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Discussion/Decision
1 Introduction
In the 5G new radio interface operating in mmWave frequency bands, all the mobility-related procedures of LTE should be reconsidered from the perspective of beams. Especially, it is required to carefully investigate the effects of the beams on measurements, which are performed by a UE for various purposes (e.g., cell addition/deletion and handover). In this context, we will review the LTE measurements and clarify what we need to study for supporting the beam measurements and tracking in 5G.
2 Discussion on RRM Measurement
2.1  Measurements in mmWave Frequency Bands
In LTE, CRS (cell-specific reference signal) is transmitted by an eNB via an omni-directional beam or a wide beam that covers a whole sector. It is delivered in every subframe and all the UEs served by the same cell measure the same CRS. The CRS measurement results can be used for various operations including cell addition/deletion and handover (from the higher layer perspective).

On the other hand, in the 5G new radio interface operating in higher frequencies than 6 GHz, something like beam-specific reference signal (BRS) may replace the role of the CRS in LTE. It is expected that the BRS is transmitted via a highly directional beam to overcome significantly large propagation loss of the wireless signal in these frequency bands. Then, each of the UEs that are distributed in the 5G Node-B’s coverage may receive the BRS(s) transmitted via different beam(s). Using the BRS measurement results, the 5G Node-B and UE perform not only cell addition/deletion and handover, but also beam selection/switching. This means that the role of the BRS in 5G can be divided into two parts: one is to support the conventional operations performed by the CRS measurement in LTE and the other is to support new features in 5G. As a result, it is required to define the BRS measurement and the related operations based on such categorization.
Observation 1: BRS in 5G should be used to support the conventional operations (e.g., cell addition/deletion and handover) performed by using CRS in LTE. In addition, it should also be used to support new features (e.g., beam selection/switching) in 5G.
2.2  Measurement Types
As we discussed, the main purposes of the beam measurement in 5G are (i) to select the best beams of a UE and its serving 5G Node-B, which can be used for control signaling and data communication, and (ii) to measure the signal strength (or quality) received from not only the serving 5G Node-B but also neighbour 5G Node-Bs. As a result, it is natural to categorize the beam measurement in 5G as follows.
1 Beam measurements: A UE receives BRS in order to measure the quality of a wireless link formed by the 5G Node-B’s Tx beam and the UE’s RX beam.
2 Intra-frequency neighbour cell measurements: Neighbour cell measurements performed by a UE are intra-frequency measurements when the current and target cells operate on the same carrier frequency. The UE shall be able to carry out such measurements without measurement gaps.
3 Inter-frequency neighbour cell measurements: Neighbour cell measurements performed by a UE are inter-frequency measurements when the neighbour cells operate on a different carrier frequency compared to the current cell. The UE should not be assumed to be able to carry out such measurements without measurement gaps.
Note that the intra-/inter-frequency neighbour cell measurements are based on the beam measurement above.

In LTE, a UE performs the inter-frequency neighbour cell measurements during the pre-defined measurement gap, in which the serving eNB does not schedule that UE. Discussion on how to define the measurement gap and the related operations of the UE and the 5G Node-B are also required in 5G.

Observation 2: The measurements in 5G can be classified into beam measurements, intra-frequency neighbour cell measurements, and inter-frequency neighbour cell measurements. The operations of the 5G Node-B and the UE should be defined for each measurement type.

2.3  Measurement Model

The measurement model adopted in LTE seems to be very general so that it is also applicable to 5G with some modification [1]. This model is shown in Fig. 1.
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Figure 1. Measurement model adopted in LTE
· 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: Measurement report information (message) sent on the radio interface.
On the basis of the above framework, beam-based operations should be added to the layer 1/3 filtering and the points A, B and C. Remind that a 5G Node-B transmits BRS in a beamformed manner. In addition, a UE also receives the BRS in a beamformed manner. An example of the beamformed BRS transmission and reception is illustrated in Fig. 2. Consequently, when the UE performs the layer 1/3 filtering, such a beam-based measurement should be considered.
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Figure 2. Beam-based layer 1/3 filtering in 5G
Observation 3: We can discuss the measurement model in 5G on the basis of that in LTE. Moreover, the layer 1/3 filtering performed by the UE should be modified considering the beam measurements.
2.4 Measurement Report
In Section 2.4, we explained the measurement model with the beam-based layer 1/3 filtering. It is also required to discuss when and how to trigger the measurement report based on this model. The UE can trigger the measurement report using the metric derived from the output of the beam-based layer 1/3 filtering. Basically, we can use one of the following metrics for this purpose.

· The RSRP of the best beam

· The average RSRP of the N-best beams
· The average RSRP of the beams whose RSRP is greater than a threshold

· Other metric can also be considered.

In addition, the measurement report triggering events adopted in LTE seem to be very general so that it is also applicable to 5G with some modification [2]. They are listed as follows.
· Event A1: Serving becomes better than threshold.
· Event A2: Serving becomes worse than threshold.
· Event A3: Neighbour becomes offset better than PCell/PSCell.
· Event A4: Neighbour becomes better than threshold.
· Event A5: PCell/PSCell becomes worse than threshold1 and neighbour becomes better than threshold2.
· Event A6: Neighbour becomes offset better than SCell.
Further discussion on how to make these events more suitable for 5G is required.
Finally, when the UE sends the measurement report to the serving 5G Node-B, it can be considered to include not only the measured cell information (e.g., physical cell ID) but also the measured beam information (e.g., beam ID). To support this, we need to clarify how the measured beam information is utilized by the serving 5G Node-B.

Observation 4: It is required to discuss when and how to trigger the measurement report in 5G under the consideration of the beam measurement.
3 Discussion on Beam Tracking

Apart from the handover based on RRM measurement, a 5G UE should be able to adapt the serving beam to maintain 5G connectivity subject to beam quality fluctuation or UE intra-cell mobility. In order to do that, 5G Node-B and UE should be able to track and change the serving beam properly. Such beam tracking consists of the following procedures: 

1.  BRS Measurement: The BRS measurement is of type 1 from section 2.2, which is to select the serving beam by comparing beam qualities.
2.  Beam Feedback: The UE’s beam information shall be delivered to 5G Node-B, so called beam feedback, for proper serving beam (re)selection. Compared to RRM measurement and report with longer time scale, the beam feedback should have sufficiently short periodicity with proper filtering to track available beams. Since those available beams may be dynamically changed due to UE intra-cell mobility, the periodicity should be decided properly accordingly. This procedure can be supported by both physical and/or medium access layers. 
3.  Beam Recovery: Even with the periodic beam feedback, sudden beam quality degradation may incur to fail of beam tracking procedure. When the serving beam of each UE is unavailable in that scenario, there is high probability to find alternative beam unless the UE is out-of-coverage of the serving cell. To recover the serving beam before releasing RRC connection, 5G system should support fast beam recovery procedure which can be triggered by feedback failure. 
4.  Beam Alignment: If the serving beam is conditioned to be changed by the beam feedback/recovery procedure, it is essential for 5G Node-B and UE to have the same understanding when control channels will be scheduled with the changed beam. 
Observation 5: It is required to study further for intra-cell beam tracking on the identified key procedures including beam measurement, beam feedback, beam recovery and beam alignment, considering the characteristics of analog beamforming .
Proposal: RAN2 should consider the beam measurement and tracking for the 5G new radio interface in higher frequency bands.
4 Conclusions
Observation 1: BRS in 5G should be used to support the conventional operations (e.g., cell addition/deletion and handover) performed by using CRS in LTE. In addition, it should also be used to support new features (e.g., beam selection/switching) in 5G.
Observation 2: The measurements in 5G can be classified into beam measurements, intra-frequency neighbour cell measurements, and inter-frequency neighbour cell measurements. The operations of the 5G Node-B and the UE should be defined for each measurement type.

Observation 3: We can discuss the measurement model in 5G on the basis of that in LTE. Moreover, the layer 1/3 filtering performed by the UE should be modified considering the beam measurements.
Observation 4: It is required to discuss when and how to trigger the measurement report in 5G under the consideration of the beam measurement.
Observation 5: It is required to study further for intra-cell beam tracking on the identified key procedures including beam measurement, beam feedback, beam recovery and beam alignment, considering the characteristics of analog beamforming .
Proposal: RAN2 should consider the beam measurement and tracking for the 5G new radio interface in higher frequency bands.
A text proposal for the TR is provided in Annex A. 
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Annex A: Text proposal for TR

X.X. Beam Management
X.X.1. Overview

In the 5G new radio interface operating in the mmWave frequency bands, beam management procedures are required for not only cell addition/deletion and handover but also beam selection/switching. For this purpose, the followings should be supported.

1)  Beam measurement
2)  Beam tracking
…
X.X.2. Beam Measurement
The beam measurement is for handling the RRM measurement of analog beams and 5G cells. 

With the beam measurement results, mechanisms could be available for determining the best 5G cells and serving beam for the UE: 
· Measurement types
· Measurement model
· Measurement report
· …
X.X.3. Beam Tracking
The beam tracking is for handling the serving beam of the UE within the serving 5G cell. 

With the beam tracking, mechanisms could be available for feedback and (re)selection of the serving beam for the UE:
· Periodic beam feedback 
· Aperiodic beam recovery
· Beam alignment
· …
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