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1 Introduction

In 3GPP TR 38.802, RAN1 specified the following paragraph to support UE initiated beam recovery procedure. 
	NR supports that UE can trigger mechanism to recover from beam failure. 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 that here the beam pair link is used for convenience, and may or may not be used in specification. Network explicitly configures to UE with resources for UL transmission of signals for recovery purpose. Configurations of resources are supported where the base station is listening from all or partial directions, e.g., random access region. The UL transmission/resources to report beam failure can be located in the same time instance as PRACH (resources orthogonal to PRACH resources) or at a time instance (configurable for a UE) different from PRACH. Transmission of DL signal is supported for allowing the UE to monitor the beams for identifying new potential beams.


In 3GPP TR 38.804, RAN2 specified the following paragraph to support mobility without RRC. 
	5.5.4 Measurement

In the multi-beam operation, the UE in RRC_CONNECTED measures at least one or more individual DL beams. The gNB should have the mechanisms to consider the measurement results of those DL beams for handover. This mechanism is needed at least to trigger inter-gNB handover and to optimise handover ping-pong and failure. The UE should be able to distinguish between the beams from its serving cell and the beams from neighbour cells. The UE should be able to learn if a beam is coming from its serving cell. Cell level signalling quality for the DL RRM measurement can be derived from N best beams, if detected, where the value of N can be configured to 1 or more than 1. This does not preclude the DL RRM measurement on a single beam. Measurement report may contain the measurement results of the N best beams if the UE is configured to do so by the gNB.

…
10.1.2 Network controlled mobility 

For mobility without RRC, it is dealt with PHY and/or MAC on the beam or TRxP level. As such, intra-cell mobility can be handled by mobility without RRC. One gNB corresponds to one or many TRxPs.

NOTE 3:
It is FFS whether there may be cases for which intra-cell mobility needs to be handled by RRC.


In summary, for mobility without RRC, there will be UE triggered beam recovery procedure consisting of ‘configuration’, ‘beam failure event detection’, ‘triggering UL transmission’, and ‘UL transmission for beam recovery’. With this beam recovery mechanism, UE can overcome a sudden beam quality drop without going through long RLF and cell reselection procedure. 
In this contribution, we discuss the detailed procedure and RAN2 involvement.
2 UE operations for NR connection management

Considering beamforming, NR connection management is more complex than LTE. Beamformed NR UE should be able to measure the channel quality of available beams, be able to switch the using beams, and be able to recover from a certain beam failure. In this section, we will discuss about the overview of NR UE operations for maintaining connectivity in a NR cell, considering when the beamformed channel became worse. Considering possible channel quality degradations, there are four possible UE behaviours as bellows: 

Table 1. UE operations for NR connection management

	Channel Status
	UE operation
	Candidates of 
Triggering Layer
	Note

	Channel quality decreased temporary
	Waits until the channel becomes better
(L1 filtering)
	Layer 1
	Channel quality degradation due to small scale fading could be overcame using L1 filtering at beam level measurement

	Channel quality decreased for a time period and control channel is available 
	Perform beam switching to another better beam
	Layer 1 
(possibly Layer 2)
	Layer 1 feedback based beam switching procedure using stable control channel

	Control channel becomes unavailable and there is suitable candidate beam 
	Perform beam recovery to another suitable beam
	Layer 1, 
Layer 2,
or Layer 3
	UE triggered beam recovery procedure using gNB beam sweeping resource (i.e., PRACH)
since there is no stable control channel any more

	Control channel becomes unavailable 
and there is no suitable candidate beam
	Declare radio link failure (RLF) and perform RRC Connection Re-establishment procedure
	Layer 3
	UE triggered RLF declaration and RRC Connection Re-establishment procedure


In this contribution, we will focus on UE triggered beam recovery, since L1 filtering and beam switching are RAN1 responsibilities. 

3 UE triggered beam recovery procedure
Among beam management, the need of UE triggered beam recovery procedure has been studied in both RAN1 and RAN2, during NR SI phase. Considering the analog-beamforming, NR UE may encounter channel quality degradation which could be detected as ‘beam failure’. 

Legacy LTE performs RLM and RLF procedures to detect and recover from such control channel quality degradation. 

However, due to the analog beam characteristics, even if the quality of beam pair link(s) of an associated control channel becomes worse, there could be another beam pair link(s) which has suitable quality for communication. 

Therefore, NR should support the UE triggered beam recovery procedure when the control channel becomes unavailable and there is suitable candidate beam. With this beam recovery procedure, UE can overcome such beam failure without going through long and power consuming RLF procedure.

The UE triggered beam recovery procedure consisting of ‘configuration’, ‘beam failure event detection’, ‘triggering UL transmission’, and ‘UL transmission for beam recovery’. With this beam recovery mechanism, UE can overcome a sudden beam quality drop without going through long RLF and cell reselection procedure. 

According to the agreed RAN1 TR, we can observe the following NR beam recovery mechanism
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3.1 gNB configures UE with resources for UL transmission of signals for beam recovery purpose
The purpose of this configuration is to prepare UE for UE triggered beam recovery, by allocating UL resources before beam failure occurs. If ‘beam failure’ occurs, there is a high probability that DL and UL transmissions may fail. Therefore, this step must be done before the following ‘beam failure event’ occurs, i.e., when the UE associates with the cell. Moreover, the UL transmission resource scheduled for UE triggered beam recovery should be where the base station is listening from all or at least partial directions, and it can be located in PRACH, or at a time instance different from PRACH. 
If such UL signal transmission for beam recovery is done over PRACH, it shall be triggered by L2. Accordingly RAN2 should be involved for standardization.
Observation 1: If ‘beam recovery mechanism’ is transmitting UL signal for beam recovery over PRACH, it shall be triggered by L2. 

If the UL signal transmission is done over different channel from PRACH, it is FFS whether RAN2 involvement is required or not. 
3.2 UE detects the ‘beam failure event’ occurs 
During this step, UE measures the beams and check whether the condition of ‘beam failure’ is detected or not. This beam failure detection shall be based on beam level measurement, in order to determine whether the quality of currently using beam pair(s) became worse. 
This beam failure detection could be done by L1, L2, and/or L3 with new parameters and maybe with new events. However, in order to reduce UE complexity, we propose to design such detection mechanism based on LTE RLM operation which is used to trigger RLF. 

Considering options for ‘beam failure detection’ are as follows: 
i. When the beam level measurement result (e.g., RSRP, RSRQ, …) of the ‘beam pair(s)’ (or the set of beam pair(s)) is below a threshold
· This operation could be designed based on the LTE ‘Radio Link Monitoring’ operation, which monitors downlink radio link quality and compare it to the threshold Qout, as in TS 36.133

· In LTE, the threshold Qout is defined as the level at which the downlink radio link cannot be reliably received and shall correspond to 10% block error rate of a hypothetical PDCCH transmission taking into account the PCFICH errors with transmission parameters specified in Table 7.6.1-1 in TS 36.133.
ii. When a timer expires

· During the time window (before timer expires), a certain measurement condition is met., i.e., the beam level measurement results are worse than a threshold until the timer expires. 
· In LTE, when the downlink radio link quality of the PCell or PSCell estimated becomes worse than the threshold Qout over the last 200 ms period, Layer 1 of the UE shall send an out-of-sync indication to the higher layers.
Proposal 1: RAN2 prefers to have 'beam failure' detection procedure design based on LTE RLM operation, i.e., NR L1 transmits indication to higher layers when beam measurement of the serving beams are below a certain threshold. This should be confirmed with RAN1.
NR L1 can detect the ‘beam failure’ and transmit beam-failure indication to L2 or L3, so that the L2or L3 may trigger beam recovery. It is FFS whether L1 detects beam failure and higher layer just receives the indication, or whether  higher layer detects beam failure based on L1 indications like LTE RLF T310 triggering by L3.
Proposal 2: In order for UE 'beam failure' detection, there could be two options: 
1) Layer 1 detects 'beam failure event' and higher layer just receives the single Layer 1 indication
2) Higher layer detects 'beam failure event'  if there are N consecutive 'beam failure' indications from Layer 1
3) It is FFS whether L2 or L3 detects such ‘beam failure event’
Note that the ‘beam failure’ detection from L3 may also be able to trigger RLF timer T310 simultaneously.
3.3 UE triggers the beam recovery mechanism
After the ‘beam failure’ is detected, UE shall decide whether to trigger beam recovery mechanism or not. In the RAN1 TR, it seems UE directly transmit UL signal using the scheduled resource. However, since the triggering condition is only considering ‘beam failure’, it is not guaranteed that the UE can recover from the failure or not. 
However, since the UE measures the beam information and can estimate the hypothetical error rate of using each beam, we can increase the success rate of beam recovery while reduce the overhead, interference, and waste of power due to the unnecessary beam recovery attempts. 
There are two possible options for beam recovery triggering condition as follows: 

i. Trigger if ‘beam failure’ is detected

· With this option, UE transmits UL signal for beam recovery through PRACH(or other resource) every time if ‘beam failure’ is detected
· However, if there is no useful beam for connection recovery, UE power will be wasted while interference will be increased
ii. Trigger if ‘beam failure’ is detected AND if there is ‘suitable beam(s)’ for communication

· With this option, UE transmits UL signal through PRACH(or other resource) only if there is another suitable beam for recovery, while ‘beam failure’ is detected
· Therefore, UE can save power and reduce interference by transmitting UL signal for beam recovery, only if there is high probability of beam recovery
· It is FFS how ‘suitable beam(s)’ is selected 
(i.e., if there is more than one beam w/ beam measurement > threshold)

Since UE performs beam based measurement, it is possible for a UE to know whether there is a suitable beam(s) for recovery or not. Therefore, using such beam measurement information, UE can trigger UL signal transmission (e.g., RACH transmission) efficiently, to reduce power consumption and interference. So, we propose for NR UE to use such beam measurement to trigger UL signal transmission. 
Note that the ‘beam failure’ detection from L3 may also be able to trigger RLF timer T310, or the T310 could be triggered only if ‘beam failure’ is detected AND there is NO ‘suitable beam(s)’ for communication. Therefore, RAN2 should consider ‘beam failure’ detection along with RLF design. Since RLF is not the scope of this contribution, this issue will be treated with more depth in a separate contribution. 
NR UE can detect ‘beam failure’, while per-beam measurement results are also visible to L2/L3 since we have agreement to support reporting of individual beam measurement. Hence, this beam recovery procedure could be triggered by L2/L3, in order for UL signal transmission through PRACH(or a new channel). 
Proposal 3: NR L2/L3 triggers beam recovery procedure (i.e., UL signal transmission for beam recovery through PRACH), if ‘beam failure’ is detected AND if there is ‘suitable beam(s)’ for communication. It is FFS how ‘suitable beam(s)’ is selected
3.4 UE transmits UL signals to the configured UL resource, to recover from beam failure
With the above triggering event, UE transmits UL signal consisting of beam level measurement to recover from beam failure, through the scheduled resource (e.g., PRACH or other resource to be designed). 

If such UL signal transmission is done over PRACH, it shall be triggered by L2/L3, with input from L1. Accordingly RAN2 should be involved for standardization, as mentioned in chapter 2.1.

3.5 gNB and UE recover from ‘beam failure’
Using successfully transmitted/ received UL signal including beam information, UE and gNB can recover from ‘beam failure’, using the ‘suitable beam(s)’. Hence, there should be consequent operations for beam switching from the ‘failed beam(s)’ to the ‘suitable beam(s)’.
For this operation, we may reuse the ‘beam switching procedure’ from RAN1, or design a new procedure. Since this is closely related with RAN1 progress, this should be decided after RAN1 concluded the ‘beam switching procedure’ 
Observation 2: gNB and UE can recover from ‘beam failure’ using the received/transmitted UL signal with beam measurement information. It is FFS we may reuse the RAN1 ‘beam switching procedure’ or design a new procedure.
4 Conclusion

This contribution discusses the basic operation of beam switching. In order to make progress on UE triggered beam recovery mechanism in NR, we request RAN2 to discuss the following observations and proposals. 
Observation 1: If ‘beam recovery mechanism’ is transmitting UL signal for beam recovery over PRACH, it shall be triggered by L2. 

Observation 2: gNB and UE can recover from ‘beam failure’ using the received/transmitted UL signal with beam measurement information. It is FFS we may reuse the RAN1 ‘beam switching procedure’ or design a new procedure.
Proposal 1: RAN2 prefers to have 'beam failure' detection procedure design based on LTE RLM operation, i.e., NR L1 transmits indication to higher layers when beam measurement of the serving beams are below a certain threshold. This should be confirmed with RAN1.
Proposal 2: In order for UE 'beam failure' detection, there could be two options: 
1) Layer 1 detects 'beam failure event' and higher layer just receives the single Layer 1 indication
2) Higher layer detects 'beam failure event'  if there are N consecutive 'beam failure' indications from Layer 1
3) It is FFS whether L2 or L3 detects such ‘beam failure event’
Proposal 3: NR L2/L3 triggers beam recovery procedure (i.e., UL signal transmission for beam recovery through PRACH), if ‘beam failure’ is detected AND if there is ‘suitable beam(s)’ for communication. It is FFS how ‘suitable beam(s)’ is selected
