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Discussion
1
Introduction
Related to multi-antenna schemes, the following agreement was reached in 3GPP RAN1#86[1]:

	Agreements:
· The following DL L1/L2 beam management procedures are supported within one or multiple TRPs:

· P-1: is used to enable UE measurement on different TRP Tx beams to support selection of TRP Tx beams/UE Rx beam(s)

· For beamforming at TRP, it typically includes a intra/inter-TRP Tx beam sweep from a set of different beams

· For beamforming at UE, it typically includes a UE Rx beam sweep from a set of different beams

· FFS: TRP Tx beam and UE Rx beam can be determined jointly or sequentially


In this contribution the system-level performance of TRP Tx beamforming is evaluated with different sweeping sub-frame periodicities and antenna panel configurations. A dynamic system-level simulator is used in order to model the UE movement within the network. This also allows us to study the impact of UE velocity on the analog beam selection.

2
Initial System-Level Performance Investigation
An important aspect of the beam management is the periodicity of transmitting sweeping sub-frames containing reference symbols used for beam identification. The sweeping subframe configuration is a critical entity as it delivers the control plane over the transmitted narrow beams scanning the sector. Hence the beamwidth used in the sweeping subframe, and the subsequent amount of beams configured inside, are governing the best beam acquisition time. In connected state, the UE measures the strength of TRP beams of the serving cell, and feeds back such measurement results to the TRP. Based on the UE feedback, the TRP determines the serving TRP beam(s) for the UE. The procedure comprises updating a set of beams that can be used to serve the UE over time.
Setup configuration

The intention in this setup was to get the picture of UE geometry (G factor [dB]) with respect to the sweeping sub-frame periodicity (5 and 40 ms considered) and UE mobility (3, 30, 60, 120 km/h). Two types of array setups have been used, a single panel array with the configuration (4,8,2,1,1) with 1 TXRU and a Four-panel array (4,8,2,2,2) with 4 TXRU. The single panel is creating 1 beam per sweeping symbol and the sweeping subframe has a total of 32 symbols, while the multi panel is creating 4 beams per sweeping symbol and the sweeping subframe has a total of 32 symbols. In other words, same beams were transmitted from all four panels. In this simulation setup a Grid-of-Beams approach is adopted in which the best beam based on the received power is selected. All these are summarized in below table:
Table 1: array and sweeping subframes configuration

	Array type
	Array configuration
	Total number of TXRUs per array
	Amount of beams per symbol
	Total amount of beams per sweeping subframe
	Amount of sweeping symbols

	Single panel array
	(4,8,2,1,1)
	1 TXRU
	1
	32
	32

	Four-panel array
	(4,8,2,2,2)
	4 TXRU
	4
	128
	32


System-level simulations

In Figures 1 we depict the UE geometry for the cases mentioned above. We note that the only impacts are coming at the cell edge where higher velocity UEs are not always associated to the best beam. The number of panels does not affect the geometry in this case since the beamforming gain is same for both array configurations. 
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Figure 1: Geometry based on slow faded reference signal measurements [dB]
In Figure 2, the effect of BRS sweeping sub-frame interval is presented for UEs moving at 60 km/h. Four-panel configuration provides SINR gains over single panel configuration in the high end of the distribution especially when the BRS sub-frame sweeping period is 5 ms. SINRs are degrading considerably if the sweeping sub-frame interval is increased to 40 ms. 
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Figure 2 SINR CDF at UE mobility of 60 km/h, BRS sweeping interval varied 
We are also interested to see how long a selected beam is valid for UE if the BRS sweeping sub-frame is transmitted every 5 ms. In other words, we want to study how often UE finds that it is better to change the beam rather than keep it when the beam selection is re-evaluated. We can see in Figure 3 that 95 percent of the beam variations take place within 5 ms. It should be pointed out that the beam selection was based on unfiltered RSRP values that are prone to high variations due to fast fading. Moreover, no RSRP margin was used which may have contributed to frequent changes in beam selection. Obviously, the duration of beam validity is proportional to the beam width and inversely proportional to UE mobility. However, it is also proportional to the distance between TRP and UE, i.e., the inter-site distance. 
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Figure 3 Beam validity time duration
Observation 1: For 95 percent of the time the validity of a selected analog beam is 5 ms or less if UE is moving at 60 km/h. 
Observation 2: The BRS sub-frame periodicity merits further studying due to diverse requirements with regard to mobility, antenna configurations and deployment scenarios.
3
Conclusions
Observation 1: For 95 percent of the time the validity of a selected analog beam is 5 ms or less if UE is moving at 60 km/h. 
Observation 2: The BRS sub-frame periodicity merits further studying due to diverse requirements with regard to mobility, antenna configurations and deployment scenarios.
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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) = (4,8,2,2,2), (dV,dH) = (0.5, 0.5) λ

	Inter-panel calibration
	Ideal

	Inter-panel distance
	 (dg,V,dg,H) = (2, 4) λ

	BS TXRU mapping
	Single TXRU is mapped per panel and is connected to both polarizations (1 or 4 TXRUs in total depending on the number of panels)

	Downtilt
	90 degrees

	Analog codebook
	DFT-based, no oversampling. Direction of beams [-60, 60] degrees in azimuth domain and [100, 160] degrees in zenith domain.

	UE antenna config.
	2-Rx, X-pol, omni-directional

	UE #
	10 users per TRP

	Mobility model
	Macro: Outdoor only [3, 30, 60, 120 km/h]

	CSIT
	Ideal channel reciprocity (after beam selection)

	BF scheme
	Analog, one beam selected 

	Analog BF selection interval
	[5, 40] ms


