 6 GHz cellular communication systems to be successful is through the use of dual-end (UE and BS) highly directional links. In general, these highly directional links are much more sensitive to a dynamic environment compared to the types of links currently used for below 6 GHz communications. In particular, UE rotational motion has largely been ignored for below 6 GHz systems, mostly because of the assumption of having omnidirectional antennas at the UE.  
On the contrary, the highly directional links planned for above 6 GHz systems will be much more sensitive to UE rotational motion. Figure 1 shows the impact on intial access as a function of the UE rotational speed.  The figure was generating using a simple exhaustive search to find the UE/BS beam pair with the highest SINR. In this case the UE searched through twelve beams for each of its four arrays. The SINR was measured at the end of the procedure. Due to the UE rotataion, the measured SINR was degraded from the maximum SINR, which was initially found, as shown in Figure 1. 
UE translational motion may also have an impact on link performance but, as will be shown below, rotational motion will have much more of an impact. Furthermore, supporting true translational motion would add quite a bit of complexity into the channel generation procedure. Rotational motion, on the other hand, is relatively easy to support for both stochastic channel modeling and map-based channel modeling.
To illustrate the importance of considering rotational motion over translational motion, a brief derivation of their relationship using a particular example is shown. For the sake of simplicity we consider a 2D example where the UE and the BS are aligned on the x-axis and separated by a distance, . Assuming the UE moves in the positive y direction with a speed of km/hr, we can write the following:

where  and  represent the LOS angle between the BS and UE and the vertical distance of the UE at time , respectively. Upon differentiating we can write the following relationship:

where  is the linear speed, is the rotational speed, and  is the LOS angle between the UE and BS at time .
Investigations in [2] show that ordinary rotational speeds can be in the range of 45°- 360° per second, and even up to 800° per second for certain use cases. Using these rotational speeds along with an LOS angle of 45° and a distance of 25 meters, we get from the above equation the equivalent linear speeds to be 141, 1131, and 2513 respectively. This simple example clearly shows that rotational motion can have much more of an impact than translational motion and therefore should be included in performance based simulations.
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3	UE Rotational Motion Modeling 
There are two separate aspects to consider for modeling UE rotational motion. The first being the development of a rotational motion model that adequately represents typical UE motion. Realistic rotational motion takes place in three dimensions and therefore will take place simultaneously about all three axes. In order to develop a proper 3D rotational model all three axes should be accounted for as well as their respective interrelationships. One option is to develop a purely stochastic model, which would require various control parameters to be derived. Deriving these parameters can be done theoretically or through a set of empirical measurements. The parameters would likely be use-case dependant, (e.g. voice call, video call, gaming, etc.…), taking on different values for each of the different use cases (e.g. mean rotational speeds would likely be highest for gaming use cases).
The second aspect requires the development of a channel model generation procedure that has the ability to utilize the information from the rotational model mentioned above. Generally this requires the channel to be defined independent of the antenna structure at both the transmitter and the receiver. In other words, a channel should be defined from one geographical location (e.g. BS) to another geographical location (e.g. UE). Once this is defined, (at least in terms of rays arriving at a specific UE location), the UE device can be updated at a given rate with the rotational information before the antenna patterns are applied.   

4	Conclusion
In this contribution, we discussed the impacts from the UE rotational motion for above 6 GHz channel. From the discussions and observations, we propose the following:
Proposal: UE rotational motion should be taken into account in the above 6 GHz channel modeling.
The justifications specified are as follows:
1. Above 6 GHz systems will use dual-end (UE and BS) highly directional links. Compared with below 6 GHz with omnidirectional UE antennas, above 6 GHz will be much more sensitive to rotational motion.
2. Typical rotational speeds [2] surely justify the need to take rotational motion into account.
3. Rotational motion can be supported with minimal complexity impact for both stochastic or map-based channel model.
It was further pointed out that there are two separate aspects that need to be considered: 
1. Developing a realistic 3D UE rotational model
2. Developing the channel generation procedure with the ability to utilise the information from this rotational model.  
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