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1 Introduction
In RAN1#85, beam management procedures have been discussed and the following agreements were reached [1][2].

Agreements:
· Study beam (e.g. TRP beam(s) and/or UE beam(s)) management procedure (e.g. beam determination and change procedure) with/without prior acquired beam(s) information

-For both data and control transmission/receptions

-The procedures may or may not be the same for data and control

· Companies should state the assumptions on UE beamforming, if applied

-E.g. how many UE beams and UE beam patterns

In this contribution, a couple of issues on beam management procedures are addressed for the Multi-antenna scheme for NR.

2 Discussion
2.1 Frequency of beam reselection
In the multi-antenna scheme for NR, sharp beamforming can be provided from a TRP for the transmission of DL user data. This however requires the TRP to reselect the beam(s) when the UE has mobility. Therefore, in the beam reselection for the beam tracking, how frequently the beam reselection takes place is the major issue for the TRP.
Figure 1 illustrates the beamforming area around the UE when the TRP transmits data with a sharp beam. Tables 1, 2, and 3 provide the in-coverage time of the UE for different UE velocities, assuming that the UE moves from the beam center to the edge of the beamforming area. The beam radius is computed assuming that the TRP height is negligible compared with the distance between the UE and TRP, and the beam HPBW (half-power beamwidth) is 1 degree.
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Figure 1 Beamforming area
Table 1 In-coverage time (UE mobility = 30km/h, HPBW=1degree)
	Distance between
UE and TRP (m)
	Beam radius (m)
	In-coverage time
from beam center (ms)

	20
	0.17
	20.9

	40
	0.34
	41.8

	80
	0.69
	83.7

	100
	0.87
	104.6

	120
	1.04
	125.6


Table 2 In-coverage time (UE mobility = 120km/h, HPBW=1degree)
	Distance between
 UE and TRP (m)
	Beam
radius (m)
	In-coverage time 
from beam center (ms)

	20
	0.17
	5.2

	40
	0.34
	10.4

	80
	0.69
	20.9

	100
	0.87
	26.1

	120
	1.04
	31.4


Table 3 In-coverage time (UE mobility = 250km/h, HPBW=1degree ,highway (e)V2X scenario)
	Distance between UE and TRP (m)
	Beam radius (m)
	In-coverage time
from beam center (ms)

	50
	0.43
	6.2

	100
	0.87
	12.5

	150
	1.30
	18.8

	200
	1.70
	25.1

	250
	2.10
	31.4


From these tables, the following observations are obtained concerning the UE mobility:
Observation 1: Typical in-coverage time can be on the order of milliseconds.
Observation 2: In-coverage time becomes shorter as the distance between the UE and TRP becomes smaller.

For the latency-sensitive applications such as mission critical communications, reliable reselection of the beam can be the major concern because a single failure of reselection can result in a significant delay in the communication. 

Proposal 1: Robust high-frequency beam reselection should be studied for NR beam management.
2.2 UL RS resources
Design of UL RS resources is one of the important issues in the implementation of the beamforming. However, the frequent beam reselection will result in a large amount of UL RS resources. Therefore, for the efficient resource allocation, it should be desirable to limit as narrow bandwidth as needed. With such reduced bandwidth, the UL RS should be allocated as frequently as needed, to provide sufficient amount of resources periodically. These can be implemented with the current LTE specifications, where the UL RS can be configured depending on the bandwidth of the resources.

Proposal 2: The UL RS resources for the high-frequency beam reselection should be periodically allocated with a narrow bandwidth.
In the current LTE specifications, TRP transmits a UL RS request to the UE for aperiodic SRS. However, such request-base procedure will not be appropriate for the implementation of the beam reselection because it can significantly degrade the downlink throughput performance due to the need of the potential frequent updating.

Proposal 3: Resource allocation of UL RS should not be performed on a TRP request basis.
When the UL RS is allocated in the low-quality resources (low SNR and/or collision, etc.), there is a possibility that some undesirable events such as tracking failure of the beamforming happens. Since some applications such as mission critical communications can be critical for such events, some treatment should be considered for the robustness of the beamforming.
Proposal 4: RAN1 should study the resource allocations for the robust beam tracking.
2.3 Blocking
When a blocking occurs and the beam transmitted from the TRP is significantly degraded, the tracking of the beam may be lost abruptly. To combat this, multiple beams can be provided from the TRP so that they can propagate different paths to the UE (Figure 2). Here, the TRP needs to know both the UL channel information of the two paths. The UL RS in the beam group should be transmitted using orthogonal UL resources with each other (Figure 3) so that the TRP can distinguish the UL channel information. 

Proposal 5: Multiple beamformed UL RS resources should be transmitted using orthogonal resources.
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Figure 2 Downlink multiple-path beamforming
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Figure 3 Uplink multiple-path beamforming with orthogonal resources (RS1 and RS2).

3. 
Conclusions
In this contribution, the following observations and proposals are made:
Observation 1: Typical in-coverage time can be on the order of milliseconds.

Observation 2: In-coverage time becomes shorter as the distance between the UE and TRP becomes smaller.

Proposal 1: Robust high-frequency beam reselection should be studied for NR beam management.
Proposal 2: The UL RS resources for the high frequent beam reselection should be periodically allocated with a narrow bandwidth.

Proposal 3: Resource allocation of UL RS should not be performed on a TRP request basis.

Proposal 4: RAN1 should study the resource allocations for the robust beam tracking.

Proposal 5: Multiple beamformed UL RS resources should be transmitted using orthogonal resources.
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