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1 Introduction

One of objective of RAN#71 approved New RAT SID [1] is to consider frequency ranges up to 100 GHz 
[TR 38.912].  
In order to overcome the larger path loss of such high frequency ranges, beamforming with directional antenna gain is considered as a solution of high frequency new RAT (HF-NR) [2][3][4][5].
As a first step to utilize such beamforming in HF-NR, different levels of mobility (beam and cell) [5] and related beam measurement and tracking overview [6] are introduced.
For RAN2#94, the following agenda is captured in [7]. 

	9.5
Mobility

9.5.1
Intra NR RAT

Including consideration of different levels of mobility ('beam' and 'cell'), impacts on protocols of each level, etc


In this contribution, we discuss use cases of possible beam changes in the high frequency intra NR RAT consisting of beamforming with directional antenna gain, and take more detailed look at the required beam tracking procedures and related RAN2 issues.
2 Discussion
2.1 Beam change use cases in a beamforming based HF-NR cell
In a HF-NR system consisting of beamforming with directional antenna gain, the best beam for communication may be changed among time, due to the channel fluctuations, unexpected obstacle interruptions, and/or UE mobility. Therefore, in order to maintain connectivity, 5G TRP/Node-B and UE should be able to track and change the scheduling beam properly. 
· TRP: physical location transmission/reception of radio signals. One cell can use one or more TRP’s
Possible beam change use cases of a UE in the intra-cell HF-NR system are as follows:

Table 1. Beam change cases in the intra-cell HF-NR system
	Intra-cell
	TRP
	#
	TRP/Node-B 
beam changed
	UE
beam changed
	Note

	
	Intra-TRP
(or Node-B
if no TRP)
	①
	X
	X
	Maintains the current scheduling beam pair

	
	
	②
	O
	X
	Change the TRP/Node-B scheduling beam

	
	
	③
	X
	O
	Change UE beam 
※ For DL, feedback may not be needed if TRP only needs to know the TRP beam for scheduling (FFS).

	
	
	④
	O
	O
	Change both TRP/Node-B beam and UE beam

	
	Inter-TRP
	⑤
	O
	O
	Change TRP, TRP scheduling beam, and
UE beam (if changed)
※ inter-TRP = TRP beam is changed.

	
	
	
	O
	X
	


※ Note that the above beam change may be considered on both downlink and uplink beams, with different measurement and feedback entity (for DL, UE, and for UL, TRP/Node-B).
Figure 1. shows examples of the above use cases
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Figure 1. Various examples of use cases of intra HF-NR cell beam change
Since all the above use cases may occur in HF-NR, the beam tracking should be designed considering all the use cases.
Proposal 1: In HF-NR, intra cell beam measurement should be designed considering all the use cases in the Table 1.
2.2 RAN2 Issues in Intra HF-NR cell beam tracking
In this subsection, we take a close look at the intra HF-NR cell beam tracking and distinguish possible RAN2 issues.
In RAN2, when and how to measure, select, and change the beams should be studied for proper beam tracking.
2.2.1 Measurements for Beam Tracking (Tracking Measurements)
This tracking measurement is distinguished with the measurements for inter-cell mobility, so called measurements for RRM (RRM measurements). Tracking measurements is to measure the quality of a wireless link formed by the 5G TRP’s Tx beam and the UE’s RX beam. 
Compared to RRM measurement, tracking measurement should have sufficiently short periodicity with proper filtering to track the available beams.
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Figure 2: Measurement models for RRM and Beam Tracking in HF-NR
The RRM measurement model adopted in LTE seems to be very general so that it is also applicable to 5G with some modification [6][8]. This model is shown in Fig. 2.

· A: Measurements (samples) internal to the physical layer.

· Layer 1 filtering: Internal layer 1 filtering of the inputs measured at point A. Exact filtering is implementation dependent.

· B: A measurement reported by layer 1 to layer 3 after layer 1 filtering.

· Layer 3 filtering: Filtering performed on the measurements provided at point B.

· C: A measurement after processing in the layer 3. This measurement is used as input for one or more evaluation of reporting criteria.

· Evaluation of reporting criteria: This checks whether actual measurement reporting is necessary at point D.
· D: RRM measurement report information (message) sent on the radio interface.
The proposed tracking measurement model for intra cell HF-NR utilizes L1 filtering output for faster beam tracking.

· B’: Tracking measurement report information (message) sent on the radio interface.
With the measured beam information, the measurement entity can be able to compare and distinguish beam pairs to find a proper beam (or beams) for communication. If the scheduling beam pair needs to be changed, the measurement entity should be able to feedback the measurement results. 

Observation 1: In HF-NR, for intra cell beam measurement, RAN2 should define the measurement model for proper beam selection and tracking.

2.2.2 RAN2 issues for Beam Feedback, Recovery, and Change
In general, the design of a feedback channel and scheduling method are RAN1 issues. 

However, there are RAN2 related issues for discussion. 

Like LTE handover procedure, in order to change the scheduling into the new best beam, beam feedback can be transmitted using a scheduled resource on the scheduling beam (currently using beam). Nevertheless, since we consider beamforming with directional gain, there can be a beam misalignment  due to sudden channel fluctuations, unexpected obstacle interruptions, and/or UE mobility.
Beam misalignment means that the current scheduling beam pair becomes unavailable (becomes worse). With DL beam misalignment, UE cannot decode any DL signal, and with UL beam misalignment, TRP cannot decode any UL signal from the UE. If assuming channel reciprocity, when the scheduling beam is misaligned, both DL and UL transmissions are unavailable.
When the beam is misaligned, only the measurement entity (for DL, UE and for UL, TRP) knows the qualities of all the beams and whether there exists any alternative beam for communication.
Hence, to overcome such beam misalignment and reset the scheduling beam, measurement based beam recovery operations should be studied in RAN2. 
If there is no such beam recovery operations, the UE will go through radio link failure (RLF), despite there is an alternative (available) beam for communication. 
Observation 2: In HF-NR, for intra cell beam measurement, RAN2 should study measurement based beam recovery operations to overcome a sudden beam misalignment.

With the successful beam feedback (or beam recovery), it is essential for 5G Node-B and UE to have the same understanding when and how control channels will be scheduled with the changed beam/TRP.
Observation 3: In HF-NR, for intra cell beam measurement, RAN2 should study when and how control channels will be scheduled with the changed beam/TRP.
3 Conclusion

RAN2 is requested to discuss and if possible agree on the following proposals:

Proposal 1: In HF-NR, intra cell beam measurement should be designed considering all the use cases in the Table 1.

Observation 1: In HF-NR, for intra cell beam measurement, RAN2 should define the measurement model for proper beam selection and tracking.

Observation 2: In HF-NR, for intra cell beam measurement, RAN2 should study measurement based beam recovery operations to overcome a sudden beam misalignment.
Observation 3: In HF-NR, for intra cell beam measurement, RAN2 should study when and how control channels will be scheduled with the changed beam/TRP.
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