[bookmark: _GoBack]3GPP TSG-RAN WG2 Meeting 97bis                                                      	           R2-1702770
Spokane, USA, 3rd – 7th April 2017                                                     (Revision of R2-1700898)
 
Agenda Item:	10.2.3.3
Source: 	    MediaTek Inc.
Title:	RLM and RLF in HF NR
[bookmark: OLE_LINK45][bookmark: OLE_LINK46]Document for:	Discussion and decision

1	Introduction
One of the objectives in NR is to support frequency ranges up to 100 GHz. In High Frequency (HF)-NR systems, beamforming is a key enabling technology to compensate the propagation loss through high antenna gain. In HF system with beamforming, UE can detect multiple beams and beam management is used to select one or more of them for communication. 
In RAN1#86bis meeting, the concept on beam recovery was agreed to provide robustness against in the case of link failure and/or blockage.
	Agreements:
· NR supports mechanism(s) in the case of link failure and/or blockage for NR
· Whether to use new procedure is FFS
· Study at least the following aspects:
· Whether or not an DL or UL signal transmission for this mechanism is needed
· E.g., RACH preamble sequence, DL/UL reference signal, control channel, etc.
· If needed, resource allocation for this mechanisms
· E.g., RACH resource corresponding mechanism, etc.


In RAN1#88 meeting, following agreements were made for mechanisms to recover from beam failure in [1].
	Agreements:
· Beam failure event occurs when the quality of beam pair link(s) of an associated control channel falls low enough (e.g. comparison with a threshold, time-out of an associated timer). Mechanism to recover from beam failure is triggered when beam failure occurs
· Note: here the beam pair link is used for convenience, and may or may not be used in specification
· FFS: whether quality can additionally include quality of beam pair link(s) associated with NR-PDSCH
· FFS: when multiple Y beam pair links are configured, X (<=Y) out of Y beam pair links falls below certain threshold fulfilling beam failure condition may declare beam failure 
· FFS: search space (UE-specific vs. common) of the associated NR-PDCCH
· FFS: signaling mechanisms for NR-PDCCH in the case of UE is configured to monitor multiple beam pair links for NR-PDCCH
· Exact definition of such threshold is FFS and other conditions for triggering such mechanism are not precluded
· The following signals can be configured for detecting beam failure by UE and for identifying new potential beams by UE
· FFS the signals, e.g., RS for beam management, RS for fine timing/frequency tracking, SS blocks, DM-RS of PDCCH (including group common PDCCH and/or UE specific PDCCH), DMRS for PDSCH
· If beam failure event occurs and there are no new potential beams to the serving cell, FFS whether or not the UE provides an indication to L3. 
· Note: the criterion for declaring radio link failure is for RAN2 to decide.
· FFS: The necessity of such indication
· NR supports configuring resources for sending request for recovery purposes in symbols containing RACH and/or FFS scheduling request or in other indicated symbols


In this contribution, we discussion how RLM is performed with beam management and how RLF is declared in NR with multiple-beam operation. 

2	Discussion
2.1 RLM/RLF in LTE
In LTE, the Pcell/PScell, which is covered by omni-directional beam or a sector beam, is considered as one radio link. Radio link failure (RLF) is an important procedure to trigger RRC connection re-establishment when some problems with the radio link are detected either by physical layer or by Layer 2. The RLF is governed by the behaviours in two-phases, i.e. radio link failure detection and RRC connection re-establishment.  
Observation 1: In LTE, RLF consists of two phrase, i.e. RLF detection and RRC connection re-establishment.
For NR, the procedure for RLF declaration and connection re-establishment is also needed. The principle in LTE can be applicable to NR. 
Proposal 1: RLF in NR consists of two phrase, i.e. RLF detection and RRC connection re-establishment.
In LTE, RLF is declared when one of the following cases occurs:
· DL out-of-synchronization(OOS) in physical layer;
· Random access problem in MAC;
· Maximum number of ARQ retransmission reached in RLC;
RLM procedure is used to detect DL OOS.  UE monitors the DL quality based on the cell-specific reference signal in order to detect the downlink radio quality of the serving cell. Maximum number of ARQ retransmission reached in RLC is used to detect the UL radio link problem. When the maximum ARQ retransmission number reaches, UE considers the UL to the serving cell is too bad to continue data transmission. RA procedure is triggered for different purposes, e.g. DL data arrival and UL data arrival, when the maximum number of RA trials reaches, it means that either the radio quality of either DL or UL has problems. So connection with the serving cell is broken. 
Observation 2: In LTE, RLF is declared when DL OOS detection, random access problem detection or maximum ARQ retransmission occurs. 
The general principle in LTE for radio link quality evaluation can be applicable to NR. The three events are considered as the basic events for RLF declaration in NR. 
Proposal 2: UE declares RLF upon DL OOS detection, random access problem detection and maximum ARQ retransmission. 
In LTE, DL radio link quality is measured based on the cell-specific reference signal, which is actually mapped to a hypothetical PDCCH block error rate. It is compared to the thresholds Qout and Qin, which are corresponding to 10% BLER and 2% BLER of a hypothetical PDCCH transmission respectively. So that Qout and Qin are indicated to RRC, which is used for RLF procedure. Upon receiving consecutive numbers of Qout, a timer T310 is started. The timer is used to supervise whether the radio link can be recovered with consecutive numbers of Qin. RLF is declared when the timer expires. So the downlink radio link quality problem of the serving cell can be detected through RLM procedure. 
Observation 3: In LTE, Qin/Qout generated by physical layer are indicated to RRC, which supervises the indication with a timer and a counter and declares RLF.   
For NR, the procedure for RLM is also a cross-layer procedure with interaction between L1 and L3. The principle in LTE that L1 performs RLM and L3 declares RLF should be applied.  
Proposal 3: In NR RLM procedure, physical layer performs Qin/Qout indication and RRC declares RLF. 
2.2 RLM/RLF in NR with multiple-beam operation
2.2.1 DL signals for RLM
In NR with multiple beam operation, the cells may be covered by multiple beams instead of a single beam. So multiple beams are considered to derive the cell-level quality for RRM measurement. Considering Tx/Rx beamforming are extremely susceptible to blockage and UE rotation, multiple-beam transmission are proposed to improve the link reliability. So continuous data transmission can be guaranteed by some available links if other links are blocked. UE is required to perform physical layer measurement/report on multiple beams for beam management. 
Observation 4: In CONNECTED, multiple beams are considered for both RRM measurement and beam management. 
Although which DL reference signal can be used for RLM should be left to RAN1 to decide, RLM/RLF procedure also needs to consider multiple beams in the serving cell. RLF declaration should be conservative even if radio link problem is detected on the serving beam. It is possible that there are other candidate beams available, which can be used to resume the connection.
Proposal 4: UE shall consider multiple beams for RLM and RLF. 
2.2.2 DL Beam Management and RLM
If RLM/RLF considers multiple beams, one question is how to utilize the collective measurement results of different beams to represent the radio link quality of the serving cell. Different options, e.g. per beam or per cell Qin/Qout indication were discussed in [3][4]. 


Figure 1 RLM and Beam management
Beam management is required to select the best beam(s) to maintain the connection between the network and the UE.  If only one beam is selected as the serving beam, it’s very straightforward that the measurement results of the serving beam is collected as the input for Qin/Qout evaluation. If multiple beams are selected as the serving beams, how to perform Qin/Qout evaluation needs to be considered. In this case, the best serving beam can be used for Qin/Qout indication. Since if the radio problem is detected on the best serving beam, it is not expected other serving beams is still available. From PHY aspect, the maximum measurement result among the serving beams are selected to compare with the threshold for Qin/Qout indication. 
Proposal 5: RLM is performed only on the best serving beam with single Qin/Qout indication.
2.2.2 Beam Recovery and RLM
In RAN1#86bis meeting, RAN1 agreed that beam recovery mechanism is supported in NR in the case of link failure and/or blockage for NR. Due to the fast channel variation and blockage, beam misalignment between TRP and UE will occur if any one of the signalling required for beam switching is not received timely and correctly. Without beam recovery, UE continues the RLM on the serving beam, the channel quality of which has already degraded. Consequently, RLF is declared and UE performs re-establishment and cell selection is initiated. 
Observation 5: Beam Recovery can help to reduce the RLF declaring and unnecessary RRC connection re-establishment.
In order to perform beam recovery, UE needs to replace the misaligned serving beam(s) with alternative beams with good quality. However, how to perform beam recovery and interaction with RLM is not clear. Depending on which kinds of criteria UE can determine beam misalignment, e.g. comparison with a threshold, time-out of an associated timer just as discussed in RAN1. Beam recovery on different layer can be considered.
· L1/L2 Beam recovery:
· It is triggered by beam management. 
· Beams misalignment is determined by UE based on the CSI/BMI measurement.
· L3 Beam recovery:
· It is triggered by RLM. 
· DL radio problem is determined by UE based on consecutive number of Qout indications. 
L1/L2 beam recovery is more proper to achieve fast beam alignment on DL/UL when UL/DL beam is still aligned, e.g. when there is no beam reciprocity at both network and UE side. So DL/UL beam can be recovered quickly based on the dedicated UL signals over lower layer. 
However, if beam misalignment occurs on both DL and UL, there is no way to resume the connection on either DL or UL. Random access triggered by UE is needed for beam recovery. Considering the cost of random access procedure, the latency as well as the number of trials need to be supervised. L3 beam recovery can be considered. 
L3 beam recovery is triggered by RLM based on consecutive number of Qout indication. When beam recovery is triggered, UE can initiate UE side beam alignment and try to acquire other beams through random access in the serving cell for link recovery. 




Figure 2 RLM/RLF in HF-NR 
L1/L2 beam recovery with certain DL/UL signal should be discussed in RAN1. However, RAN2 should consider beam recovery mechanism requiring UE initiated beam alignment through random access procedure and the interaction with RLM/RLF.
Proposal 6: RAN2 should study UE triggered beam recovery when radio link problem is detected on the best serving beam. 
Taking L3 beam recovery in Figure 2 for example, if consecutive number of Qout are indicated based on the measurement on the serving beam, link recovery is initiated.  So UE tries other beams with beam alignment. UE performs RA procedure with the beams according to its measurement results on those beams. If no beam can be used to resume the connection with the serving cell before expiry of the timer (in the first phase), RLF can be declared. Then UE can initiate RRC connection re-establishment procedure for the last chance to recover the RRC connection (in the second phase). 
Proposal 7: RLF is declared if there is no recovery with other beams after a pre-defined timer.


3	Conclusion
In this contribution, RLM and RLF procedure in NR with multiple-beam operation is discussed. 
Based on the observations that:
Observation 1: In LTE, RLF consists of two phrase, i.e. RLF detection and RRC connection re-establishment.
Observation 2: In LTE, RLF is declared when DL OOS detection, random access problem detection or maximum ARQ retransmission occurs. 
Observation 3: In LTE, Qin/Qout generated by physical layer are indicated to RRC, which supervises the indication with a timer and a counter and declares RLF.   
Observation 4: In CONNECTED, multiple beams are considered for both RRM measurement and beam management. 
Observation 6: Beam Recovery can help to reduce the RLF declaring and unnecessary RRC connection re-establishment.
We have following proposals:
Proposal 1: RLF in NR consists of two phrase, i.e. RLF detection and RRC connection re-establishment.
Proposal 2: UE declares RLF upon DL OOS detection, random access problem detection and maximum ARQ retransmission. 
Proposal 3: In NR RLM procedure, physical layer performs Qin/Qout indication and RRC declares RLF. 
Proposal 4: UE shall consider multiple beams for RLM and RLF. 
Proposal 5: RLM is performed only on the best serving beam with single Qin/Qout indication.
Proposal 6: RAN2 should study UE triggered beam recovery when radio link problem is detected on the best serving beam. 
Proposal 7: RLF is declared if there is no recovery with other beams after a pre-defined timer.
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