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1. Introduction
Regarding radio link monitoring and beam failure recovery, both RAN1 and RAN2 have some discussions and basic mechanisms are made. However, some issues for radio link monitoring procedure and radio link failure declaration are still open. In this paper, impact of beam failure recovery indication from lower layer is discussed.
In the following, both beam failure recovery and link reconfiguration are used and same meaning applies.
2. Background
2.1 RLM and RLF declaration
As captured in the NR specifications [1] [2], UEs in RRC_CONNECTED declare radio link failure (RLF) at least in case of 1) expiry of a timer started after indication of radio problems from the physical layer; or 2) random access procedure failure; or 3) RLC failure. Specifically, in case 1), the UE shall start a timer T1 upon receiving N consecutive “out-of-sync” indications for the SpCell (PCell or PSCell) from lower layers. The UE shall stop timer T1, if it is running, upon receiving N’ consecutive “in-sync” indications for the SpCell. However, if the timer T1 expires, RLF will be declared. The procedure is similar to LTE procedure, as Figure 1 which is abstracted from [3].
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Figure 1. RLM and RLF, abstracted from [3]
The “out-of-sync” and “in-sync” indication are provided as the result of radio link monitoring (RLM) in the physical layer. In [4], it is stated that the downlink radio link quality of SpCell shall be monitored by a UE. The physical layer in the UE shall indicate out-of-sync to higher layer in frames where the radio link quality is assessed when the radio link quality is worse than the threshold Qout for all resources in the set of resources for RLM. The resource set for RLM can be either a CSI-RS resource or a SSB. When the radio link quality is better than the threshold Qin for any resource in the set of resources for RLM, the physical layer in the UE shall indicate in-sync to higher layers in frames where the radio link quality is assessed.
According to [5], the UE shall estimate the downlink radio link quality and compare it to the thresholds Qout and Qin on each RLM-RS resource. The threshold Qout is defined as the level at which the downlink radio link cannot be reliably received and shall correspond to the out-of-sync block error rate, e.g., [10%]. The threshold Qin is defined as the level at which the downlink radio link quality can be significantly more reliably received and shall correspond to the in-sync block error rate, e.g., [2%]. When the downlink radio link quality on all/any the configured RLM-RS resources are worse/better than Qout/Qin, Layer 1 of the UE shall send an out-of-sync/in-sync indication to the higher layers. A Layer 3 filter shall be applied to the out-of-sync indications and the in-sync indications.
2.2 Link reconfiguration
In [4], Link reconfiguration (LR) procedure can be divided into different phase, e.g., link monitoring, beam failure occurs, link reconfiguration request. 
There will be a set of periodic CSI-RS resource configured by RRC or a set of SS/PBCH and periodic CSI-RS resource determined via PDCCH monitoring. The physical layer in the UE shall assess the radio link quality according to the resource set against the threshold Qout. The physical layer shall provide an indication to upper layer in slots where the radio link quality is assessed according to the resource set, when the radio link quality for all corresponding resource configurations in the set that the UE uses to assess the radio link quality is worse than the threshold Qout. It implies that beam failure occurs.
The physical layer in the UE shall also provide to higher layers information identifying a periodic CSI-RS configuration index or SS/PBCH block index from the resource set where the RS resource for candidate beams are contained. With this information, MAC layer will send RA preamble for link reconfiguration request to the network. After 4 slots from the slot of the PRACH transmission, the UE monitors PDCCH for a DCI format with CRC scrambled by C-RNTI, within a window in the control resource set configured by higher layer.
According to [6], unsuccessful beam failure recovery for SpCell will be indicated to upper layer.
3. Considerations
In order to analyze the impact of link reconfiguration indication to RLM/RLF, radio link monitoring procedure and link reconfiguration are compared based on agreements reached in RAN1/RAN2, as shown in Table 1.
Table 1. Comparison between RLM and LR
	
	1) Radio link monitoring
	2) Link reconfiguration 

	Supported cell
	NR supports RLM on PCell and PSCell only.
	Beam failure is declared only when all serving control channels fail;
There is no cell specific configuration for link reconfiguration.

	Reference signal
	Both CSI-RS based RLM and SS block based RLM are supported;
NR supports to configure a single type of RS for a CORESET for a UE at a time; Support to configure single RLM-RS type only to different RLM-RS resources for a UE at a time;
RLM-RS resources are UE-specifically RRC configured. NR supports configuration of at most X number of RLM-RS (CSI-RS and/or SSB) resources for a UE; NR support configurability of different RLM-RS types to UE for each RLM-RS.
	For a UE, only periodic CSI-RS or SSB which is spatially QCL’ed with PDCCH DMRS is used for beam failure detection;
In addition to periodic CSI-RS, SS-block within the serving cell can be used for new candidate beam identification;
Specification supports the CSI-RS + SS block case for the purpose of new candidate beam identification.

	Measurement metric
	Signal and interference measurements for a given CORESET may be performed by using same RX beam; 
In Rel-15, no explicit resources are defined and indicated to the UE for Interference and noise Measurement Resource (IMR) for RLM, and it is up to UE implementation on how interference and noise measurement can be performed.
	The BLER used for beam failure recovery reuses RLM default BLER threshold for RLM out-of-sync declaration; 
The measurement metric for candidate beam selection is L1-RSRP.

	Out-of-sync indication
	Hypothetical PDCCH BLER is used as the metric for determining OOS conditions for both SS/ PBCH block based and CSI-RS based RLM;
When UE is configured to perform RLM on one or multiple RLM-RS resource(s),
· Periodic OOS is indicated if the estimated link quality corresponding to hypothetical PDCCH BLER based on all configured X RLM-RS resource(s) is below Qout threshold
	A beam recovery request can be transmitted 
· If the number of consecutive detected beam failure instance exceeds a configured maximum number:
· If hypothetical PDCCH BLER is above a threshold, it is counted as beam failure instance
· Beam failure is determined when all serving beams fail
· The candidate beam can be identified when metric X of candidate beam is higher than a threshold
gNB response is transmitted via a PDCCH addressed to C-RNTI;
Dedicated CORESET(s) is applied for monitoring gNB response for BFRQ. 

	In-sync indication
	Hypothetical PDCCH BLER is used as the metric for determining IS conditions for both SS/PBCH block based and CSI-RS based RLM;
When UE is configured to perform RLM on one or multiple RLM-RS resource(s),
· Periodic IS is indicated if the estimated link quality corresponding to hypothetical PDCCH BLER based on at least Y RLM-RS resource among all configured X RLM-RS resource(s) is above Qin threshold
	


As shown in Table 1, regarding the involved cell, NR supports RLM on PCell and PSCell only. There is no conclusion on whether all serving cells or only SpCell are involved for LR. However, it can be observed that no cell specific resource configuration for link reconfiguration needs to be specified based on RAN1 LS [7]. For SCell, only PDCCH order triggered RA procedure can be supported and then RA procedure for LR will not initiated at SCell(s). It seems that LR request will be sent via SpCell only and this is captured in MAC specification that the MAC entity shall initiate a Random Access procedure on the SpCell if beam failure indication has been received from lower layers. 
Then the question is whether only control channels on SpCell or control channels on all serving cells are monitored for beam failure declaration. In case beam failure is declared only when control channels on all serving cells fail, the LR procedure make less sense since RRC connection reestablishment or SCG failure information reporting could happen first. Therefore, it is reasonable that beam failure will be declared when all control channels on the corresponding SpCell fail. In summary, in our opinion, NR supports LR on PCell and PSCell only, at least in R15.
Observation 1: NR supports RLM/LR on PCell and PSCell only at least in R15.
In addition, as shown in Table 1, SSB and/or CSI-RS can be used for both RLM and LR in order to represent control channel quality and to support both single beam and multi-beam operations. Hypothetical PDCCH BLER is used as the metric for RLM and LR and even the same threshold is used for OOS indication and beam failure determination. Thus, it can be concluded that there is correlation between RLM and LR from supported cell, reference signal configuration and the metric for determining OOS/beam failure condition point of view.
Observation 2: There is correlation between radio link monitoring and link reconfiguration.
Then the issues are what the correlation between RLM and LR is and what the impact of beam failure recovery related indication to RLM/RLF is. From RRC point of view, only periodic/aperiodic indications can be observed and the details of RLM and LR are transparent. Thus we discuss these issues starting from the indications from lower layers.
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Figure 2: Indications from lower layers
As Figure 2 shown, periodic IS/OOS indications and aperiodic unsuccessful beam failure recovery request indication can be provided by lower layers to RRC as for now. Possible correlations between periodic IS/OOS indications and aperiodic unsuccessful beam failure recovery request indication can be as follows:
1) BFRQ failure is indicated in case of normal operation (duration in green of Figure 1)
This can happen considering a Layer 3 filter is applied to the out-of-sync evaluation. There is no agreement on the sample rate for the filter in NR but it equals to 200ms in LTE. So it takes some time to identify the radio link sudden degradation while during the time duration, beam failure could be determined and link reconfiguration failure happens.
In this case, RRC can identify that physical layer problem indeed exists without out-of-sync indication only based on link reconfiguration failure indication.
2) BFRQ failure is indicated during radio problem detection (duration in red of Figure 1)
This can happen considering it takes some time to collect a number of out-of-sync indications for physical layer problem detection while beam failure could be determined and link reconfiguration failure could happen.
In this case, RRC can identify that physical layer problem indeed exists without out-of-sync indication only based on link reconfiguration failure indication.
3) BFRQ failure is indicated during T1 (duration in blue of Figure 1)
This can happen considering it takes some time to collect a number of in-sync indications to determine physical layer problem recovery while beam failure could be determined and link reconfiguration failure could happen.
In this case, RRC can declare radio link failure considering there is no available beam for recovery.
Based on these, it is proposed that RLF will be declared or radio problem will be identified when unsuccessful beam failure recovery request indication is received from lower layer.
Proposal 1: Radio link failure will be declared or radio problem will be identified when unsuccessful beam failure recovery request indication is received from lower layer.
More specifically, the related UE actions are proposed as follows:
Proposal 1.1: T310 will be considered expired, if it is running, when unsuccessful beam failure recovery indication is received.
Proposal 1.2: T310 will be started, if it is not running, when unsuccessful beam failure recovery indication is received.
4. Summary
In this contribution, impact of beam failure recovery indication from lower layer is discussed and the following points are observed: 
Observation 1: NR supports RLM/LR on PCell and PSCell only at least in R15.
Observation 2: There is correlation between radio link monitoring and link reconfiguration.
Based on these observations and some analysis, we propose that:
Proposal 1: Radio link failure will be declared or radio problem will be identified when unsuccessful beam failure recovery request indication is received from lower layer.
More specifically, 
Proposal 1.1: T310 will be considered expired, if it is running, when unsuccessful beam failure recovery indication is received.
Proposal 1.2: T310 will be started, if it is not running, when unsuccessful beam failure recovery indication is received.
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