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Introduction
In previous RAN1 meetings, the following agreements have been 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 AH 1801):
For beam failure detection model, PHY performs detection of beam failure instances, and indicates a flag to higher layer if a beam failure instance is detected
· FFS: When/Whether PHY needs to report candidate beam list and beam failure instance to MAC
· FFS: Whether non-beam failure instance is defined or is needed
Include as part of LS to RAN2

In this contribution, we provide discussions on the remaining details for the beam recovery procedure.
[bookmark: _Ref178064866]Discussion
It is becoming increasingly clear that a significant part of the beam recovery procedure will be defined by RAN2 and captured in 38.321 [2]. As RAN2 is also discussing beam recovery [3][4][5][6][7], it is important to focus the discussions in RAN1 on issues where RAN1 has the responsibility, while leaving the remaining topics to RAN2. In particular, the following topics should be handled/decided by RAN2:
· The beam failure recovery timer
· The structure for the parameters controlling beam failure recovery
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]Clarify that the UE evaluates the radio quality for all elements in the set .
We provide a text proposal in the appendix.
In agreement #2, the indications of beam failure instances are described. There is also an FFS on the need for a non-beam failure instance. The same issue was brought forward in the LS from RAN2 [8].
Without the non-beam failure instances, there is an implicit assumption that the beam failure instances are periodically indicated as the absence of an indication can be detected. For this the MAC layer needs to be aware of the periodicity and start a timer at each beam failure instance. This adds complexity to MAC while at the same time a new procedure very similar to RLM is added. It should be better to reuse a known and proven design instead of designing something new this late in the standardization procedure. Therefore, we propose 
[bookmark: _Ref506286850][bookmark: _Toc506534284]L1 shall provide non-beam failure instance indications to higher layers when the quality of any beam failure detection RSs is above a certain threshold Qin.
Here we also propose to reuse the default in-sync threshold for RLM:
[bookmark: _Toc506534285]Reuse the default value of the in-sync threshold from RLM to generate the non-beam-failure instances.
 A text proposal is provided in the appendix.
One open issue in the discussion is the value range of the higher layer parameter BeamFailureDetectionMaxCount: how many consecutive beam failure instances are needed before the UE declare beam failure. Here, we may use the RLM parameter N310 as a starting point: in LTE, the N310 parameter may take the following values: {1,2,3,4,6,8,10,20}. As beam failure should be a faster procedure than RLM, the largest value is not needed, and we propose the following value range:
[bookmark: _Toc506534286]Use the following value range for the higher layer parameter BeamFailureDetectionMaxCount: {1,2,3,4,5,6,8,10} [subframes]
Reception of beam failure request response
Prior to beam failure, the UE monitors a certain CORESET (CORESET A) for PDCCH reception. Then, RAN1 has agreed that the UE is required to monitor a dedicated CORESET (CORESET B) after the transmission of a beam failure recovery request until the UE receives a response to the beam failure recovery request. However, RAN1 has not yet agreed about the monitoring of CORESET A during different parts of the beam recovery procedure.
In general, monitoring a CORESET and the associated control channel is a very basic principle in NR, just as in LTE. In LTE, a UE in RRC_CONNECTED mode is always required to monitor the PDCCH for, e.g., scheduling grants. The only two exceptions are during measurement gaps and outside the ON durations in DRX.
[bookmark: _Toc503536196][bookmark: _Toc506289324]In LTE, the only situations when the UE is not required to monitor its allocated PDCCH is during the non-active time in DRX and during measurement gaps. In all other subframes, the UE is required to monitor its allocated PDCCH. 
In particular, we note that the UE is still required to monitor the PDCCH when the T310 timer is running, i.e., when the UE considers itself out-of-sync. Thus, the situations when the UE is allowed to stop monitoring the PDCCH are very limited. This stringent requirement is motivated by that the NW should be able to always reach the UE. So far, no additional exceptions to this rule have been included in the NR specification. We suggest clarifying this for beam recovery: 
[bookmark: _Toc503533866][bookmark: _Toc506534287]During the entire beam recovery procedure, the UE is required to monitor its allocated CORESET(s) (and all the associated search spaces) in addition to the beam recovery CORESET.
We realize that monitoring CORESETs and the associated search space may be complex for the UE. The easiest way to reduce the complexity of the UE would be to revert the decision to monitor a dedicated CORESET.
Contention-based random access for beam recovery
RAN1 has only agreed to use contention-free (CF) access during beam recovery. In parallel, RAN2 is considering contention-based (CB) access for beam recovery. So far, neither RAN1 or RAN2 has agreed what resources would be used for CB access. Essentially there are two options:
· Define a separate pool of resources for CB access
· Use a shared pool of resources for all uses of CB access
If a separate pool of resources would be used, the gNB could directly determine that the PRACH transmission originated from a beam failure recovery request transmission. On the other hand, we would need to split the CB resources also for this purpose. This is avoided with a shared pool of resources, but on the other hand, the UE would have to indicate that it is a beam recovery request transmission in Msg3 rather than in Msg1. 
Note that even with a dedicated pool of CB resources, Msg3 is still required to identify the UE. There is thus no reduction in latency with a dedicated pool of CB resources, which leads to the following proposal:
[bookmark: _Toc506534288]Do not specify a separate set of RACH resources for contention-based beam recovery.
One related question is how CF and CB access relate. Sometimes, it is suggested that CB access can be used as a fallback: when CF fails, the UE would apply CB, which may then succeed. However, with a reasonable configuration of the contention-free mode, this would not happen: as long as the RSs used for candidate beam identification are the same, the candidate beam identification procedure is the same. Thus, there is little point in adding CB as a fallback to CF. Hence, we propose
[bookmark: _Toc506534289]The UE performs CF access after beam failure if it is configured with parameters for CF access; otherwise the UE performs CB access.
Beam recovery on SCell
In the LS from RAN2 [8], RAN2 asks if beam recovery will be used on the SCell. Since beam recovery is a L1/L2 procedure, it would seem attractive to operate beam recovery independently on SCell. However, there are complications with such an approach: usually, there are no random access resources allocated on the SCell. 
We should also note that beam recovery was developed to provide a means to quickly recover when the NW has lost contact with the network, and no other means are available to restore the connection. For the SCell, it is possible to configure the UE to report measurements over the PCell. Hence, if the SCell becomes bad while the PCell is still operational, the UE can report the status of the SCell over the PCell using normal reporting. Hence, we realize that beam recovery over SCell is a performance enhancement for a certain configuration option. Hence, we propose
Do not support beam recovery on SCells.

Conclusions
In this contribution, we made the following observations:
Observation 1	In LTE, the only situations when the UE is not required to monitor its allocated PDCCH is during the non-active time in DRX and during measurement gaps. In all other subframes, the UE is required to monitor its allocated PDCCH.

We make the following proposals:

Proposal 1	Clarify that the UE evaluates the radio quality for all elements in the set .
Proposal 2	L1 shall provide non-beam failure instance indications to higher layers when the quality of any beam failure detection RSs is above a certain threshold Qin.
Proposal 3	Reuse the default value of the in-sync threshold from RLM to generate the non-beam-failure instances.
Proposal 4	Use the following value range for the higher layer parameter BeamFailureDetectionMaxCount: {1,2,3,4,5,6,8,10} [subframes]
Proposal 5	During the entire beam recovery procedure, the UE is required to monitor its allocated CORESET(s) (and all the associated search spaces) in addition to the beam recovery CORESET.
Proposal 6	Do not specify a separate set of RACH resources for contention-based beam recovery.
Proposal 7	The UE performs CF access after beam failure if it is configured with parameters for CF access; otherwise the UE performs CB access.
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Appendix: Text proposals for 38.213, section 6
Text proposal resulting from Proposal 1 and Proposal 2
[bookmark: _Toc499057715]>>>>>>>>>>>> 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 thresholds Qout,LR and Qin,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 configured Qout,LR and Qin,LR thresholds for the periodic CSI-RS resource configurations assuming a same transmission power between the periodic CSI-RS and PDCCH DM-RS. The UE applies the Qout,LR and Qin,LR thresholds for SS/PBCH blocks after scaling a SS/PBCH block transmission power with a value provided by higher layer parameter Pc_SS. 




The physical layer in the UE shall, in slots where the radio link quality according to the set  is assessed, provide an beam failure instance indication to higher layers 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,LR. The physical layer in the UE shall provide a non-beam failure instance indication to higher layers when the radio link quality for any of the corresponding resource configurations in the set  that the UE uses to assess the radio link quality is better than the threshold Qin,LR. The physical layer informs the higher layers when the radio link quality is worse than the threshold Qout,LR with a periodicity determined by the maximum between the shortest periodicity of periodic CSI-RS configurations or SS/PBCH blocks in the set  and X.  

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. the higher layer parameter Beam-failure-candidate-beam-threshold.
>>>>>>>>>>>> End text proposal 1 >>>>>>>>>>>>
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