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Introduction
In the previous RAN1 meetings, the following agreement have been made on beam failure:
Agreement #1 (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
Agreement #2 (RAN1#90):
· Beam failure is declared only when all serving control channels fail.
· When a subset of serving control channels fail, this event should also be handled	
· Details FFS
· ….
Agreement #3(RLM, RAN1#90):
· Hypothetical PDCCH BLER is used as the metric for determining IS/OOS conditions for both SS/PBCH block based and CSI-RS based RLM
· UE assumes same antenna port between hypothetical PDCCH and RS used for RLM
· FFS: UE assumes QCL relationship between PDCCH transmitted in a CORESET and RS configured for the CORESET with respect to spatial, average gain, delay and Doppler parameters
Agreement #4 (RAN1#90):
· In addition to periodic CSI-RS, SS-block within the serving cell can be used for new candidate beam identification
· The following options can be configured for new candidate beam identification  
· CSI-RS only
· Note: in this case, SSB will not be configured for new candidate beam identification
· SS block only
· Note: in this case, CSI-RS will not be configured for new candidate beam identification
· FFS: CSI-RS + SS block

[bookmark: _Ref178064866]Agreement #5 (RAN1 NR-AH3):
· For new candidate beam identification purpose
· In CSI-RS only case, a direct association is configured between only CSI-RS resources and dedicated PRACH resources
· In SS block only case, a direct association is configured between only SS block resources and dedicated PRACH resources
· In CSI-RS + SS block case (if supported), an association is configured between resources of CSI-RS/SSB and dedicated PRACH resources
· CSI-RS and SSB can be associated with the same dedicated resource through QCL association
Agreement #6 (RAN1 NR-AH3):
The following working assumption is confirmed
· For beam failure recovery request transmission on PRACH, support using the resource that is CDM with other PRACH resources
· Note that CDM means the same sequence design with PRACH preambles. 
· Note that the preambles for PRACH for beam failure recover request transmission are chosen from those for contention-free PRACH operation in Rel-15
· Note: this feature is not intended to have any impact on design related to other PRACH resources
· Further consider whether TDM with other PRACH is needed
Note: Companies may further study the necessity and feasibility of additional cyclic shifts on the preamble sequences for transmission of beam failure recovery requests
Agreement #7 (RAN1#89ah):
· 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

In this contribution, we describe what we see as a basic solution and what are considered as improvements. We further propose to first standardize support for the basic solution, before introducing support for more advanced beam recovery schemes. This is a revision of R1-1716351.
Discussion
In RAN1#88b, it was agreed to consider the following four aspects on beam recovery
· Beam failure detection
· New candidate beam identification
· Beam failure recovery request transmission
· UE monitors gNB response for beam failure recovery request

These four steps lay the foundation for a design of a basic beam recovery solution. If the details of each step were clarified, a solution would be ready. Based on such a basic solution, further enhancements could be performed during the latter part of the WI. However, to progress the work, it is critical to agree on the central part of the functionality before agreeing on improvements.
Beam failure detection 
Beam failure occurs when the NW is no longer able to reach the UE with a control channel due to incorrect adjustment of the beams, as stated already in agreement #1. This was then clarified in agreement #2, to handle the case where the UE can be configured with several control channels, which the NW may use to reach the UE.
The similarities with radio link monitoring are striking, as highlighted in agreement #3, where it is stated that an out-of-sync indication is triggered when all RLM RS resources fall below a threshold. Here, every RLM RS maps to a configured control channel. Hence, we observe
[bookmark: _Toc492925189][bookmark: _Toc494620135]Beam failure detection and radio link monitoring both aim to discover the situation that the NW cannot reach the UE with a control channel (PDCCH) transmission. Both beam failure detection and out-of-sync indication for RLM require that all control channels fail. 
For RLM, it was further agreed (agreement #4) to use BLER of a hypothetical PDCCH as the metric.
Since beam failure detection and RLM are very similar, it would seem natural to use the same quality criterion for beam failure detection. However, several companies instead express the desire to base beam failure detection on measurements of RSRP. In our view, that would require that the agreement #1 is reverted, since RSRP cannot be mapped to control channel quality.  
Technically, the use of RSRP as a quality criterion would lead to a formidable tuning task in the network. Throughout the network, the RSRP threshold must be set to handle a variety of interference situations, which are also time-varying. Although beam recovery is designed to be fast, it should not be triggered as long as the NW maintains connection with the UE, since that would cause an interruption in the data transmission.
[bookmark: _Toc494620136]Using RSRP for beam quality triggering would lead to a challenging tuning task.
In [2], we provide a detailed analysis about the interference situations where BLER of a hypothetical PDCCH and RSRP would lead to different triggering, using the discussion framework from [3]. In that contribution, we demonstrate that RSRP may lead to unwanted behavior. 
The main motivation for using RSRP seems to be that it may easier to estimate: the RSRP is stable, whereas the interference varies quickly. However, the fact that interference varies quickly only makes it more important to estimate. In situations where the interference varies, the use of RSRP may lead to incorrect triggering of beam failure, either too early or too late. 
Another argument is that estimation of interference is more challenging than estimation of RSRP. To investigate this assumption, link simulations have been performed to investigate the accuracy of the RSRP and interference component of the SINR estimate. 
Figure 1 depicts the absolute estimation error magnitude for SSRP and the I+N when noise+interference is estimated on the SSB REs. The results were obtained for a moderately dispersive propagation channel with 300 ns RMS delay spread. The figure depicts the 50- and 75-percentiles of the absolute SS-SINR estimation error magnitude in dB as a function of the true average SINR of the SSB symbol REs. 20 MHz carrier BW at 15 kHz subcarrier spacing was configured and the PSS and SSS fields at OFDM symbols 1 and 3 during the SSB were used for measurements. The channel estimation filter length in the F-domain was optimized for low-SINR operation. 
From Figure 1, it is clear that the estimation error of RSRP is larger than the estimation error of I+N. The estimation error of noise+interference depicted in Figure 1b is clearly smaller for the SNR range where beam failure is likely to occur. In the evaluation setup, a frequency-flat noise+interference component was used. While the absolute estimation inaccuracy may be increased when fading interference in introduced, the relative performance comparison of the SSB RS and dedicated RE approaches is not expected to change.
 [image: C:\Users\eraclti\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\rsrp.png] [image: C:\Users\eraclti\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\impairment.png]
[bookmark: _Ref492898824]Figure 1. SS-SINR measurement performance evaluation.
Summarizing the observations in Figure 1, it cannot be concluded that it is more challenging to estimate interference. Instead, it would seem that the estimation error is dominated by the RSRP estimation error. 
[bookmark: _Toc494620137]At SINR levels relevant for beam failure detection, it is more challenging to estimate RSRP than to estimate interference.
Yet another argument is that the UE could discover changes in RSRP quicker than it would discover changes in SINR. As an indication that SINR estimation is slow was that for RLM, the UE should indicate OOS if the radio quality estimated over the last 200 ms period becomes worse than the threshold Qout [1]. However, the motivation for the measurement period is that the UE should be able to average out the fast fading. Hence, there is no reason to believe that the measurement period can be any shorter if the triggering is based on RSRP instead of SINR: the need to filter out fast fading remains if RSRP is used. 
Having taken all these issues into account, we still see that beam recovery would be a useful feature if the beam failure detection would be based on the BLER of a hypothetical PDCCH. In contrast, if the detection would be based on RSRP, it is questionable if the beam recovery feature is at all useful. Hence, we propose
[bookmark: _Toc494292739][bookmark: _Toc494311981][bookmark: _Toc494312704][bookmark: _Toc494373216][bookmark: _Toc494619928][bookmark: _Toc494620127]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.
One issue that is raised regarding the use of BLER of a hypothetical PDCCH as a metric is complexity: RSRP would be easier to estimate than SINR. Here we note that the UE is required to estimate the BLER of a hypothetical PDCCH for the purpose of RLM, and it makes much sense to reuse these estimates also for beam failure detection, at least when CSI-RS is used for RLM. Hence, we propose
[bookmark: _Toc492925194][bookmark: _Toc494292740][bookmark: _Toc494311982][bookmark: _Toc494312705][bookmark: _Toc494373217][bookmark: _Toc494619929][bookmark: _Toc494620128]When CSI-RS is used for radio link monitoring, beam failure detection is performed on that same CSI-RS, and the same indications are used for beam failure detection.
Since different actions are taken as a result of beam failure detection and radio link monitoring, the procedures need to be controlled using different parameters. E.g., beam failure can be detected when a certain number of out-of-sync indications has been generated, whereas the corresponding action in the RLM procedure (start of the T310 timer) can occur when another (larger) number of out-of-sync indications have been generated.
[bookmark: _Toc492925191][bookmark: _Toc494620138]Since beam failure detection and radio link monitoring are controlled using different parameters, the network can control the procedures separately.
New candidate beam identification 
The important agreement #4 clarifies that the UE may use either the SS block or a CSI-RS to identify new beams, whereas the combination of SS block and CSI-RS is FFS. To provide further clarification regarding the use of the candidate beam identification RSs, we propose the following:
[bookmark: _Toc492925195][bookmark: _Toc494292741][bookmark: _Toc494311983][bookmark: _Toc494312706][bookmark: _Toc494373218][bookmark: _Toc494619930][bookmark: _Toc494620129]In Release-15, the UE can be configured to use either the SS block or CSI-RS for candidate beam identification, whereas the combined use of SS block and CSI-RS is not supported in Release-15. 
Hence, we propose that the combined use of SS block and CSI-RS is not supported in Release-15.
Beam failure recovery request transmission
Once the UE has identified a new candidate beam, it sends a beam failure recovery request in the resource configured by the network. In RAN1#89, it was agreed that NR will support the following channels to transmit the beam recovery request:
1. Non-contention based channel based on PRACH, which uses a resource orthogonal to resources of other PRACH transmissions, at least for the FDM case
2. PUCCH
In agreement #5, a direct association between CSI-RS and the PRACH resource is introduced. To benefit fully from such an association, the Rx beam of the gNB should have the same beam width as the CSI-RS Tx beam. With the current assumptions about how the PRACH can be transmitted (FDM or CDM with “other PRACH”), it is not possible to receive the PRACH using narrower Rx beams than the SS beams. To be able to use Rx beams with similar beam widths as the corresponding CSI-RS beams, a PRACH allocation that is TDM with the “other PRACH” must be supported. This essentially means that we lift the somewhat artificial limitations on the allocation of the beam recovery request signal. Hence, we propose
[bookmark: _Ref484785087][bookmark: _Toc490228671][bookmark: _Toc494312707][bookmark: _Toc494373219][bookmark: _Toc494619931][bookmark: _Toc494620130]For the purpose of beam recovery signal transmission, the UE will be provided with a PRACH preamble, a time allocation relative to the beam identification RS, and a frequency allocation. 
As transmission of the beam recovery request bears many similarities to the contention-free RACH procedure, there is good reason to reuse as much as possible of the procedure details for the transmission of the PRACH preamble, i.e., Msg1. Such procedure details include, e.g., the power control mechanism, and the number of re-transmissions. Note that the fact that we reuse the procedure details from random access does not mean that the parameter values need to be the same: e.g., the powerRampingParameters of the beam recovery request could be different than the powerRampingParameters for initial access. Hence, we propose

[bookmark: _Toc494619932][bookmark: _Toc494620131]Use the RACH procedure as baseline for the beam recovery request transmission procedure, but controlled by a different set of parameters. 

Regarding PUCCH, there is considerable uncertainty how this should be supported. It is not clear under what circumstances it should be used, nor is it clear if the PUCCH should be transmitted during slots when the base station is anyway performing Rx beam sweeping. Furthermore, it is not clear which PUCCH format should be used, and what information should be conveyed in the PUCCH. In addition, the cases where PUCCH would provide better performance than a PRACH-based solution is unclear. In [4], it was also shown that the cyclic prefix of the PUCCH may in some cases be insufficient. For all these reasons, and as the Release-15 deadline is approaching, we propose
[bookmark: _Toc492925199][bookmark: _Toc494292742][bookmark: _Toc494311984][bookmark: _Toc494312708][bookmark: _Toc494373220][bookmark: _Toc494619933][bookmark: _Toc494620132]Delay the introduction of PUCCH-based beam failure request transmission to Release-16. 
Agreement#9 from RAN1#89ah-NR is related to the transmissions of the beam failure request. Clearly, the intention is that number of transmissions should be controlled by the network, and the agreement opens up for a few possibilities to perform this control. Our interpretation is that it is the exact number of transmissions that should be controllable by the network, similar to how the control of the PRACH transmissions during initial access. Therefore, we propose:
[bookmark: _Ref489879763][bookmark: _Toc492925200][bookmark: _Toc494292743][bookmark: _Toc494311985][bookmark: _Toc494312709][bookmark: _Toc494373221][bookmark: _Toc494619934][bookmark: _Toc494620133]The network configures the UE with the exact number of transmissions of the beam failure recovery request. 
It is also reasonable that the UE performs power ramping during beam recovery, similar to the power ramping during initial access. The procedure may be controlled by other parameters, though. It is unclear what the benefit would be with a timer in addition to the number of transmissions: in our understanding, the UE can perform these transmissions over as long period as it likes. 
Beam failure recovery request response
RAN1 has agreed that the UE monitors NR PDCCH with the assumption that the corresponding PDCCH DM-RS is spatial QCL’ed with RS of the UE-identified candidate beam(s), i.e., with the beam identification RS. To minimize the UE complexity, it is reasonable that the UE monitors a single search space, and to provide maximum coverage, it is reasonable to use a large aggregation level. 
[bookmark: _Ref484785112][bookmark: _Toc492925202][bookmark: _Toc494292744][bookmark: _Toc494311986][bookmark: _Toc494312710][bookmark: _Toc494373222][bookmark: _Toc494619935][bookmark: _Toc494620134]The UE monitors a single search space with a large aggregation level for a response to the beam recovery request signal.
RAN1 has also agreed that the monitoring takes place during a time window, and that the UE may retransmit the beam recovery request under some circumstances. The exact conditions for retransmission should be handled by RAN2, but it is reasonable to use the PRACH retransmission scheme as a baseline. 
The beam recovery request response may convey additional control signaling in PDSCH to reestablish the connection with the UE. The necessity of that signalling is FFS.
Conclusions
In this contribution, we made the following observations:
Observation 1	Beam failure detection and radio link monitoring both aim to discover the situation that the NW cannot reach the UE with a control channel (PDCCH) transmission. Both beam failure detection and out-of-sync indication for RLM require that all control channels fail.
Observation 2	Using RSRP for beam quality triggering would lead to a challenging tuning task.
Observation 3	At SINR levels relevant for beam failure detection, it is more challenging to estimate RSRP than to estimate interference.
Observation 4	Since beam failure detection and radio link monitoring are controlled using different parameters, the network can control the procedures separately.

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.
Proposal 2	When CSI-RS is used for radio link monitoring, beam failure detection is performed on that same CSI-RS, and the same indications are used for beam failure detection.
Proposal 3	In Release-15, the UE can be configured to use either the SS block or CSI-RS for candidate beam identification, whereas the combined use of SS block and CSI-RS is not supported in Release-15.
Proposal 4	For the purpose of beam recovery signal transmission, the UE will be provided with a PRACH preamble, a time allocation relative to the beam identification RS, and a frequency allocation.
Proposal 5	Use the RACH procedure as baseline for the beam recovery request transmission procedure, but controlled by a different set of parameters.
Proposal 6	Delay the introduction of PUCCH-based beam failure request transmission to Release-16.
Proposal 7	The network configures the UE with the exact number of transmissions of the beam failure recovery request.
Proposal 8	The UE monitors a single search space with a large aggregation level for a response to the beam recovery request signal.
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