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Introduction
[bookmark: _GoBack]In earlier RAN1 meetings, the following agreements were made:
Agreement #1 (RAN1#90b):
For a UE, only periodic CSI-RS or SSB which is spatially QCL’ed with PDCCH DMRS is used for beam failure detection
Support explicit configuration for the periodic CSI-RS for beam failure detection
If this configuration is not made, the default mode is the following:
UE expects at least one of periodic CSI-RS or SSB is spatially QCL’ed to PDCCH DMRS

Agreement #2 (RAN1 AdHoc 1801): 
· From RAN1 perspective, contention-free PRACH-based beam failure recovery is considered unsuccessful when one of the following conditions is met
· Upon expiry of Beam-failure-recovery-Timer 
· Upon reaching max. # of BFRQ transmissions
Include as part of LS to RAN2
Agreement #3 (RAN1 AdHoc 1801): 
Behavior of Beam-failure-recovery-Timer
· Start Beam-failure-recovery-Timer upon beam failure detection event declared by UE
· Stop Beam-failure-recovery-Timer upon reception of gNB response for beam failure recovery request transmission
Include as part of LS to RAN2

In this contribution, we address remaining issues on beam recovery.
[bookmark: _Ref178064866]Discussion
Beam failure detection

Agreement #1 describes the beam failure detection RSs, whereas [1] introduces the set . Agreement #1 explains that the set of beam failure detection RSs can be determined in two ways:
· By explicit configuration of a periodic CSI-RS
· By implicit configuration derived from the QCL properties of the PDCCH DMRS

The same two options for determining are described in the first paragraph of section 6 in [1]. From agreement #2, we can also note that only in the default mode, the UE may expect that at least one periodic CSI-RS or SSB is spatially QCL with the PDCCH DMRS. When the set of beam failure detection RSs is explicitly configured, the UE cannot make that assumption, but will still be required to perform beam failure detection based on the beam failure detection RSs. The background for the lack of such a spatial QCL assumption is to allow for beam management without beam indication.

In our understanding, in [1] is identical to the set of beam failure detection RSs.
According to agreements, beam failure occurs when the UE detects that the quality estimated from all beam failure detection RSs fall below a certain threshold. However, the current text in [1] describes a somewhat different condition:
Extract from section 6 in [1]:

For the set , the UE shall assess the radio link quality only according to periodic CSI-RS resource configurations or SS/PBCH blocks that are quasi co-located, as described in [6, TS 38.214], with the DM-RS of PDCCH receptions DM-RS monitored by the UE.

The extract describes that the monitoring is only performed on a subset of the RSs in .  This is not consistent with the agreement that beam failure is triggered based on the quality of all beam failure detection RSs. We propose that this is clarified in [1]:

[bookmark: _Ref503508243][bookmark: _Toc503533863][bookmark: _Toc506534283][bookmark: _Toc510814784]Clarify that the UE evaluates the radio quality for all elements in the set .


In the case where is not explicitly configured, the UE would rely on the QCL properties of the PDCCH DMRS, given by the activated state in tci-StatesPDCCH. It is quite likely that one of the RSs in the activated TCI state is a TRS, since TRS is required to demodulate the PDSCH, and the same TCI state is often reused for PDCCH. However, only an SSB or a CSI-RS resource can be used to assess the radio link quality. To use implicit configuration of , we would have to use different TCI states for PDCCH and PDSCH, which would mandate the use of the option tci-PresentInDCI, i.e., ‘PDSCH follows PDCCH’ would not be possible.
Fortunately, a TRS is nothing but a CSI-RS resource set, with the additional property that the CSI-RS transmitted in all the CSI-RS resources in the set are transmitted over the same antenna port. Hence, the UE may use any of the CSI-RS resources in the TRS to perform beam level monitoring, and there is no additional functionality required in the UE to perform this monitoring. Hence, we propose
[bookmark: _Ref510598904][bookmark: _Toc510600009][bookmark: _Toc510814785]If UE is configured to monitor radio link quality based on a CSI-RS resource set with trs-Info=’true’ (CSI-RS for tracking), the UE monitor radio link quality based on any of the CSI-RS resources in the CSI-RS resource set.
A text proposal is given in the appendix.
The beam recovery timer
During the development of the beam recovery functionality, RAN1 has from time to time discussed the beam recovery timer. The most recent agreements are listed in agreements #2 and #3. Despite the long discussions, RAN1 never agreed on the purpose of the timer: how would the UE behave while the timer was running, and more importantly, what would the UE do when the timer expires. Based on that input, RAN2 tried to establish a use case for the timer but found that the beam recovery timer did not provide any additional functionality on top of the already existing timers and retransmission counters. Considering this, RAN2 decided to remove the beam recovery timer from the MAC specification.  
During RAN #79, the beam recovery issue resurfaced, resulting in the way forward [2], where it is stated that
· The RAN2 procedure is kept.
· RAN1 may further discuss whether and how the timer is used in the context of contention-based random access (CBRA). 
In NR, both contention-based and contention-free beam recovery is supported. The difference between CB and CF is that for CF, the UE is assigned a dedicated PRACH resource for the transmissions, and upon receiving the PRACH in that resource, the NW can directly identify which UE transmitted the beam recovery request and can directly respond with the C-RNTI. For CB, the UE chooses a resource from the pool of common PRACH resource and uses that to transmit the beam recovery request. In this case, the NW does not know which UE transmitted the PRACH, nor does the NW know the purpose of that transmission. Here, the NW transmits a random access response, which includes a RA-RNTI as identifier. When receiving the RA-RNTI, the UE responds with a Msg3, which includes its own C-RNTI in the payload. Upon receiving Msg3, the NW transmits Msg4 to resolve the contention. 
In current specifications [3][4], the UE would use contention-free beam recovery if configured with contention-free resources: 
BFR-SSB-Resource ::= 			SEQUENCE {
	-- The ID of an SSB transmitted by this serving cell. It determines a candidate beam for beam failure recovery (BFR)
	ssb								SSB-Index,
	-- The preamble index that the UE shall use when performing BFR upon selecting the candidate beams identified by this SSB.
	ra-PreambleIndex				INTEGER (0..63),
	...
}


When no such resource is defined, the UE would use contention-based beam recovery, using all SSBs in the cell. Furthermore, according to [3], even when contention-free resources are defined, if none of the configured RSs fulfill the RSRP criterion for candidate beam selection, the UE would search among all SSBs in the cell. From [3], it is also clear that the selection between contention-free and contention-based resources is done once per PRACH transmission: if the UE selects a contention-free resource for the first transmission, but does not get any response, the UE may select a contention-based resource in the next PRACH transmission. 
Regarding the use of the timer in the context of CBRA, the critical issue is to determine what could happen when the timer expires. Below, we describe and assess the relevant actions at the expiry of the beam recovery timer. Note that most of the actions are relevant also for CFRA. 
· The UE may declare radio link failure when the timer expires. This would simply be a parallel functionality to the T310 timer, which is stated based on a very similar criterion. So, this does not seem like a reasonable action to take, since it adds no functionality.
· The UE could stop transmitting PRACH for an identified candidate RS. This seems to be wasteful: if the UE has identified an RS, it should capitalize on the identified possibility to reach the NW.
· The UE can stop searching for candidate RSs if none has been found. This alternative has some merit, but it does not make sense that the UE should stop searching, and never start again. To the very least, the UE should reset the counter and the timer, which may reinitiate the candidate beam identification after a (small) delay. Hence, a significant amount of additional functionality is required in [3] to describe this.
· The UE may initiate CBRA when the timer expires during CFRA. This action does not really add any functionality. As discussed above, CBRA is used as soon as CFRA fails anyway: if the UE is unable to find a candidate RS among those configured for CFRA, it will select one from the CBRA pool (SSBs). Hence, the desired functionality is already in place in the standard and introducing the timer would only lead to a more complicated standard, and probably reduced performance.
The conclusion from this consideration is that there is no point in reintroducing the beam recovery timer, since it does not add any functionality. Hence, there is no need for RAN2 to revisit the procedure:
[bookmark: _Toc510814780]There is no need to revisit the RAN2 procedure for the beam failure event; in particular, there is no need to introduce the beam recovery timer considering CBRA.

Regarding CBRA, [1] currently does not describe how L1 delivers SS-RSRP measurements for SSBs that are not part of the set . Remember that for CBRA, the UE will search among all SSBs in the current cell, and the UE will choose any of these SSBs if none of the corresponding SS-RSRP measurements is above the configured threshold. We suggest adding text in section 6 in [1] to describe also how L1 provides SS-RSRP measurements for CBRA:
[bookmark: _Ref510525065][bookmark: _Toc510814786]Describe in section 6 in [1] how L1 provides SS-RSRP measurements for CBRA.
A text proposal is provided in the appendix.
Issues on beam recovery request reception
Current specification [4] describes how the UE is configured for beam recovery in the IE BeamFailureRecoveryConfig:
BeamFailureRecoveryConfig ::= 		SEQUENCE {
	rootSequenceIndex-BFR				INTEGER (0..137)															OPTIONAL,	--	Need M
	-- Configuration of contention free random access occasions for BFR
	rach-ConfigBFR						RACH-ConfigGeneric															OPTIONAL,	--	Need M
	-- L1-RSRP threshold used for determining whether a candidate beam may be used by the UE to attempt contention free 
	-- Random Access to recover from beam failure. The signalled threshold is applied directly for SSB, a threshold for 
	-- CSI-RS is determined by linearly scaling singalled value based on Pc_ss corresponding to the CSI-RS resource.
	-- (see FFS_Specification, FFS_Section)
	candidateBeamThreshold		RSRP-Range																			OPTIONAL,	--	Need M
	-- A list of reference signals (CSI-RS and/or SSB) identifying the candidate beams for recover and the associated RA parameters
	candidateBeamRSList					SEQUENCE (SIZE(1..maxNrofCandidateBeams)) OF PRACH-ResourceDedicatedBFR		OPTIONAL,	--	Need M
	-- Explicitly signalled PRACH Mask Index for RA Resource selection in TS 36.321. The mask is valid for all SSB resources
	ra-ssb-OccasionMaskIndex			INTEGER (0..15)																OPTIONAL, 	--	Need M
	-- Control Resource Set that the UE uses to receive the random access response for beam failure recovery. 
	-- If the field is absent the UE uses the initial CORESET (ControlResourceSetId = 0)
	recoveryControlResourceSetId		ControlResourceSetId														OPTIONAL	,	-- Need S
	-- Search space to use for BFR RAR. If the field is absent, the UE uses the initial Serach Space (SearchSpaceId = 0).
	recoverySearchSpaceId				SearchSpaceId																OPTIONAL,	-- Need S
	...
}

We note that the IE contains both a CORESET (described by recoveryControlResourceSetId) and a search space (described by recoverySearchSpaceId). Since one of the IE included in the search space is a CORESET, there is currently a risk that there is a mismatch between the CORESET defined as part of the search space, and the separately specified CORESET. RAN2 is currently removing this risk of ambiguity by removing the specification of the additional CORESET. Since the CORESET is defined inside the search space, the configuration provides the desired specification of the functionality: the one-to-one mapping between search space and CORESET is unambiguously specified in the search space definition:
[bookmark: _Toc510814781]The one-to-one mapping between SearchSpace-BFR and CORESET-BFR is specified in the definition of SearchSpace-BFR. 
In NR, a maximum of 3 CORESETs can be defined per BWP per cell, but the minimum UE capability is CORESET 0 and one additional UE-specific CORESET. Clearly, the number of CORESETs is a very limited resource. Under normal circumstances, the UE would use CORESET 0 during connection setup, but to configure TCI states, another UE-specific CORESET (CORESET 1) should be used. In this case, there is no possibility to reserve a CORESET for beam recovery request response; the UE would have to monitor a search space associated with CORESET 0 or CORESET 1. This possibility already exists in the specification, there is no restriction on the values that recoverySearchSpaceId can take:
[bookmark: _Toc510814782]It is possible to configure the UE to monitor a search space associated with CORESET 0 or CORESET 1 to receive the beam recovery request response.
There has bee quite some discussions in RAN1 about the QCL assumptions that UE would make when receiving the beam recovery request response message, and the subsequent communication. In that discussion, it was assumed that the CORESET did not have any activated TCI states. 
However, a CORESET which is used for communication with a UE will have configured TCI state(s), and one of them will be activated. Even if a UE declares beam failure, that TCI state remains activated. Of course, the desired behaviour is that the UE discards the activated TCI state, and uses the QCL properties of f . However, as long as there is any activated TCI state, there is a potential conflict between the QCL properties described by the activated TCI state and those of , and with an activated TCI state, we cannot reuse the initial access functionality.
We propose to clarify this in the following proposal:
[bookmark: _Ref510517160][bookmark: _Toc510814787]When a UE transmits PRACH, it deactivates all TCI states for the CORESET(s) in the monitored search space(s) and uses the QCL properties of the RS used as reference for the PRACH transmission until TCI states are activated.
Note that Proposal 4 is quite general, it applies to all PRACH transmissions: beam recovery, PDCCH order, handover. The behaviour is relevant in all these cases as well.
The issue of PDCCH monitoring has been brought up during the beam recovery discussions at several occasions. We again note that PDCCH monitoring is a very basic piece of functionality in NR, as in LTE. The UE is required to monitor all search spaces it has been configured. In LTE, there are essentially only two exceptions to this rule: the UE is not required to monitor PDCCH during measurement gaps or outside the ON durations in DRX. The same principle should apply in NR, and there is no motivation to deviate from this rule for beam recovery:
[bookmark: _Toc510814788]The UE should monitor all the PDCCH candidate in all the search spaces it has been configured.
Other
In [1], it is still TBD how  is determined. However, the procedure of determining a suitable candidate beam is already described in section 5.1.2 in [3]. Hence, from L1 point of view, the selection is performed by higher layers. 
 is determined by higher layers.
A text proposal is provided in the appendix.
The indication interval for beam failure monitoring is determined by the periodicities of the RSs in , but is never shorter than X, where X is till open. Of course, it is beneficial to quickly discover when the quality of the beam failure detection RSs becomes bad. However, it is crucial to distinguish a real drop in quality, caused by, e.g., blocking, from a drop in quality caused by a fading dip, which means that the quality estimate anyway needs to be filtered in time before it triggers beam recovery. The triggering speed will then be determined by this filtering (the evaluation period), rather than the indication interval. The exact same situation applies for radio link monitoring, where the evaluation period for out-of-sync indication is 200ms. With an evaluation period of 200ms, providing indications every 10ms seems unnecessary. Since the generation of out-of-sync indications can be somewhat complex in the UE, it would make sense to use an X which is larger than 10ms. Hence, we propose:
[bookmark: _Toc510814790]Use 20ms as the lower bound on the indication interval
In [5], RAN2 asks two questions about the relation between the RSs used for RLM and beam monitoring. In current agreements in RAN1, there is no relation between the two RS groups: they are configured independently, and hence the number of RSs for the two purposes are also stated separately. 
However, if RSs are explicitly configured for RLM and beam monitoring, it is quite likely that the same RSs are used. To be more precise, an RS used for beam monitoring is likely one of the RSs used for radio link monitoring. 
[bookmark: _Toc510814783]It is likely that an RS used for beam monitoring is also used for radio link monitoring.
Since this monitoring is a complex procedure in the UE, it may be valuable to restrict the beam monitoring RSs to the set of RSs used for RLM.
Conclusions
In this contribution, we made the following observations:
Observation 1	There is no need to revisit the RAN2 procedure for the beam failure event; in particular, there is no need to introduce the beam recovery timer considering CBRA.
Observation 2	The one-to-one mapping between SearchSpace-BFR and CORESET-BFR is specified in the definition of SearchSpace-BFR.
Observation 3	It is possible to configure the UE to monitor a search space associated with CORESET 0 or CORESET 1 to receive the beam recovery request response.
Observation 4	It is likely that an RS used for beam monitoring is also used for radio link monitoring.

We make the following proposals:

Proposal 1	Clarify that the UE evaluates the radio quality for all elements in the set .
Proposal 2	If UE is configured to monitor radio link quality based on a CSI-RS resource set with trs-Info=’true’ (CSI-RS for tracking), the UE monitor radio link quality based on any of the CSI-RS resources in the CSI-RS resource set.
Proposal 3	Describe in section 6 in [1] how L1 provides SS-RSRP measurements for CBRA.
Proposal 4	When a UE transmits PRACH, it deactivates all TCI states for the CORESET(s) in the monitored search space(s) and uses the QCL properties of the RS used as reference for the PRACH transmission until TCI states are activated.
Proposal 5	The UE should monitor all the PDCCH candidate in all the search spaces it has been configured.
Proposal 6	 is determined by higher layers.
Proposal 7	Use 20ms as the lower bound on the indication interval
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Appendix: Text proposals for 38.213, section 6
Text proposal resulting from Proposal 1
>>>>>>>>>>>> Start text proposal 1 >>>>>>>>>>>>


The thresholds Qout,LR and Qin,LR correspond to the default value of higher layer parameter RLM-IS-OOS-thresholdConfig and Beam-failure-candidate-beam-threshold, respectively. The physical layer in the UE shall assess the radio link quality according to the set  of resource configurations against the threshold Qout,LR [10, TS 38.133]. For the set , the UE shall assess the radio link quality only according to periodic CSI-RS resource configurations or SS/PBCH blocks that are quasi co-located, as described in [6, TS 38.214], with the DM-RS of PDCCH receptions DM-RS monitored by the UE. The UE applies the Qin,LR threshold to the L1-RSRP SS/PBCH blocks. The UE applies the Qin,LR threshold to the L1-RSRP for the CSI-RS resource after scaling a respective CSI-RS reception power with a value provided by higher layer parameter Pc_SS.
>>>>>>>>>>>> End text proposal 1 >>>>>>>>>>>>
Text proposal resulting from Proposal 2
>>>>>>>>>>>> Start text proposal 2 >>>>>>>>>>>>





[bookmark: _Hlk510613858]A UE can be configured, for a serving cell, with a set  of periodic CSI-RS resource configuration indexes by higher layer parameter Beam-Failure-Detection-RS-ResourceConfig and with a set  of CSI-RS resource configuration indexes and/or SS/PBCH block indexes by higher layer parameter Candidate-Beam-RS-List for radio link quality measurements on the serving cell. If the UE is not provided with higher layer parameter Beam-Failure-Detection-RS-ResourceConfig, the UE determines the set  to include SS/PBCH block indexes and periodic CSI-RS resource configuration indexes with same values as the RS indexes in the RS sets indicated by the TCI states for respective control resource sets that the UE is configured for monitoring PDCCH. If an element of is a CSI-RS resource set with trs-Info=’true’, , the UE may use any of the CSI-RS resources in the CSI-RS resource set. The UE expects single port RS in the set .    
>>>>>>>>>>>> End text proposal 2 >>>>>>>>>>>>

Text proposal resulting from Proposal 3
[bookmark: _Toc499057715]>>>>>>>>>>>> Start text proposal 3 >>>>>>>>>>>>

Upon request from higher layers, the UE shall provide to higher layers the periodic CSI-RS configuration indexes and/or SS/PBCH block indexes from the set  and the corresponding L1-RSRP measurements that are larger than or equal to Qin,LR. Upon request from higher layers, Layer1 shall provide a list of set of RSRP measurements for a set of SS/PBCH block indexes received from higher layers.
>>>>>>>>>>>> End text proposal 3 >>>>>>>>>>>>
Text proposal resulting from Proposal 6
>>>>>>>>>>>> Start text proposal 4 >>>>>>>>>>>>
The UE may receive from higher layers, by parameter Beam-failure-recovery-request-RACH-Resource, a configuration for a PRACH transmission as described in Subclause Error! Reference source not found., and an index of a CSI-RS resource or SS/PBCH block.
>>>>>>>>>>>> End text proposal 34>>>>>>>>>>>>
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