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1. Introduction

In RAN #71 meeting, study item (SI) on new radio access technology (NR) was approved [1]. In this contribution, we discuss RRM measurement for mobility and beam procedure for analog beamforming.
2. Discussion

2.1. RRM measurement

Conventionally, mobility management is to support functionalities such as cell selection/reselection for UE in idle mode and handover (HO) for UE in connected mode. In this regard, the concept of cell should be clarified in NR system before discussing RRM measurement for mobility. NR system targets wide range of carrier frequencies including low frequency hand (e.g., 700 MHz, 2 GHz, and 4 GHz) and high frequency band (e.g., 30 GHz, and 70 GHz). For high frequency band above 6 GHz, hybrid beamforming which consists of digital beamforming with limited dimension and analog beamforming using analog phase shifter is mainly considered due to hardware limitation. Here, the relation between cell and analog beam should be determined. In our perspective, analog beam may not correspond to traditional concept of cell which can serve a UE for a long time duration since analog beam is a narrow beam which can be varied relatively fast in time according to channel fading and UE rotation. Therefore, analog beamforming can be regarded as one of scheduling scheme in a cell. In this contribution, we assume that a cell can consist of more than one transmission and reception point (TRP) having same cell ID and TRP can manage more than one analog beam as depicted in Figure 1.
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Figure 1. Example of network topology in NR
For RRM measurement for mobility, both of DL measurement using DL reference signal (RS) and UL measurement using UL RS can be considered. However, the latter one may not desirable due to limited coverage of UL and high battery consumption at UE. Hence, DL measurement at UE using DL RS for RRM measurement (i.e., RRM RS) which is transmitted from base station (BS) can be baseline RRM measurement scheme in NR. Then, UE can report the DL measurement to serving cell and network can be charge of HO decision. When analog beamforming is applied, the assistant use of UL measurement can be considered for RRM RS overhead reduction.
Proposal #1: DL measurement and reporting of UE using RRM RS transmitted from BS can be baseline for RRM measurement in NR.

Considering energy efficiency of network and interference reduction, RRM RS in NR may not transmitted in every TTI (e.g., subframe), unlike cell specific RS (CRS) in LTE. Then, it should be considered how to determine time resources (e.g., TTI) for RRM RS transmission. In general, RRM RS can be transmitted periodically or aperiodically. Though further discussions may be needed for the time when RRM RS can be transmitted, it would be beneficial to configure potential periodic time resources where RRM RS can be transmitted regarding in terms of UE complexity on RRM RS detection (e.g., detection of RRM RS from neighbour cells).
Proposal #2: Periodic time resource (e.g., TTI) for potential RRM RS transmission can be considered.

Furthermore, configurability on RRM RS resource can also be considered in the same context (i.e., energy efficiency of network and interference reduction). Simply, periodicity of RRM RS can be different for each cell. In this case, it should be clarified how UE can know RRM RS resource configuration of a cell. As an example, UE can detect system information containing RRM RS resource configuration for measurement cell or serving cell can indicate RRM RS resource configuration for measurement cell. One simple solution is to define default RRM RS resource configuration where potential RRM RS transmission for any cell can be expected. Then, UE can assume the default RRM RS resource configuration for any measurement cell. Once UE knows RRM RS resource configuration, it can measure and report for link quality on channel and long term interference. The RSRP, RSRQ and RSSI in LTE can be a starting point for RRM measurements in NR.
Proposal #3: If configurable RRM RS resource is supported in NR, it should be discussed how UE can know RRM RS resource configuration of a cell.

Proposal #4: RSRP, RSRQ, and RSSI in LTE can be a starting point for RRM measurements in NR.

In high frequency band above 6 GHz, there can be multiple analog beams in a cell due to application of hybrid beamforming. Accordingly, it should be considered how to define RRM measurements for a cell with multiple analog beams. Simply, UE can measure RSRP, RSRQ and RSSI per analog beam in a cell but this may require excessive UL resources for RRM measurement reporting. Hence, it would be more preferred that UE performs RRM measurement and reporting using only best beam per every single measurement occasion.
Proposal #5: It should be discussed how to define RRM measurements for a cell with multiple analog beams.
2.2. Beam procedure for analog beamforming
When hybrid beamforming (or analog beamforming) is applied and a cell has multiple analog beams, it should be determined for each UE that which of analog beams should be chosen for data serving of the UE. At initial access stage, BS can transmit synchronization signal with multiple analog beams and then UE may choose one of those beams and perform random access procedure corresponding to the selected analog beam. Based on the random access procedure, BS may be able to indicate one of analog beams as serving beam for a UE. In our companion contribution in [2], more considerations on initial access are described. For serving beam management, DL measurement and reporting of UE using analog beam specific RS can be considered as baseline similar to RRM measurement. However, DL measurement on analog beam can be performed within short time duration compared to RRM measurement regarding time varying property of analog beam.
Proposal #6: DL measurement and reporting of UE using analog beam specific RS from BS can be baseline for serving beam management when analog beamforming is applied in NR.

When UE has high mobility or discontinuous transmission is supported in NR, there can be a case where serving beam configured by BS is different from best analog beam at UE side. To solve this problem, serving beam recovery procedure should be supported. In other words, BS should be able to reconfigure serving beam when the best analog beam at UE side is changed. In the serving beam recovery procedure, UE can report DL measurement on analog beams to BS and BS can reconfigure serving beam based on the reporting. For the UE reporting on analog beam specific DL measurements, reporting can be triggered by specific condition at UE side (i.e., UE driven) or can be triggered by BS when serving beam recovery is needed.
Proposal #7: Serving beam recovery should be considered when analog beamforming is applied.
In addition, it can also be considered how to change serving beam in HO procedure (e.g., HO source cell to HO target cell). As a simple solution, serving beam in HO target cell can be determined after finishing HO procedure. However, it would be more desirable to determine serving beam in HO target cell during HO procedure to support seamless data transmission for the UE. As an example, UE can report analog beam specific DL measurement for HO target cell when UE performs random access procedure for the HO target cell.
Proposal #8: It should be discussed how to change serving beam in handover procedure when analog beamforming is applied.
3. Conclusion
In this contribution, we discussed RRM measurement and beam procedure in NR and the followings were proposed:
Proposal #1: DL measurement and reporting of UE using RRM RS transmitted from BS can be baseline for RRM measurement in NR.
Proposal #2: Periodic time resource (e.g., TTI) for potential RRM RS transmission can be considered.

Proposal #3: If configurable RRM RS resource is supported in NR, it should be discussed how UE can know RRM RS resource configuration of a cell.

Proposal #4: RSRP, RSRQ, and RSSI in LTE can be a starting point for RRM measurements in NR.

Proposal #5: It should be discussed how to define RRM measurements for a cell with multiple analog beams.
Proposal #6: DL measurement and reporting of UE using analog beam specific RS from BS can be baseline for serving beam management when analog beamforming is applied in NR.
Proposal #7: Serving beam recovery should be considered when analog beamforming is applied.
Proposal #8: It should be discussed how to change serving beam in handover procedure when analog beamforming is applied.
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