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1 Introduction

RAN#71 in March approved a 5G SID [1]. An initial aspect of this SID is for RAN2 to study/agree on the interworking of LTE and new RAT (NR). Regarding NR using above-6 GHz frequency band, analogue beam-forming (BF) technology is expected to be used. Unlike sub-6 NR which has a high penetration ratio and omni-directional radiation pattern of the signal, the analog beam of High Frequency NR (HF NR) has a direction and multiple beams will be transmitted sequentially (or simultanesously) to cover TRP’s or cell’s coverage (i.e., not the case where single analog beam can cover the whole coverage area). One of the most important issues in layer 2 in HF NR might be beam measurements since maintaining a sound radio link between UE and cell should be based on the sound measurement method. In this contribution, we discuss on how to determine Radio Link Failure considering beam management.
2 RLF framework in HF NR systems
2.1 RLF causes
Current LTE has the mechanism to declare the RLF in the UE initiated either from layer 1 or 2. The initiation from layer 1 means that CRS (cell reference signal) measurement result in layer 1 is used to indicate the out-of-sync event or in-sync event to the higher layer. Based on this indication, layer 3 (RRC in detail) can determine the RLF. The initiation of layer 2 means that several operational indications such as RLC max retransmission trial or RACH failure events are used to declare RLF at layer 3. Or there is an implicit RLF detection when handover is unsuccessful during a given time. Now introducing NR can affect to these cases. Note that in the case of initiation from layer 1, measurement of reference signal is called radio link monitoring (RLM), and the problem of the link found during RLM is called the physical layer problem in LTE terminology. We follow this terminology in this document.
In the big picture RLF consists of detection of problem in L1 and L2 independently. The goal of RLF detection is to let UE out of link go to the initial state and reconnect to the network again so that network can control the UE again. With this in mind, we list up the possible variations to affect the RLF detection.

2.2 L1 problem detection 
In LTE, the physical layer problem can be identified per cell unit. However, since NR (especially HF NR) might use the analog beams to connect to UE, physical layer problem indication can be made different with that of LTE. 

The most of the RS measuring operation has been in physical layer so far due to its convenience of data (measured values) transaction and operating time scale. Still the merit of having this function in PHY would be valid for even beamforming system. In HF NR case, since analog beams might be multiple, and the measurement of the beam related reference signals for each beam must be frequent compared to other higher layer operation, the calculation for the evaluation on out-of-sync (OOS) or in-sync (IS) is also computationally heavy and thus, not preferred to be done at higher layer. Moreover, it seems very costly that PHY informs RRC of the actual measured values per every measurement interval not Boolean indication. Therefore, it looks straightforward that the measuring the beam strength and calculation of measured values for the OOS/IS indication is done at physical layer, and the indication is transferred to the RRC for finally RLF determination.
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Figure 1. Lower layer indication to L3 for RLF determination in HF NR.

However, there are several variations on which this indication is going through MAC or not. As discussed in RAN1, there might be a procedure called beam failure recovery which is the MAC initiated operation. For detail operation of beam recovery in MAC, please refer [2]. The RRC indication through MAC might be transferred as soon as MAC receives OOS/IS from PHY or MAC might deliver this indication after its recovery operation. Please see the companion contribution [3].

Regardless of the MAC layer details, RRC should be indicated by lower layer anyhow. Therefore, we can obtain as the following proposal. 

Proposal 1. W.r.t RLM, RRC will receive some lower layer indication on in-sync/out-of-sync. 
3. Conclusion

Based on observations, we can conclude as the following proposals.
Proposal 1. W.r.t RLM, RRC will receive some lower layer indication on in-sync/out-of-sync. 
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