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Discussion and Decision
1
Introduction
During 3GPP RAN1#86 it has been agreed to investigate the UE movement, rotation and/or channel/beam blockage. 
	Agreements:
· Study impacts of UE movement, rotation and/or channel/beam blockage w.r.t. following aspects

· UE/TRP beam change 

· CSI mismatch from CSI reporting instance to data transmission instance

· Study at least the following techniques under the consideration of UE movement, rotation and/or channel/beam blockage including

· Beam management of UE/TRP Tx/Rx beams

· Transmission/reception techniques to provide more robustness (e.g. semi-OL MIMO transmission, beam cycling, beam broadening)


In this contribution, we address the above issues with some system performance.
2
Challenges for efficient system operation
The utilization of UE beamforming is by now an agreed component of system operation in above 6GHz. Beam management procedures are in place for downlink. The well-known sensitivities of beam management are when changes in beams at transmitter and/or receiver happen due to the user or the environment. Indeed, two of the more problematic cases are the UE rotation and beam blockage. Figure 1 presents intra-cell beam training use cases for UE rotation and beam blockage. In the case 1 a) of UE rotation, the rotation of UE causes the RX beamformer at the UE to change while the TX beam at the BS is unchanged. In the case of beam blockage presented in Figure 1 b), the signal path is blocked by an obstacle leading to a significant drop of signal quality, e.g. tens of decibels in received power, at the receiver. An alternative path, for example due to reflections (blue beams) may become the best link between the BS and UE.   

	[image: image1.png]



	[image: image2.png]




	a) UE rotation
	b) Beam blockage


Figure 1. Intra-cell downlink beam training use cases for UE rotation and beam blockage (green=old beam, blue=new beam) 

RAN1 has yet to conclude the parametrization needed to investigate UE rotation. Literature studies [3] are showing several angular displacements in time which can be associated with user activities as depicted in the next table [3]. 
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The above angular displacements are translated into 10, 50 and 120 RPMs, which are used in the simulations setup next.

3
System performance
The impact of UE rotation is investigated for several RPMs characterizing various UE activities. In addition, we are also considering two antenna configurations per panel, that is (M,N,P) = (2,4,1) and (M,N,P) = (4,8,1). An omni antenna having 8 elements is considered as well. For each number of antennas per panel, we consider UEs with 1, 2 and 4 panels. At each time instant, all the panels are evaluating the received power and the best panel is selected. This corresponds to an ideal situation where all panels operate simultaneously and ideal selection is assumed at each time instant. The UE rotates with a fixed speed and around the vertical axis changing only the azimuth angle, which is the same simplification as taken in R1-1609248 [2]. The best panel is selected with 1 ms intervals based on the highest received RSRP. There are three horizontal beams with -30, 0, and 30-degree offset angles from the panel boresight. The beam is selected every TTI (0.2 ms). The channel model is urban macro from TR38.900 [4] with spatially-consistent UE mobility modelling enhanced for adjusting the AoA also for rotation.
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Figure 1: Received power at UE [dBm], 10 RPM, left – (M,N,P)=(2,4,1), right - (M,N,P)=(4,8,1)
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Figure 2: Received power at UE [dBm], 50 RPM, left – (M,N,P)=(2,4,1), right - (M,N,P)=(4,8,1)
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Figure 3: Received power at UE [dBm], 120 RPM, left – (M,N,P)=(2,4,1), right - (M,N,P)=(4,8,1)
The omni-directional antenna is an interesting marker in this setup. In above example the omni-directional UE has 8 antennas and 8 fully digital Rx chains, while UEs with directional antennas have 16 antenna elements and 2 TXRUs per panel. Hence a single panel UE has double the amount of antenna elements. However, single panel is not enough to cover the whole angular space. An omni operation with a small number of antennas provides a robust operation when UE rotates. Adding antennas to a panel does not bring any advantage as long as their orientation is not covering as much spatial directions as possible, this being achieved only with the increase on the number of panels.
The need of more panels at the UE is certainly confirmed. At minimum 2 back to back panels are beneficial, alleviating the effects of UE rotation and providing increased robustness. It should be in fact discussed in RAN1 if a UE with a single panel is feasible for above 6GHz operation and should be considered at all in the system design. 
It is good to observe that when considering the requirements set to for example to LTE devices, performance requirements are also applied in terms of radiated performance. Namely [Ref: TS 34.114, User Equipment (UE) / Mobile Station (MS) Over The Air (OTA) antenna performance] defines radiated performance requirements] defines the Total Radiated Power (TRP) and Total Radiated Sensitivity (TRS) requirements for UE, Laptop Mounted Equipment (LME)’s and Laptop Embedded Equipment (LE). These requirements, depending on the device type, cover different positions and phantoms (hand/head) and different frequency bands. The requirements are set considering the entire radiation (reception) sphere, thus implying that devices need to be able to meet certain minimum level of performance to all directions. (Note that this does not imply simultaneous capability to all directions). Of course these kind of requirements are not defined yet for NR devices, but imply that from practical user experience perspective, there exist certain expectation of minimum user experience and functionality, in terms of radiation sphere.
Proposal 1: Mechanisms to enable omni-direction operation need to be considered.
Proposal 2: At least 2 panels are needed for operation on high carrier frequencies.

Observation 1: Increasing the number of antenna elements per panel does increase the Rx power in all angular directions, which cannot be matched by higher number of elements per panel.

4
Conclusions
Proposal 1: Mechanisms to enable omni-direction operation need to be considered.

Proposal 2: At least 2 panels are needed for operation on high carrier frequencies.

Observation 1: Increasing the number of antenna elements per panel does increase the Rx power in all angular directions, which cannot be matched by higher number of elements per panel.
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