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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. Regarding the new RAT using above-6 GHz frequency band, analogue beam-forming (BF) technology is expected to be used. Unlike sub-6 RAT which has a high penetration ratio and omni-directional radiation pattern of the signal, the analog beam of new RAT (NR) has a direction and is transmitted sequentially. One of the most important issues in layer 2 on considering mmW system 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 Radio Link Failure detection in mmW systems
2.1 Radio Link Failure 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 in layer 1 can indicate the out-of-sync event or in-sync event to the higher layer. Based on this indication, layer 2 can determine the RLF. The initiation of layer 2 means that several operational indication such as RLC max retransmission trial or RACH failure itself can indicate RLF. Now introducing NR can affect to both 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 on RLM is called radio link problem in LTE terminology. We follow this terminology in this document.
2.2 Radio Link Problems detection for a NR of mmW band 
Since NR might have different reference signal design, downlink radio link monitoring operation for radio link problem detection might be modified. In the NR system using above-6 frequency band, analog BF is expected to be used for compensating the path loss. In that case, reference signal is carried in a specific TX beam from eNB at either different time or partially overlapped time, and therefore the measurement of this at UE should be done in a sequential manner. And this intrinsically incurs a delay of full measurement on whole TX-RX beam pair. 
The possible variation of assessing the radio link quality are on how to calculate the representative radio link quality using collective beam measurement results, and how long the measurement results can be taken in time for the evaluation, and what kind of combination method can be used for combining these time and space variations of beams. These variations are also dependent on the design of reference signal in the frame structure and beam management.
2.2.1 RS measurement source variations
In the frame structure, BRS (beam reference signal) slots might not occur frequent enough to get the sound statistics on beam quality since this can be regarded as a system overhead in the data throughput perspective. In other words, the number of measured value for each TX-RX pair might not be enough to assess the radio link quality due to the limited amount of RS for measuring. Therefore, there might need a compensation method for insufficient BRS situation. The other kinds of RS can be used or reused for beam measurement. 
As an example, RS in a scheduled beam or RS in common control channel region can be considered. The original objective of these RSs might not the genuine beam measurement, however to nourish the collection of measurement samples these RSs can be reused. Each RSs can have different property on being used as a measurement source. Please see the following Figure 1.- 2. 
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Figure 1BRS measurement
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Figure 2 BRS and RS in Scheduled beam

BRS might be fixed in the frame structure periodically. And every UE knows the position in the time and frequency domain. RS in a scheduled beam or RS in common control channel region can be varied for every TTI since these are scheduled like the scheduled UEs. BRS can have fairness for all UEs while other RS has unfair properties. However, if UE needs the enough measurement values and there is not much BRS slots, then using whichever RS is beneficial to the system performance.
2.2.2 Combining variation of detection metric

Using the RS source above mentioned, UE can calculate the out-of-sync (OOS) / or In-sync (IS) metric. Several different calculation methods can be considered. For example, averaging can be for 1TX-1RX beam pair or for 1TX-M RX beam pair. Each TX-RX beam pair might have a separate time average or all TX-RX beam pairs are merged into one metric. The averaging could be a simple average or a weighted sum method by considering the measured time. These calculated values will compared with a given threshold. 
Even the RS deployment itself might be RAN1 issue, how to cook those measurement results for the RLF operation is still the part of RAN2 i.e., adopting L3 filtering or not, on which beam pair combinations can be used for filtering, and the related parameters for filtering etc. 

2.3 Possible difference of RLM and RRM measurement

RRM measurement is used to identify the best cell to be camped on and to transmit/receive data to/from. Goal of this is considered as to find the best condition for the data transaction as fast as possible. Compared with this, RLM is a rather conservative procedure such as to find the cell good enough to be attached. Once UE determines to leave the serving cell, it needs the cost of reestablishing the RRC connection which means more UE power consumption and increased interruption time. Therefore, if the link quality of the serving cell is not so bad it is better to stay in that serving cell than to leave and attach to a new cell. 
The measurement source and combining method in RLM might be different with RRM in NR. For example, RRM might consider smaller number of effective beam pairs to find the best beam fast such as 1 or 2 while RLM might consider more beam pairs. The measurement duration for RLM may be longer than that of RRM. Still we don’t know the exact mechanism for beam feedback and tracking but let us assume that there is a case where beam tracking mechanism cannot cover a certain beam mismatch. In this case, RACH might be used for catching the appropriate beam again. The beam measurement for RRM might not consider the measurement values for this mismatching duration while RLM can consider the measurement values for this duration and also the number of RACH operation itself to judge the radio link problem (this might be done at layer 2).
3. Conclusion

In summary, RLF detection method will be different in terms of RS source design, combination method variation, and layer 2 beam management operation, all these aspects are incurred from introducing NR. Based on the above, RAN2 is requested to discuss and if possible agree on the following proposals:

[Proposal 1] RAN2 should study the radio link failure detection method for NR.

4. References
[1] RP-160671, New SID Proposal: Study on New Radio Access Technology
_1520830879.vsd
BRS


BRS


BRS


BRS


eNB TX


UE RX


...


Given time T


BRS


BRS


BRS


...


BRS1


BRS0


BRS2


BRS3


BRS4


...


BRS 11


...


...


eNB TX


BRS slot


UE RX



_1520352504.vsd
BRS


BRS


BRS


BRS


eNB TX


UE RX
(BRS)


...


Given time T


BRS


BRS


BRS


...


Scheduled


Scheduled


Scheduled


Scheduled


Scheduled


Scheduled


UE RX
(DATA sched.)



