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1	Introduction
An objective of the 5G study item [1] is to identify and develop technology components needed for new radio (NR) systems being able to use any spectrum band ranging at least up to 100 GHz. The goal is to achieve a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 [2].

Following agreements were made by RAN1#88:
	· 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



	
· The following mechanisms should be supported in NR:
· The UL transmission to report beam failure can be located in the same time instance as PRACH:
· Resources orthogonal to PRACH resources 
· FFS orthogonal in frequency and/or sequences (not intended to impact PRACH design) 
· FFS channels/signals 
· The UL transmission to report beam failure can be located at a time instance (configurable for a UE) different from PRACH
· Consider the impact of RACH periodicity in configuring the UL signal to report beam failure located in slots outside PRACH
· FFS the signal/channel for the UL transmission
· Additional mechanisms using other channels/signals are not precluded (e.g., SR, UL grant free PUSCH, UL control)



In this contribution we discuss beam/link recovery and switching for downlink beam management. We also discuss the beam measurements by presenting a measurement model and a model for radio link monitoring in multi beam system. 

2	Discussion
In NR the link may be lost / degrade due to various reasons especially in higher frequencies e.g. due to beam blockage, beam misalignment or changes in radio environment so that the current communication beams do not provide adequate quality for communication. Although the current link cannot be used, UE may have alternative links that are usable. When there exist alternative link(s) for communication, but maintained in the link set, the connection between UE and network should be recovered via beam/link recovery procedure.
In our other contribution [4] we discuss the PDCCH monitoring using alternatives that may be associated with different UE RX beams. PDCCH beams are configured by network out of the potential candidate set that is indicated by UE via BSI reporting (e.g. BSI reporting on P-1 beams/CSI-RS for Mobility).
In our view the beam switch/change and beam recovery have following definition:
· Beam change/switch: When network configures UE with new PDCCH beam out of the reported candidate beams or requests UE to monitor alternative PDCCH beam that is still available. UE may have multiple PDDCH beams e.g. associated with different UE RX beams. Both network and UE may detect the need for beam change. 

· Beam/link Recovery: When the current beams (can be multiple links) configured for PDCCH reception cannot be used i.e. link quality has degraded or the link is blocked but UE detects alternative potential candidate beams that are not currently configured for PDCCH reception and indicates these beams to network via L1/L2 signaling.

Beam, or link recovery in this contribution discusses when a beam or link loss is detected but potential links still exist for communication between UE and network but these links have not been established/agreed yet. 

2.1 P-1 Signals for beam management measurements
· 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

In downlink beam management UE measures periodical cell and beam specific CSI RS (CSI-RS for P1). Same CSI-RS can also be used for L3 mobility measurements. UE reports the measured/detected beams according to network configuration, e.g. N-highest quality beams or reports beams in beam groups. More about reporting can be found in [3].
Out of the reported P-1 beams, the network may configure beam or beams as PDCCH beams. Periodical signals enable UE to track signal levels of the configured PDCCH beam(s) and determine beam management actions such as triggering of beam reports to indicate link quality changes to network. Network may use the beam reports to configure UE with new PDCCH beam or command to switch to alternative link. In addition, UE should be able to detect potential link failures and initiate recovery actions based on the measurements on P-1 signals.
Proposal: P-1 signals are used for detecting a beam failure and triggering for beam recovery actions 
2.2 UE measurement model for beam management.
Triggering of UE initiated beam management actions should be based on beam specific L1 measurements and L2 filtering. L1 provides P-1 beam measurements to higher layer, L2 (MAC), which applies further filtering of the measurement results. One potential way would be to apply L3 filtering as in LTE (moving average) and apply that for L2. Based on the L2 filtered measurements UE would determine evaluate whether a specific criteria is fulfilled for predetermined beam management action/events. As an example, L2 may be configured to monitor PDCCH beams (P-1 beams corresponding to PDCCH beams) and in the event of a new beam currently not configured for PDCCH reception becomes offset better triggers beam management action. Based on the event UE may trigger a signal requesting resources for beam reporting to provide information to gNB.  
Benefits of applying 2 levels of filtering when determining beam management actions is avoid too quick/slow reaction to beam specific signal level changes. Typically L1 measurements are fixed in the specification in a manner that L1 performs measurements according to required accuracy by collecting the minimum number of samples to form ‘L1 measurement’. L2 filtering is configurable by network and considers also beam specific Time-to-Trigger to determine if a criteria for beam management is fulfilled. A specific condition needs to apply for the duration of Time-to-trigger before a criteria is considered to be fulfilled.     


Figure 1. Measurement Model for Beam Management

Proposal 2: L1 provides beam specific measurements on P-1 beams to L2. 

2.3 L1 Indication of Beam Failure
NR supports two levels of mobility, intra-cell and inter-cell. Intra-cell mobility is not visible to RRC (or may have very limited) thus it needs not to concern with the management of individual beam but operate on cell level. In LTE radio link monitoring the L1 provides IS/OOS (in-sync/out-of-sync) indication to L3 which the determines the cell radio conditions based on the received indications. In LTE the IS/OSS condition is determined based on the measurements on cell specific reference signals and determining block error rate of hypothetical PDCCH transmission taking into account the PCFICH errors (36.133).
In NR the L2 should be responsible for triggering beam management actions such as reporting and recovery thus the radio link monitoring should comprise of two levels:
L1 provides beam level IS/OOS indication to L2. Determining the IS/OOS conditions should be based on the beams configured for PDCCH reception. L2 determines the cell level IS/OOS condition based on the L1 indication and triggers/indicates proper actions:
L2 is able to determine when to indicate cell level IS/OOS: e.g. if UE is configured with multiple links for monitoring PDCCH and one PDCCH link fails (is blocked) the cell could be still considered IS as alternative link exists. The recovery of such situation is handled by L2. Exact operation when L2 indicates to L3 the IS/OOS condition based in L1 indication is RAN2 issue. This mechanism is illustrated in the Figure 2. L1 provides CSI-RS measurements on P-1 signals (K detected beams) to L2 and provides IS/OOS condition to L2 on PDCCH beams.




[bookmark: _Ref477956625]Figure 2. Radio Link Monitoring framework for NR.

Proposal 3: L1 indicates IS/OOS condition on beams configured for PDCCH monitoring/reception to L2
How to calculate the IS/OOS condition is FFS. One way would be to reuse LTE mechanism e.g. determine hypothetical PDCCH error rate by estimating it from the P-1 beams corresponding to the beams configured for PDCCH reception. It is FFS if OOS condition could be based also on missing feedback signals (ACK/NACK). 
NOTE: depending on the L2 configuration for beam management e.g. if alternative beam/beams not configured for PDCCH reception become better than current PDCCH beam based on the measurements L2 may react before a beam is considered OOS.  

2.4. Uplink Signal Configurations for Beam Recovery
Agreements:
· The UL transmission to report beam failure can be located in the same time instance as PRACH:
· Resources orthogonal to PRACH resources 
· FFS orthogonal in frequency and/or sequences (not intended to impact PRACH design) 
· FFS channels/signals 


2.5 SS block specific SR signal configuration for beam management
Scheduling request, SR, is conventionally used by UE request UL-SCH resources for new data transmission. From beam management perspective SR can be used to request resources for transmitting beam report. Specific triggering conditions can be specified and configured by the network when the UE can trigger SR transmission. Once SR has been triggered based on the configured beam management event the UE utilizes the configured resources to transmit SR (e.g. PUCCH/PRACH period). Upon receiving UL grant UE transmits beam report on the allocated resources. Beam report in UE event triggered actions is generated by MAC layer and content e.g. maximum number of reported beams is configured by higher layers (RRC). Beam reporting is discussed in our companion contribution [3]. 
SS block specific SR signal configuration on PRACH symbols is illustrated in the below figure.  




Triggering SSblock specific SR may also be an implicit indication of need for beam reporting/recovery: in case UE detects stronger beam than the current beam used for PDCCH monitoring outside the corresponding SS block it may transmit SR on the corresponding SS block SR resources. gNB detects SR transmission and allocates UE with UL resources. In case UE does not have SR configuration corresponding the preferred SS block it may fallback to RACH based recovery.
Proposal 4: Agree to use SR signal for beam recovery that indicates specific SS block when configured by network

2.6. Link/Beam group specific uplink resource configuration for beam fast switching/recovery

Figure 3 illustrates a PDCCH monitoring pattern using two alternative links. PDCCH beam A is configured as main link and B as fallback link. With beam grouping, several beams may be reported by UE (that can be used for PDSCH) but the link condition would be evaluated based on the PDCCH beam signal level. From network perspective if it detects a beam failure for link A it can reach UE on link B (PDCCH). More about indicating link failure using PDCCH can be read from [SAMI's paper].


[bookmark: _Ref477866641]Figure 3. PDCCH monitoring pattern

For UE triggered recovery and fast link switching in case of link failure it may be beneficial to configure UE with PDCCH beam/link specific UL resources. These resources may also be beam group specific i.e. PDCCH beam is configured out of the beams reported in a beam group. 
In above case UE would have corresponding resource for indicating either link A or B to network using signaling resource ‘A’ or ‘B’ depending on the PDCCH reception conditions. In case UE has multiple links that are monitored with a pattern (e.g. C, D,...) each link would have its own resource for indication. These UL resources may be configured e.g. from the SR signal resource space that are FDM’d with PRACH.

Similar mechanism can be used when UE does not have any monitoring pattern for PDCCH reception on main/fallback. but monitors a single link. In this case the transmission on link specific UL resource indicates network the preference to switch to the alternative link in case UE detect beam failure on main link.
Proposal 5: Support the configuration of link specific UL signaling resource for beam recovery and switching.
Proposal 6: Triggering of UL signals for beam recovery (SR/other signals) and indicating switch is done by L2 (MAC).  
Further details are FFS.

2.7 UL signals for beam recovery outside PRACH 
· The UL transmission to report beam failure can be located at a time instance (configurable for a UE) different from PRACH
· Consider the impact of RACH periodicity in configuring the UL signal to report beam failure located in slots outside PRACH
· FFS the signal/channel for the UL transmission

Alternative signaling channels for UL signaling outside the PRACH periods could be used e.g. to complement PRACH based signaling. Depending on the PRACH periodicity it may be beneficial to configure UE with additional signaling occasions for indicating beam recovery.
Potential signaling channels could be PUCCH carrying either uplink control information or SR. Network may configure UE with periodical SR/UL signaling resource which can be used in similar manner to indicated a need for beam switch/recovery. 
In case UE does not have UL signal configured to e.g. indicate alternative SS block (in case main and fall back link fail) it would need to fall back to RACH based recovery.
Proposal 7: Support configuration of link specific UL signals for recovery and link switch
If SS block specific signaling is configured similarly using signaling channels outside PRACH instance it would in practise mean additional full RX sweep for gNB to cover PUCCH reception throughout the cell coverage. 
3	Conclusions 
In this contribution beam recovery was discussed. Based on discussion the following observations and proposals are made:
Proposal: P-1 signals are used for detecting a beam failure and triggering for beam recovery actions 
Proposal 2: L1 provides beam specific measurements on P-1 beams to L2.
Proposal 3: L1 indicates IS/OOS condition on beams configured for PDCCH monitoring/reception to L2
Proposal 4: Agree to use SR signal for beam recovery that indicates specific SS block when configured by network
Proposal 5: Support the configuration of link specific UL signaling resource for beam recovery and switching.
Proposal 6: Triggering of UL signals for beam recovery (SR/other signals) and indicating switch is done by L2 (MAC).  
Proposal 7: Support configuration of link specific UL signals for recovery and link switch
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