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1 Introduction

During RAN1#86bis, RAN1 discussed and agreed to study the beam recovery procedure as in [1].

	RAN1 Agreements:

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 this contribution, we suggest to discuss the beam recovery procedure to support such link failure and/or blockage, and further discuss on the RAN2 issues.
2 Beam Recovery for Multi-beam based NR
In NR, multiple beams can be used to serve DL coverage area of a cell.  Moreover, those beams can be used to transmit/receive data and control signals. Since transmission/reception of every signal using full beam sweeping is inefficient, discussion on beam management procedures to select specific beam(s) for data signal transmission/reception is on-going. The beam management consists of beam sweeping, measurement, reporting, determination, switching, and recovery procedures.
2.1 Beamforming based NR system
For beamforming, NR consider three types of MIMO technologies such as analog/ digital/ and hybrid beamforming. If considering digital beamforming only, the NR multi-beam system may operate like LTE. Else, considering analog beamforming and/or hybrid beamforming, we should consider the characteristics of analog beam. An analog beam is formed by an array of antennas with accumulation of different radiation patterns of different antennas. Therefore, it is not possible to service a UE outside of the beam coverage, unless changing the radiation patterns of antennas. Therefore, a UE and a TRP may not be able to communicate if their analog beam directions are not aligned well. 

Figure 1 shows an example of beams surrounding a UE. Beam 1~3 are from the TRP 1, and Beam 4 is from TRP 2. Since the UE is in the coverage of Beam 2, Beam 2 can be the current serving beam of the cell. Although the actual physical shape of a beam would be like a 3-dimentional balloon, in this contribution, we consider 2-dimentional shapes of beams to ease the understanding and analysis. And also, we consider a UE which is scheduled and served by a single TRP beam at a time. 
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· Figure 1. An example of analog beams surrounding a UE when the serving beam is ‘Beam 2’
Since each analog beam can serve UEs inside the coverage area, the serving beam should be changed as UE’s location changes. In this contribution, we consider a simple criterion for beam switching, as: 
· If (Target beam quality > Serving beam quality)

· Switch the serving beam to the target beam.
And this beam switching can be processed by a ‘gNB scheduling based’ mechanism. Since gNB is the scheduling entity, only a beam which gNB knows can be scheduled and it is the current serving beam. Therefore, the scheduling based beam switching may happen on a specific region where the target beam quality is better than the serving beam quality, and the serving beam is still available for wireless communication. Figure 2 shows the possible areas of scheduling based beam switching, as A1 and A2. 
· A1: area of beam switching to Beam 1 or 3 which belongs to the same TRP (TRP 1). 
· A2: area of beam switching to Beam 4 which belongs to the different TRP (TRP 2). 
· ASrvng: serving beam area where UE does not need beam switching. 
· ATgt: target beam area out of the current serving beam (out of Beam 2)
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· Figure 2. Possible Areas of scheduling based beam switching
From the figure 2, we can observe that the scheduling based beam switching is possible only on a specific region within the current serving beam’s coverage, where the UE can still communicate using the serving beam, but the target beam quality is better than the serving beam. Therefore, the scheduling based beam switching is not possible on the entire coverage of serving and target beams.
Observation 1: Scheduling based beam switching is possible on a specific region within the current serving beam’s coverage.
2.2 Serving Beam Misalignment 
From the Figure 2, we can observe that there could be several cases when the ‘scheduling based beam switching’ may not available. In this subsection, we study such cases and define the beam misalignment. 
1) UE moves from ASrvng to ATgt without enough time to perform scheduling based beam switching. 
(or maybe network does not schedule enough resources for such time of the moving UE)

· May happen to UEs on the edge (UEEdge) or fast moving UE (UEFast) as in the following Figure 3.
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· Figure 3. UE moves from ASrvng to ATgt without beam switching
2) Unexpected serving beam blockage due to a sudden appearance of obstacle (e.g., car, tunnel, …)
· Although the serving Beam 2 is blocked, still there could be available beam(s) based on UE location, such as Beam 1, 3, and 4 as in the following Figure 4. 
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· Figure 4. Serving Beam 2 is unavailable

In both cases, the problem is that due to the serving beam quality drop, UE cannot be able to reach to the gNB and notify the target beam information for proper beam switching. 

Observation 2: In the multi-beam based NR system, sudden serving beam quality drop may occur.

Although the serving beam is misaligned, if there is another alternative beam(s) as shown in Figure 3 and 4, NR UE should be able to use such beam(s) to maintain connectivity without go through time and power consuming radio link failure procedure. Since gNB has no knowledge of beam misalignment of UE, NR UE should be able to perform UE initiated beam recovery procedure in order to overcome serving beam misalignment. 

Observation 3: Even if the serving beam is misaligned, there can be alternative beams for UE to be able to communicate with gNB.

Therefore, NR UE should be able to perform UE initiated beam recovery procedure in order to overcome the serving beam misalignment and use another alternative beam, as shown in Figure 3 and 4. Since the beam recovery is closely related with the serving beam’s channel quality drop, RAN2 should study the relationship between beam recovery and NR radio link failure procedure to be designed. 
Proposal 1: NR UE should be able to perform UE initiated beam recovery procedure in order to overcome the serving beam misalignment and use another alternative beam(s). 
2.3 Beam Recovery and Radio Link Failure 
In this section, we would like to discuss how to design beam recovery procedure, with considering the LTE radio link failure mechanism. 

In LTE, RLF timer T310 is triggered when 1) Upon receiving N310 consecutive DL channel out-of-sync indication from lower layer, 2) Upon indication from RLC that the maximum number of retransmissions has been reached, and 3) Upon random access problem indication from MAC. And, if ‘T310’ timer expires without re-acquisition of synchronization, RLF is declared. The decision of synchronization failure/reacquisition is done by results of RLM, which monitors the channel from the serving eNB. The basic considerations of RLF and RLM for NR system have been observed in [2]. With the condition 1), RLF timer is triggered and/or canceled based on RLM indications (Qout and Qin) from lower layer which are results from measurement of cell-specific RSs.
In the multi-beam based NR system, the beam recovery procedure should be designed considering multi-beam and multi-beam based RLF, since both the beam recovery and RLF may share the same condition such as ‘serving beam is unavailable’. Therefore, for beam recovery design, RAN2 should define the condition to trigger beam recovery, such as when ‘serving beam misalignment’. For such definition, we may consider the following conditions: 
· Beam recovery procedure should be triggered if: 

I. When the ‘serving beam is misaligned’ and ‘there is another beam available for communication’ or

II. When ‘there is another beam which has better quality than serving beam’ and ‘UE cannot report beam information’
· Condition ‘serving beam is misaligned’ could be defined as:

1) When RLM result of ‘serving beam’ indicates that the serving beam quality (e.g., hypothetical PDCCH block error rate of the serving beam) is below a certain threshold

2) When beam measurement result (e.g., RSRP, RSRQ, CQI, …) of the ‘serving beam’ is below a certain threshold
· Condition ‘there is another beam available for communication’ could be defined as:

1) RLM result of ‘any other beam’ indicates that there is at least one beam in the cell with quality (e.g., hypothetical PDCCH block error rate of the beam) above a certain threshold

2) When beam measurement result (e.g., RSRP, RSRQ, CQI, …) of  at least one beam in the cell is above a certain threshold
· Condition ‘there is another beam which has better quality than serving beam’ could be defined as:

1) RLM result of ‘any other beam’ indicates that there is at least one beam in the cell with quality more than a certain offset better than RLM result of the ‘serving beam’.

2) When beam measurement result (e.g., RSRP, RSRQ, CQI, …) of  at least one beam in the cell is more than a certain offset better than beam measurement result of the ‘serving beam’.
· Condition ‘UE cannot report beam information’ could be defined as:
1) If the ‘serving beam is misaligned’ or

2) If the UE have no uplink resources scheduled for beam reporting
Note that the above conditions can also be considered to trigger the RLF procedure which will be designed by RAN2. Examples for RLF triggering conditions are as follows: 
Opt. 1) If ‘serving beam is misaligned’, trigger RLF timer. 

Opt. 2) If ‘serving beam is misaligned’ and if ‘there is No another beam available for communication’, trigger RLF timer.
Therefore, RAN2 should discuss and design beam recovery and RLF, whether the same conditions will be used or not.

Proposal 2: RAN2 should define the beam recovery triggering condition. (FFS: whether those conditions are also used for triggering radio link failure (RLF)). 

With the above beam recovery triggering event, UE may try to recover the connectivity and synchronization using the alternative beam. Detailed beam recovery procedure should be designed in RAN2 considering RLF triggering event and procedure as follows:

1. When and how to trigger the beam recovery, 
2. Which information should be delivered to the network, 
3. Which channel/beam to be used to deliver such information, 
4. How to re-synchronize and recover connectivity within a reasonable time
Proposal 3: RAN2 should define the detailed procedure of beam recovery considering RLF procedure design considering the above procedures. 
3 Conclusion

This contribution discusses the beam recovery of multi-beam based NR system, with the required considerations. In order to make progress on beam based mobility in NR, we request RAN2 to discuss the following observations and proposals. 
Observation 1: Scheduling based beam switching is possible on a specific region within the current serving beam’s coverage.

Observation 2: In the multi-beam based NR system, sudden serving beam quality drop may occur.

Observation 3: Even if the serving beam is misaligned, there can be alternative beams for UE to be able to communicate with gNB.

Proposal 1: NR UE should be able to perform UE initiated beam recovery procedure in order to overcome serving beam misalignment.
Proposal 2: RAN2 should define the beam recovery triggering condition. (FFS: this condition is also used for triggering radio link failure (RLF)). 
Proposal 3: RAN2 should define the procedure of beam recovery considering RLF procedure design, as: 

1. When and how to trigger the beam recovery, 
2. Which information should be delivered to the network, 
3. Which channel/beam to be used to deliver such information, 
4. How to re-synchronize and recover connectivity within a reasonable time
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