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1. Introduction
In the RAN#71 meeting a new study item on New Radio (NR) Access Technology was approved [1]. The main objective of the study item is to develop and evaluate the technologies for the NR system to support a broad range of the use cases including enhanced mobile broadband, massive MTC, URLLC. In this contribution we provide our views on UE side beamforming for NR technology.
2. Motivations of UE side beamforming 
As NR targets wide frequency range from cellular band to mmWave band, the coverage of higher bands can be seriously limited by the signal transmission distance. The large scale calibration of the above 6GHz channel model [3] shows that the serving TP coupling loss can be degraded for 20dB for the same antenna settings as the carrier frequency increases from 6GHz to 30GHz. Additional 20dB coupling loss degradation will be applied if the carrier frequency increases further to 70GHz. On the other hand, the smaller wavelength allows employing large antenna array also on the same handset form factor. Table 1 gives a rough estimation of the same handset size using number of wave length. Thus deploying large antenna array on small form factor UE on high band NR seems to be a reasonable choice to overcome the harsh path loss with beamforming gain.
[bookmark: _Ref449973187]Table 1: Handset size in wave length
	Band (GHz)
	<6GHz
	6-20
	20-30
	30-60
	>60

	Carrier Freq. (GHz)
	3.5
	10
	28
	60
	73

	Wave length(cm)
	8.57
	3.00
	1.07
	0.5
	0.41

	Handset Width (Wave length)[a]
	0
	2
	5
	12
	15

	Handset Height (Wave length) [a]
	1
	3
	10
	22
	26


· [a]: Google Nexus 5: 4.95” (6.23 cm * 11.07cm)
Although a detailed antenna modeling assumption for UE side antenna array is still under discussion [4], estimating the potential improvement UE side antenna array can bring to the system is already possible. Figure 1 compares the coupling loss and geometry between omni UE and directional UE at 30GHz. For omni UE, we simply reuse the channel model calibration parameters defined in TR 38.900.  For directional UE, we assume the UE is employed with two directional antenna arrays pointing to the opposite directions. Detailed UE antenna radiation pattern and array shapes can be found in the Appendix. The UE antenna array gain is also incorporated into the coupling loss and geometry calculation. For simplicity, we use 2D-DFT vector in the UE side and the azimuth and zenith angles used in the 2D-DFT vector for a given link is determined using the azimuth and zenith arrival angles of the strongest channel cluster. 1D-DFT based tilting is applied to all TP.  After the serving TP is selected assuming link specific UE beam, the UE beam which is optimized for the selected TP will be used to calculate the link gain for the other TPs when calculating the inter-cell interference for the geometry statistics. Although the exact analog codebook at UE side should be up to UE implementation, a 2D-DFT based codebook can be defined easily if necessary to facilitate the technical discussion. With this relatively conservative setting, we are still able to observe roughly 8-10dB gain in the geometry CDF and 4-5dB gain in the coupling loss CDF using directional UE compared with omni UE. The larger geometry gain is contributed by the interference mitigation effect of UE side beamforming. Obviously, this gain is significant.
[image: ][image: ]
[bookmark: _Ref450128804]Figure 1: Coupling loss and Geometry comparison of omni UE and directional UE
Observation: UE side beamforming improves system coverage and capacity significantly for NR at high frequency band.
3.  Design considerations for directional UE
Although UE side beamforming helps to improve the system coverage and capacity significantly, it also introduces additional complexities to the system design.
[bookmark: _GoBack]The UE side beamforming needs more considerations in the system design. UE beam management procedures need to be introduced. For the downlink direction, UE needs to manage the reception beam properly in order to receive the downlink physical channels. UE downlink beam management may consist multiple phases. In the initial phase, UE has to acquire a proper UE reception beam. Since UE can only test one reception beam of one hybrid antenna panel at a time, exhaustively testing all possible reception beams may be prohibitively time consuming. This UE side beam acquisition delay can be improved by UE implementation. However, it is desirable to also take into account this aspect when designing the synchronization procedures and related signals. Also, additional procedures maybe needed to acquire UE Tx beam independently from UE Rx beam [5].
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[bookmark: _Ref450137479]Figure 2: Optimal eNB beam and UE beam change along a trajectory while UE is rotating along Z axis

Other than the beam acquisition delay introduced by UE side beam forming, another challenge with UE side beamforming is beam management procedure. As the link is maintained by correctly pointing beams at both ends, both ends of the link have to update the beams in a synchronous manner. The beam update can be motivated by UE mobility, UE rotation, channel blockage or network scheduling. One example of beam management during UE mobility can be that eNB/UE track beams to maintain a LoS link when an in-car UE is moving in front of the eNB antenna tower. In this scenario the beams at both ends are expected to change gradually to respond to the LoS direction change. The second example of beam management can be that UE is wearing a NR device to play VR game. In this scenario the UE position may only change very small over time but the NR device could rotate fast. As a result, the eNB beam may not change much but UE beam can change fast to respond to the fast rotation. Figure 2 simulates a scenario that UE moves as well as rotates. We sample the channel periodically along the trajectory and performs exhaustive Tx/Rx beam search in each of the channel sample. The AoD/ZoD shows the departure angles of the corresponding eNB beam. And the AoA/ZoA shows the arrival angles of the corresponding UE beam. As UE moves towards the eNB in the randomly chosen trajectory, the eNB beam does not change much and the UE beam changes periodically in response to the rotation. For network scheduling driven beam change, the scheduler can choose a sub-optimal beam direction for single UE to maximize the cell capacity in MU-MIMO transmission. These beam management scenarios shall all be carefully investigated and handled properly to maximize the benefit of UE side beamforming.
Other than the UE side beam acquisition and properly handled beam management for synchronous change of UE and eNB beams, beamforming can change the way how various downlink/uplink signals/channels are designed. For example for uplink physical channel which is designed to carry bursty traffic, e.g. scheduling request, without knowing which UE actually sends the traffic, eNB would have to scan all possible beam directions or receives with omni reception as UE can send the traffic with its own beam. Another possible impact is downlink CSI measurement signal, eNB would have to accurately know which UE beam UE would apply for receive a candidate beam because mismatch can cause wrong CSI measurements. This is clearly not the case for UE with omni receptions. Many other examples can be given.
Proposal: NR system design should consider UE beamforming in various aspects including: UE side beam acquisition; Beam management in various scenarios; Downlink/uplink channel/signal design.
Conclusions
In this contribution we have provided our views on the benefits brought by UE side beamforming to NR. We also discussed possible system design considerations with UE side beamforming. The below observation and proposal is made:
Observation: UE side beamforming improves system coverage and capacity significantly for NR at high frequency band.
Proposal: NR system design should consider UE beamforming in various aspects including: UE side beam acquisition; Beam management in various scenarios; Downlink/uplink channel/signal design.
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Appendix

Table 2: Simulation assumptions
	Parameter
	Values

	Scenarios 
	UMi-Street Canyon

	Sectorization
	3 sectors per cell site: 30, 150 and 270 degrees

	BS antenna configurations
	Mg = Ng = 1; (M,N,P) = (10,1,1), dV = 0.5lambda 

	BS port mapping
	The 10 elements are mapped to a single CRS port

	BS antenna electrical downtilting
	102 degrees

	Antenna virtualization
	DFT precoding according to TR 36.897 with application of panning and tilting angles

	BS Tx power
	35 dBm

	Bandwidth
	100MHz

	MS antenna configurations
	Omnidirectional: 1 element (vertically polarized), 

	
	Directional: (M, N, P) = (2, 8, 1), 5.7dB Gain, 20dB Front to back, 90d 3dB beamwidth
2 panels pointing to opposite direction

	Handover margin (for calibration)
	0dB

	UE distribution 
	Following TR36.873 for 3D dropping

	UE attachment
	Based on RSRP calculation in TR36.873 for omni; Based on [6] for directional UE

	UE noise figure
	9 dB

	Fast fading channel
	Fast fading channel is not modelled

	O2I penetration loss
	50% low loss and 50% high loss

	Carrier Frequency
	30 GHz

	Wrapping method
	geographical distance based wrapping 





2/4
image3.emf
0 0.5 1 1.5 2 2.5

x 10

4

70

75

80

85

90

95

100

SF index

AOD

0 0.5 1 1.5 2 2.5

x 10

4

-30

-20

-10

0

10

SF index

ZOD

Tx beam case3


image4.emf
0 0.5 1 1.5 2 2.5

x 10

4

-100

-50

0

50

100

SF index

AOA

0 0.5 1 1.5 2 2.5

x 10

4

-50

0

50

SF index

AOZ

Rx beam case3


image1.emf
-180 -160 -140 -120 -100 -80 -60

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

PathlossdB

cdf

 

 

Omni UE

Directional UE


image2.emf
-60 -50 -40 -30 -20 -10 0 10 20 30

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

GeometrydB

cdf

 

 

Omni UE

Directional UE


