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Introduction
At the high frequency bands, the UE antenna implementation is different from that for the low frequency bands. At the RAN1 #85 meeting [1], the following UE antenna models have been agreed. Agreements on UE antenna modelling:
· For UE with (Mg, Ng) directional antenna panels.
· Introduce (Ωmg,ng, Θmg,ng) for orientation of the panel (mg, ng), 0≤mg<Mg, 0≤ng<Ng,  where the orientation of the first panel (Ω0,0, Θ0,0) is the same as UE orientation, Ωmg,ng is the array bearing angle and Θmg,ng is the array downtilt angle defined in [TR 36.873].
· For NR MIMO evaluation: 
· Config 1: (Mg, Ng) = (1, 2); Θmg,ng=90; Ω0,1=Ω0,0+180; (dgH, dgV)=(0,0)
· Config 2: (Mg, Ng [image: ]) = (1, 4); Θmg,ng=90; Ω0,1=Ω0,0+90; Ω0,2=Ω0,0+180; Ω0,3=Ω0,0+270; (dgH, dgV)=(0,0)
· Other configurations can have panel specific position offset (dgH, mg, ng, dgV, mg, ng). Note in this case the notation of (Mg, Ng[image: ]) does not leads to rectangular shape.
· UE orientation for mobile device (Ω0,0, Θ0,0)=(U(0,360), 90); UE orientation for customer premise equipment (CPE) can be optimized 
· Each antenna array has shape dH=dV=0.5λ
· Config 1 can be used with config a/b; Config 2 can be used with config c/d/e
· Config a: (M, N, P) = (2, 4, 2), the polarization angles are 0 and 90
· Config b: (M, N, P) = (4, 4, 1) , the polarization angle for even panel is 0 and for odd panel is 90
· Config c: (M, N, P) = (2, 2, 2), the polarization angles are 0 and 90
· Config d: (M, N, P) = (2, 4, 1) , the polarization angle for even panel is 0 and for odd panel is 90
· Config e: (M, N, P) = (1, 4, 2), the polarization angles are 0 and 90
· FFS: Other configurations, e.g. (M, N, P) = (4, 4, 2) or (M, N, P) = (4, 8, 1) can be considered for 70GHz band, without exceeding the limit on the maximum number of UE antenna elements
· The antenna elements of the same polarization of the same panel is virtualized into one TXRU
· FFS: one TXRU can connect to different subarrays dynamically
· Note: The channel coefficients for each UE panel can be generated using spatial channel model
· Companies should describe the method used for TRP association with UE-side beamforming

In this contribution, we provide initial performance evaluation results to investigate the impact of UE antenna implementation on the system performance, using the RSRP and DL SINR distribution as performance metrics.
Investigation on UE RX Beamforming
In order to fully understand the high frequency band channel characteristics and establish a comprehensive model for NR performance evaluation, a channel model study item [2], i.e., study item on channel model for frequency spectrum above 6 GHz was established at the RAN #69 meeting and related RAN1 development work started from the RAN1 #84 meeting. Until the RAN1 #85 meeting, a set of channel models has been developed which enable the evaluation of high frequency bands (in the range of [6, 100] GHz) in multiple scenarios, e.g., indoor office, UMa, UMi, etc. In this contribution, we use this high frequency channel model to perform the evaluations. 
With the TXRU virtualization at the UE side, it is beneficial to consider an updated RSRP calculation scheme, based on the RSRP calculation model specified by equations in Section 8.1 of TR 36.873 [3]. At the RAN1 # 85 meeting, the following RSRP calculation equations are proposed in [4]. 

Where for NLOS path for n=1,…,N
and for LOS path
,
where:




 is the complex weight applied to RX antenna r of RX antenna port u on a panel.
Compared to the RSRP calculation model defined in 36.873, which only captures the TXRU virtualization at the BS side, the RSRP calculation model captures the TXRU virtualization at both the BS side and the UE side. Therefore, it beneficial to use the new model to evaluation cell association and obtain RSRP statistics.
Proposal 1: Adopt the RSRP calculation equations in [4] for cell association with UE RX beamforming.
One potential issue with the direction UE antenna panel is the coverage. A single panel cannot ensure the omni-directional reception of the signals from the BS. Therefore, two-panel and four-panel UE antenna array models were proposed.
To investigate the impact of UE RX beamforming on system performance, we consider the following UE antenna panel assumptions for comparison:
Case 1: two panels, i.,e., (Mg, Ng) = (1, 2); Θmg,ng=90; Ω0,1=Ω0,0+180; (dgH, dgV)=(0,0); (M, N, P) = (2, 4, 2), the polarization angles are 0 and 90;
Case 2: four panels, i.e., (Mg, Ng [image: ]) = (1, 4); Θmg,ng=90; Ω0,1=Ω0,0+90; Ω0,2=Ω0,0+180; Ω0,3=Ω0,0+270; (dgH, dgV)=(0,0); (M, N, P) = (2, 2, 2), the polarization angles are 0 and 90.
We consider the following UE RX beamforming schemes:
Scheme a: fixed RX beamforming using DFT weights to the panel orientation/tilting direction;
Scheme b: RX beam sweeping with DFT weights, wherein an oversampling factor of 2 is assumed for beam sweeping.
In multi-panel cases, we assume that each UE will choose the panel with best RSRP for cell association and signal reception. At the BS side, we assume beam sweeping with over-sampling factor of 2. 
According to the latest NR evaluation assumptions [1], we consider a UMa scenario with 30GHz carrier frequency. Evaluation results of the RSRP and DL SINR CDF curves are depicted in Figure 1.
 [image: ][image: ] 
Figure 1: Comparison of RSRP and SINR performance with/without UE beam sweeping.
From the evaluation results, it can be observed that applying RX beam sweeping may improve the performance.
In order to let the BS and UE make a correct TX and RX beam association, a specific TX/RX beam sweeping protocol may be needed. One exemplar implementation is that the BS sweep the TX beams for multiple times. Each time the UE receive the beam sweeping reference signal with different TX beams. Such a TX/RX beam sweeping/association protocol may require specific frame structure design. RAN1 shall study the requirement beam sweeping instances so as to design the frame structure.
Proposal 2: Further evaluation is needed to determine the required TX/RX beam sweeping/association procedure.
After the initial association of the BS TX/RX beams and UE RX/TX beams, each UE shall maintain the beam association. Several factors may impact the beam maintenance, due to UE rotation, UE movement or dynamic blockage, e.g., human body, vehicle or other moving objects. These are illustrated in Figure X. It is also possible that a UE may refine its beam selection regularly or in an on-demand fashion. In these cases, a procedure is needed for the BS and the UE to reselect the most appropriate TX/RX beams. Such a procedure may be different from the initial beam association, in terms of required RS, latency, etc. And it shall be designed to minimize the impact to the ongoing transmission.
[image: ]
Figure X: Requirement of beam maintenance.
Proposal 3: A beam tracking/refinement/update procedure shall be defined in NR.
Summary
In this contribution, we discuss and compare UE beamforming schemes, based on the UE antenna array and TXRU models agreed at the RAN1 #85 meeting. The following are proposed.
Proposal 1: Adopt the RSRP calculation equations in [4] for cell association with UE RX beamforming.
Proposal 2: Further evaluation is needed to determine the required TX/RX beam sweeping/association procedure.
Proposal 3: A beam tracking/refinement/update procedure shall be defined in NR.
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Appendix
[bookmark: _Ref394499956]Table A: Evaluation assumptions
	Parameter
	Values

	Scenarios
	UMa

	Carrier Frequency
	30 GHz

	Bandwidth
	100 MHz 

	BS Tx power
	43 dBm

	BS antenna configurations
	M=4, N=8, P=2, Mg=2, Ng =2, dH = dV = 0.5λ, dH,g= 4λ dV,g=2λ

	BS TXRU mapping
	A single TXRU is mapped per panel per polarization

	MS antenna configurations
	M=2,N=4,P=2, Mg=1, Ng =2, dH = dV = 0.5λ, dH,g=dV,g=0λ, or 
M=2,N=2,P=2, Mg=1, Ng =4, dH = dV = 0.5λ, dH,g=dV,g=0λ

	UE distribution 
	100% out door

	UE attachment 
	Based on RSRP (formula) from CRS BS port 0

	Polarized antenna modelling
	Model-2 in TR36.873

	UE array orientation
	ΩUT,a  uniformly distributed on [0,360] degree, ΩUT,b = 90 degree, ΩUT,g = 0 degree

	UE antenna pattern
	Directional
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