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Introduction
In the beam recovery discussion, the most critical remaining issue is to determine the quality measure used for the monitoring. In this contribution, we present a detailed discussion on two options, BLER of a hypothetical PDCCH and RSRP.
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As part of the beam recovery procedure, the UE monitors the quality of one or more beam failure detection RSs. Based on measurements on these RSs, the UE determines if it is going to declare beam failure.
There are two main options for which quality measure is used for beam failure evaluation:
1. BLER of a hypothetical PDCCH, which is represented by an internal SINR threshold in the UE. For ease of reference, we will call this option “SINR”
2. RSRP
The BLER of a hypothetical PDCCH is very similar to the quality criterion used for radio link monitoring (RLM), whereas RSRP is very similar to the measurement quantity used for beam management reports. To trigger beam failure, both quantities will need to be filtered to avoid too early triggering. For ease of reference, we will use the 
It should be noted that in some cases, the two criteria will give the same result: if the RSRP is really low, the SINR will be quite low as well. In other cases, the two criteria will give different results, and in this comparison, we will discuss these cases. We will describe how beam recovery and beam management interact when the two different quality measures are used, and we will describe how radio link failure comes into play here. A similar comparison was made in [1].
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In this scenario, the RSRP is above the selected threshold for beam failure, but the UE is still unable to receive the control channel due to interference. Note that the UE may very well be served by a suboptimum beam. Due to the interference, the NW is unable to reach the UE with transmissions to resolve the situation.
SINR as quality measure. Here, the UE will notice that the SINR becomes low, and after a while, it will trigger beam failure. The UE will then search for candidate beams, and once it has found a beam, it will send a beam recovery request to the NW to re-establish the connection. In principle, the UE will choose the best beam to reconnect to the cell, helping to fix any glitch in the beam management procedures that preceded the beam failure. 
When the NW receives the UL request, it will respond with a PDCCH on the beam the UE selected. If the quality is good enough on the selected beam, the UE will successfully decode the PDCCH. On the other hand, if the quality of the selected beam is not good enough, the UE will not be able to do receive the PDCCH, causing failed beam recovery, and, in the end, radio link failure. 
In [1], it was suggested that there would be a risk for ping-pong in this situation: the UE would select a new beam based on RSRP, perform (successful) beam recovery, and directly declare beam failure since it would end up on a beam that is not good enough. Here, we note that successful beam recovery implies that the UE can decode the PDCCH at least once, meaning that successful beam is only possible if the quality is good enough. We should also note that if the NW discovers that a UE performs several consecutive beam recovery actions, it can stop sending replies to the UE to let it declare RLF. 
RSRP as quality measure. Here, since the UE is monitoring RSRP, it will not notice that anything is wrong. Once T310 has expired, the UE will declare RLF. The UE will reselect the same or another cell and try to reconnect. 
Essentially, the UE misses the opportunity to re-establish connection with another beam, with better RSRP. Remember that in many cases, there may be better beams available, both at the UE and the gNB.
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In this scenario, the SINR is good-enough so that beam failure is not triggered. However, the RSRP is low-enough so that beam failure will be triggered with the selected threshold.
SINR as quality measure: Here, since the SINR is good enough, neither beam failure nor RLF will be triggered. The connection with the UE will work fine, normal beam management procedures will apply, as will all other RRM procedures. The UE will successfully complete its transmission and move to Idle.
RSRP as quality measure: Since beam management procedures work fine, the NW will establish a suitable beam pair link with the UE. That choice may be based on RSRP, but the NW can of course also take other aspects into consideration, i.e., CQI reports. Despite these efforts, the RSRP value will be below the designated threshold. The UE will declare beam failure, perform a successful recovery, end up on the same beam, perform recovery again. 
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Other relations
Sometimes it has been argued that if beam failure detection is based on SINR, the NW may choose a beam based on RSRP which would trigger beam recovery if the interference level is high. Here we should note that if the use of RSRP for beam selection leads to selection of dysfunctional beams, some other quantity should be introduced for beam measurements: the problem does not lie with the selection of SINR as quality measure for beam failure detection.
Summary
The examples in sections 2.1 and 2.2 illustrate that setting the RSRP threshold becomes very difficult. If set too low, we end up in the situation in section 2.1, where the beam recovery is not triggered when it may help the situation. If set too high, we end up in the situation in section 2.2 where the UE triggers beam recovery unnecessarily. 
To use RSRP as a quality measure effectively, some sort of automatic threshold adjustment would be needed. That threshold would correspond to a “nominal” interference level. However, that nominal interference level is experienced at the UE, and it will depend on the receiver capabilities of the UE: with a receiver with good interference rejection capabilities, the UE can continue communication at lower RSRP levels. Furthermore, the nominal interference level will vary over time: when the actual interference level is low, the nominal interference level should also be reduced. All of these points to that such automatic adjustment is practically impossible.
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Summing up these observations, it becomes evident that SINR is the only viable option. The selection of a nominal interference parameter is so challenging that it is questionable if beam recovery at all becomes a useful feature. For these reasons, we propose
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Conclusions
In this contribution, we made the following observations:
Observation 1	When RSRP is used as quality measure, the UE will not discover that the NW cannot reach it due to high interference.
Observation 2	When RSRP is used as quality measure, beam failure may be declared when the NW can reach the UE.
Observation 3	Automatic adjustment of a nominal interference parameter is practically impossible.

We make the following proposals:
Proposal 1	The BLER of a hypothetical PDCCH is used as the quality measure of the beam quality RS, and in-sync and out-of-sync indications are used, like the radio link monitoring procedure.
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