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Discussion
1
Introduction
During 3GPP RAN1#86 it has been agreed to investigate the UE movement, rotation and/or channel/beam blockage [1]. 

	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 beam management, it is believed that a number of links need to be maintained in order to have backup links when beam blockage or rotation happens. This means that the gNB would create pairs of Tx-Rx beams and use the best set of these (from RSRP perspective) in order to transmit control and data channel. Certainly, the number of such active links have some implications on the system operation as, for example, these beams need to be trained and updated, so that the gNB has always at hand the best Tx-Rx beam combinations. 

In this contribution, the system-level performance of UE Rx beamforming is evaluated with different antenna panel configurations. A dynamic system-level simulator is used in order to model the UE movement and rotation within the network. Moreover, we are investigating how many of the UE’s Rx beams can support the data reception at any given time in order to improve the beam robustness. The results herein are preliminary in the sense that one need to look also into the Tx beams, create the Tx-Rx beam pairs and see the quality of such beam pairs in time.
2
Initial System-Level Performance Investigation
It is widely understood that UE beamforming is an essential part of the NR systems operating in above 6 GHz frequency bands to overcome the propagation loss due to high carrier frequency. In the case of beam blockage, 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 may become the best link between the GNB and UE. The challenges of beam management are elaborated in [2] In this paper, we are investigating the relative strength of available UE Rx beams to draw conclusions on how many beams the UE should maintain in order to cope with sudden decreases in the power of current serving beam.   
Setup configuration

Table 1: UE array configuration

	Array type
	Array configuration
	Total number of TXRUs per array
	Total number of beams

	Single panel array
	(2,4,2,1,1)
	2 TXRU
	8

	Two-panel array
	(2,4,2,1,2)
	2 TXRU
	16

	Four-panel array
	(2,4,2,1,4)
	2 TXRU
	32

	Omnidirectional 2-Rx
	(1,1,2,1,1)
	2 TXRU
	-

	Omnidirectional 16-Rx
	(1,8,2,1,1)
	16 TXRU
	-


System-level simulations

In Figure 1 we depict the downlink SINR for the cases mentioned above. SINR results clearly show that 2 or 4 panels, depending on the assumed UE rotation speed, are needed in order to guarantee high enough reception SINR. If a two-panel UE is compared to a omnidirectional UE with only 2 antenna elements and no beamforming we see that beamforming gain largely benefits the UEs that have either of the panels facing towards a TRP. On the other hand, UEs that are imperfectly oriented regarding the TRP may even suffer losses comparing to the omnidirectional case. A UE equipped with 16 fully digital Rx-chains is considered as an upper bound SINR.    
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Figure 1 SINR CDF with different number of UE antenna panels [dB] ideal Rx beam selection
Observation 1: Two or four panels at the UE are needed to guarantee sufficient Rx SINR  

In Figure 2, the relative strength of measured UE Rx beams is presented so that the curves are showing the difference with regard to the best Rx beam. Note that due to the beam selection the actual index of n-best beam is constantly changing. The 50th percentile relative RSRP of the second-best beam is 3.3 dB weaker than the RSRP of the serving beam but the variance is relative high. This implies that for the most of the time also the second-best beam would be good enough to support data reception. In static conditions for the UE, it seems beneficial to track not only the strongest reception beam, but also the second best. However, this is a point where one would need to consider further the Tx-Rx beam pairs and their time evolution. At least in this scenarios, the third best beam lies 8.5 dB (median) below the strongest beam and is therefore not likely to support data reception should the RSRR of the two best beams start decreasing rapidly.    
Proposal 1: Investigate the number of Tx-Rx beam pairs which need to be maintained by the gNB. Such investigation should consider beam blockage and UE rotation.
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Figure 2: RSRP difference of 2nd-, 3rd- and 4th-strongest Rx beam compared to the strongest one
Nevertheless, from our companion paper [2], we learn that when rotation is applied (Figure 3), eventually every panel has its share of providing best performance. In such a situation is seems that one would need to track all these panels separately as they may become active for very short periods of time. 
[image: image3.png]Received power [dBm]

-100

110

-50

-60

y
70 1

-80

-90

-120

50 RPM

1000 1500
time [ms]

— omni(2,4,1,11)

—  wlobeamchange (2,4, 1,1, 1)

~ wideal beam chage in2 panels (2,4, 1,1, 2)
~— wideal beam chage in4 panels (2,4, 1,1, 4)





Figure 3: Received power at UE [dBm], 50 RPM, left – (M,N,P)=(2,4,1),

3
Conclusions
In this contribution we have presented preliminary results on the number of beams which need to be maintained. The observations and proposals are summarised as follows:

Observation 1: Two or four panels at the UE are needed to guarantee sufficient Rx SINR  

Proposal 1: Investigate the number of Tx-Rx beam pairs which need to be maintained by the gNB. Such investigation should consider beam blockage and UE rotation.
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Appendix
Table I. Simulation assumptions

	Parameters
	Values

	Scenario
	Urban macro

	Carrier freq.
	30 GHz

	TRP Tx power
	43 dBm

	Bandwidth
	10MHz

	Channel model
	According to 38.900

	TRP antenna config.
	(M,N,P,Mg,Ng) = (16,16,2,1,1), (dV,dH) = (0.5, 0.5) λ

	TRP BF scheme
	Analog, one beam selected per UE. Beam reselection interval 5 ms

	TRP TXRU mapping
	One TXRU is mapped per panel per polarizations (2 TXRUs in total)

	TRP Analog codebook
	DFT-based, no oversampling. Direction of beams [-60, 60] degrees in azimuth domain and [90, 110] degrees in zenith domain.

	TRP Downtilt
	90 degrees

	UE antenna config.
	[1,2,4] panels of dimensions (2,4,2)
2-Rx, x-pol, omni-directional

	UE panel directions
	 2 panels: [0, 180] degrees
4 panels: [0, 90, 180, 270] degrees

	UE Analog codebook
	DFT-based, no oversampling. Azimuth directions of beams [-67.5, 67.5] degrees for 2 panels, [-45, 45] for 4 panels. Single elevation beam at 90 degrees.

	UE BF scheme
	Analog, single beam from single panel is lit up at once. Beam reselection on every TTI

	UE TXRU mapping
	One TXRU is mapped per panel per polarizations ([2,4,8] TXRUs in total)

	Mobility model
	Static mobility, outdoor only, 3 km/h

	Rotation model
	[0, 50, 120 RPM]

	CSIT
	Ideal channel reciprocity (after beam selection)


