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1. Introduction
Relationship between RLF and beam recovery procedure was discussed in previous RAN1 meetings without specific conclusions. The related agreements are as follows:

Agreements:
· RAN1 agrees that the certain number of beam failure recovery request  transmissions is NW configurable by using some parameters

· Parameters used by the NW could be:

· Number of transmissions

· Solely based on timer

· Combination of above

· FFS: whether beam failure recovery procedure is influenced by the RLF event

Agreements:
· In case of unsuccessful recovery from beam failure, UE sends an indication to higher layers, and refrains from further beam failure recovery

· Relationship between RLF and unsuccessful beam failure recovery indication (if any) e.g. whether beam failure recovery procedure influences or is influenced by the RLF event

· Send LS to inform RAN2 – to be done next meeting
This contribution discusses the above FFS issues colored in yellow.
2. Technical Discussions
LTE procedure:
LTE radio link monitoring procedure is briefly described in the following figure. Each time UE’s physical layer detects Qout, it indicates higher layer out-of-sync. After N310 times out-of-sync, UE starts T310 timer and monitors channel quality. If the UE’s physical layer indicates to higher layer that channel quality is above certain threshold (Qin) N311 times, UE stop the T310 timer. Otherwise, when T310 timer expires, UE declares RLF and start to re-establish radio link (start cell searching etc). N310, N311 and T310 are network configured.
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Figure 1. LTE RLM procedure and proposed relationship with beam recovery

Definition of Qout and Qin:
In LTE, Qout roughly corresponds to 10% block error rate of a hypothetical PDCCH transmission. Qin roughly corresponds to 2% block error rate of a hypothetical PDCCH transmission.In NR, multi-beam operation is supported, and the eNB can configure UE to monitor multiple PDCCHs on different beams. Therefore the definition of Qout, Qin need to be updated as follows:
Proposal 1:

Qout:  on all the configured beams that UE monitors PDCCH, the hypothetical PDCCH BLER is lower than 10%;

Qin: on any configured beams that UE monitors PDCCH, the hypothetical PDCCH BLER is above 2%; 

Based on the above definition of Qout and Qin, beam recovery request can be combined with current LTE RLM procedure as follows:
1) Beam switching is in physical layer

Based on the above definition of Qout and Qin, the UE behavior of dynamic beam switching is not part of radio link monitoring procedure, but a normal data transmission. Only when all network configured beams fails, the physical layer will indicate out-of-sync and start RLM procedure

2) If out-of-sync is indicated, UE may start sending beam recovery request

Once physical layer indicates out-of-sync, the UE may start sending beam recovery request, with a possible reporting of newly identified beams. The eNB may configure new beams for PDCCH detection. Similar to LTE, if the UE cannot recovery PDCCH detection performance before N310 times out-of-sync, UE starts T310 timer and refrain from sending further beam recovery request.
3) After N310 times out-of-sync, UE refrains from sending further beam recovery request and start T310 timer
After T310 timer starts, UE shall monitor channel quality. In NR, it has not been clearly discussed if the UE shall monitor channel quality on all beams, or only the beam configured previously for PDCCH detection. This point needs to be clarified. Furthermore, it needs to be clarified if the UE expects some beam management procedure after T310 timer starts, to help the UE to identify new beams.
4) If N311 times Qin is detected, T310 timer is stopped. Otherwise when T310 timer expires, UE starts to re-establish radio link
Therefore, the timer for beam recovery request transmission can be based on existing RLM parameter N310, and there is no need to introduce a new timer for beam recovery request transmission.

3. Necessary clarification of current agreements
Agreements in RAN1 adhoc #2 says UE “refrains from further beam failure recovery”, which may be interpreted as UE stops monitoring channel quality when T310 timer starts. It is needed to clarify that the UE refrains from further beam recovery request transmission after T310 timer starts, i.e., the following modification of current agreements are necessary:
Agreements:
· In case of unsuccessful recovery from beam failure, UE sends an indication to higher layers, and refrains from further beam recovery request transmission
With the above clarification, “unsuccessful recovery from beam failure” corresponds to the start of T310 timer, and UE can still monitor channel quality after T310 timers starts although the UE shall stop sending beam recovery request.

4. Other remaining issues
First remaining issue is about the triggering of beam recovery request. In RAN1 #89, the trigger of sending beam recovery request is as follows:
Working assumption:

· Support at least the following triggering condition(s) for beam failure recovery request transmission:

· Condition 1: when beam failure is detected and candidate beam is identified at least for the case when only CSI-RS is used for new candidate beam identification

· FFS Condition 2: Beam failure is detected alone at least for the case of no reciprocity

· FFS how the recovery request is transmitted without knowledge of candidate beam

· Note: if both conditions are supported, which triggering condition to use by UE also depends on both gNB configuration and UE capability

Based on the technical discussions in section 2, condition 2 implies that UE shall transmit beam recovery request for each out-of-sync. Anyway it is still necessary to clarify if condition 2 should be specified or not.
Second remaining issue is the UE behavior when UE receive eNB response for beam recovery request, if the UE would stop counting out-of-sync immediately, or UE still count out-of-sync based on Qout definition.

Third discussion point is already stated in section, namely UE behavior in T310 timer needs further discussion, namely which beam shall be monitored and if beam management procedure should be expected in T310 timer.
5. Conclusions
In this contribution, relationship between RLF and beam recovery procedure is discussed, which is described in the following figure
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In particular, there is no need to introduce a new timer for beam recovery request transmission: 

Proposal 1: the timer for beam recovery request transmission is based on existing RLM parameter N310:

· If out-of-sync is indicated to higher layer, UE may start sending beam recovery request

· After N310 times out-of-sync, UE refrains from sending further beam recovery request and start T310 timer

The definitions of out-of-sync and in-sync need to be updated as follows due to multi-beam operation:
Proposal 2: Updated definition of out-of-sync and in-sync:

· Qout:  on all the configured beams that UE monitors PDCCH, the hypothetical PDCCH BLER is lower than 10%;

· Qin: on any configured beams that UE monitors PDCCH, the hypothetical PDCCH BLER is above 2%;
It might be necessary to update current agreements as follows to clarify that UE can monitor channel quality after T310 timer:

Proposal 3: current agreement on beam recovery failure is updated as follows:

Agreements:
· In case of unsuccessful recovery from beam failure, UE sends an indication to higher layers, and refrains from further beam recovery request transmission
Finally some remaining issues still need to be discussed, such as out-of-sync v.s. trigger of beam recovery request, in-sync v.s. reception of eNB response to beam recovery request, and UE behaviour under T310 timer.[image: image3.png]
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