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1 Introduction

During January meeting, RAN1 discussed and agreed to support UE initiated beam recovery procedure. 
	Agreements:

· NR supports that UE can trigger mechanism to recover from beam failure 

· Network explicitly configures to UE with resources for UL transmission of signals for recovery purpose

· Support configurations of resources where the base station is listening from all or partial directions, e.g., random access region

· FFS: Triggering condition of recovery signal (FFS new or existing signals) associated UE behavior of monitoring RS/control channel/data channel

· Support transmission of DL signal for allowing the UE to monitor the beams for identifying new potential beams

· FFS: Transmission of a beam swept control channel is not precluded

· This mechanism(s) should consider tradeoff between performance and DL signaling overhead


Observation 1: RAN1 agreed to support UE initiated beam recovery procedure, using resources where the base station is listening from all or partial directions, e.g., random access region
In this contribution, we suggest to discuss the FFS: Triggering condition of recovery signal (FFS new or existing signals) associated UE behavior of monitoring RS/control channel/data channel
2 Multi-beam based DL beam management
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, change, and recovery procedures.
2.1 Beam switching operations 
As discussed in the Section 2.2, we can consider the following options/ operations of beam switching: 

·  gNB signaling based beam switching

· Available when the signaling can be transmitted (using the current serving beam)

· Signaling may consisting of : 

· UL beam measurement reporting from UE

· DL beam switching indication from gNB (FFS)
· 
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· Figure 5. An example of a signaling based beam switching procedure
· UE initiated beam switching

· Should be designed to overcome the serving beam pair link blockage
· UL channel must be available even if the serving beam link is blocked. 
1) Using the RACH where the TRP sweeping rx beam
2) Design a new channel where the TRP sweeping rx beam 

3) (semi)Persistent allocation of UL channel for a UE among all the rx beams in the serving cell
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· Figure 3. An example of a UE initiated beam recovery procedure
Note that the above options are using different trigger (explicit signaling vs. UE initiated) and different beam reporting mechanism (over scheduled single beam pair vs. over multiple beam sweeping).
Although the UE initiated beam switching is necessary to overcome serving beam pair blocking, frequent UE initiated beam switching is not recommended due to the following reasons: 

· UE initiated beam switching requires number of signaling by utilizing UL beam sweeping channel (e.g., RACH) and consequent procedures (e.g., four-step RACH)

· Will increase the intra/inter-cell interference

· May increase the RACH failure rate, if using contention-based RACH

· Will increase the beam switching latency 

A. due to the required number of signals (e.g., RACH procedures)

B. since network cannot allocate frequent UL beam sweeping channel (e.g., RACH)
Therefore, the triggering condition of UE initiated beam switching must be selected carefully, and, hence, we recommend a network to configure the triggering condition using explicit signaling. 

2.2 UE triggered Beam Recovery Conditions
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 share the same condition as ‘serving beam is unavailable’. Therefore, for beam recovery and RLF design, RAN2 should define the condition to trigger beam recovery and/or RLF, such as when ‘serving beam misalignment’. For such definition, we may consider the following conditions: 
· Beam recovery procedure should be triggered if: 

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

· 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 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 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 1: 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:

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

This contribution discusses the basic operation of beam switching. In order to make progress on beam based mobility in NR, we request RAN2 to discuss the following observations and proposals. 
Observation 1: RAN1 agreed to support UE initiated beam recovery procedure, using resources where the base station is listening from all or partial directions, e.g., random access region
Proposal 1: RAN2 should define the beam recovery triggering condition. 

(FFS: whether those conditions are also used for triggering radio link failure (RLF)). 
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