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1	Introduction
3GPP RAN Plenary #79 agreed with the way forward on CSI-RS requirements as follows [1]. 
	· In addition to SSB based RLM/RRM requirements, RAN4 will define the following CSI-RS requirements in Rel-15 
· CSI-RS based beam management requirements 
· CSI-RS based RLM requirements
· Progress and completion of the work on requirements (considering both SSB based and CSI-RS based measurements) will be prioritized in the following manner:
· Priority 1: SSB based RLM/RRM 
· Priority 2: CSI-RS based RLM, CSI-RS based beam management requirements 
· Priority 3: CSI-RS based RSRP, RSRQ, and RS-SINR measurement (RAN4 will first target completion of priority 1 and 2 before June 2018.)



As shown in the way forward, it is agreed that the CSI-RS based beam management requirements are the scope of Rel-15. This contribution discusses the CSI-RS based beam management requirements accordingly.
2	Discussion
2.1	Beam management
3GPP study report on new radio access technology defines the beam management as follows [2]:
· Beam management: a set of L1/L2 procedures to acquire and maintain a set of TRxP(s) and/or UE beams that can be used for DL and UL transmission/reception, which include at least following aspects:
· Beam determination: for TRxP(s) or UE to select of its own Tx/Rx beam(s).
· Beam measurement: for TRxP(s) or UE to measure characteristics of received beamformed signals
· Beam reporting: for UE to report information of beamformed signal(s) based on beam measurement
· Beam sweeping: operation of covering a spatial area, with beams transmitted and/or received during a time interval in a predetermined way.
According to TS38.214 [3], when the network configures CSI-RS resources for L1-RSRP measurement, UE should measure the L1-RSRP for the configured CSI-RS resources and report them according to the reporting condition. UE can assume one CSI-RS resource is mapped to one Tx beam, and therefore the L1-RSRP measurement implies the measurement of the Tx beam strength.
Since the gNB needs to know which Tx beams(s) UE is monitoring for the user data transmission, UE is required to report the candidate CSI-RS resources. Based on the reported CSI-RS resource, the gNB decides which Tx beam (a.k.a. transmission configuration indication, or TCI) is used for transmission, and it is signaled with DCI on PDCCH or MAC CE. 
Another important functionality for beam management is the beam failure recovery. It is similar to the radio link failure in RLM. When the gNB configures the CSI-RS resources for the beam failure detection, UE should perform the L1-RSRP measurement continuously, and if UE found the L1-RSRP is worse than QoutRL, then UE should search and identify a new beam, and start the beam re-establishment on PRACH. 
Observation: CSI-RS based beam management consists of beam reporting and beam failure recovery.
2.2	Beam reporting
According to RAN1/RAN2 specification[3][5], the beam reporting (or L1-RSRP reporting) is considered as a CSI reporting. The network configures to report L1-RSRP with periodic reporting with PUCCH, semi-persistent reporting with PUCCH/PUSCH, or aperiodic reporting with PUSCH. In our view, the framework of L1-RSRP reporting is same as the LTE CSI reporting, and therefore we think L1-RSRP reporting could be verified as performance requirements.
Proposal 1: RAN4 introduces the L1-RSRP reporting requirement in the performance part. RAN4 should discuss further it is specified in RRM or CSI reporting. 
2.2	Beam failure recovery
As we discussed, the beam failure recovery is similar to the radio link failure, and therefore RAN1/RAN2 agreed the network can configure one RLM resource for radio link failure and/or beam failure detection. Since there is no evaluation period requirement for beam failure detection, we think RAN4 should consider the CSI-RS based beam management requirements for beam failure detection by reusing RLM out-of-sync requirements. 
Proposal 2: RAN4 introduces the beam failure detection requirement as a part of CSI-RS based beam management.
Although the beam failure detection is similar to RLM out-of-synch detection, we think RAN4 should discuss the evaluation period. RAN4 is discussing the evaluation period for RLF (out-of-synch with RLM), and for example, SSB-based RLF evaluation period without DRX is specified as Max(200, 10 x TSSB) [ms]. This means UE L1 processing need to report OOS within 200ms to the higher layer within if the channel quality is worse than Qout. 
We should emphasize the beam management is the L1/L2 procedure, on the other hand RLM is used for L3 mobility procedure. This means the network may need quick response to perform the beam switching without service interruption within the cell. For this purpose, RAN4 needs consider the shorter evaluation period, e.g., 50-100 ms or a few times of CSI-RS resource transmission periodicities. However, the shorter evaluation period would result in the less accuracy. RAN4 may consider larger margin when introducing the corresponding test cases. Table 1 is the example for L1 evaluation period for beam failure detection. When specifying the evaluation period, RAN4 should consider both non-DRX and DRX scenarios.
[bookmark: _Ref510780857]Table 1	Example of L1 evaluation period for beam failure recovery. 
	Configuration
	TEvaluate_BFR_CSI-RS (ms)

	Non-DRX
	Max(N1, N2*TCSI-RS)

	DRX
	Max(N1, N3*Max(TDRX, TCSI-RS))


TDRX: DRX cycle, TCSI-RS: CSI-RS resource transmission periodicity
Proposal 3: For the beam failure detection requirements, RAN4 will reuse the framework for radio link monitoring, but RAN4 should consider shortening the evaluation period due to the L1/L2 procedure. 
3	Conclusion
Observation: CSI-RS based beam management consists of beam reporting and beam failure recovery.
Proposal 1: RAN4 introduces the L1-RSRP reporting requirement in the performance part. RAN4 should discuss further it is specified in RRM or CSI reporting. 
[bookmark: _GoBack]Proposal 2: RAN4 introduces the beam failure detection requirement as a part of CSI-RS based beam management.
Proposal 3: For the beam failure detection requirements, RAN4 will reuse the framework for radio link monitoring, but RAN4 should consider shortening the evaluation period due to the L1/L2 procedure.
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