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Introduction
In the RAN4 October meeting in Chengdu, RAN4 continued the beam management related UE requirements. Based on the discussions a way forward was agreed in [1]. In this paper we continue the discussion based on the WF and present our views on the different open aspects in the WF.
Discussion
The way forward addresses the two open issues to be discussed for beam management:
· Beam Failure Detection (BFD)
· Link Recovery (also referred to as Candidate Beam Detection - CBD)
In essence the BFD is about monitoring the DL beam link quality against the given threshold as indicated by parameter rlmInSyncOutOfSyncThreshold. If all RS sets used or BFD are below the threshold the UE L1 indicates this to MAC layer of the UE by L1 indications. Such indication shall happen based on the maximum of the shortest periodicity of the RS used for link monitoring and 2ms.
Link recovery is managed by MAC. A MAC level counter is used to count the number of L1 indication. If the MAC counter reaches the beamFailureInstanceMaxCount link recovery is initiated by MAC. I.e. the beamFailureInstanceMaxCount is used as L2 filter of the L1 indications. Link recovery is done by UE initiating random access procedure on a candidate beam based on L1-RSRP DL beam measurements.

Beam Failure Detection
Concerning Beam Failure Detection, a number of open issues are raised in the WF [1]. Next, we look at these open topics.

BLERout,LR used for BFD
n last meeting it was common understanding that the BLERout,LR is fixed as 10%. However, this is against the RAN1 [38.213] specification which states that the BLERout,LR level is controlled by the parameter rlmInSyncOutOfSyncThreshold. This parameter indicates which of the two levels to apply on UE side. I.e. it can be 10% BLER level or it can be BLER level 2 (which is still undecided in RAN4). RAN4 specification would need to reflect the RAN1 decisions.
[bookmark: _Hlk528964703]BLERout,LR level is given by the parameter rlmInSyncOutOfSyncThreshold.
We have correction CR updating this error.

SSB as Beam Failure Detection RS
One open aspect is whether the SSB can be used as RS for BFD. Our understanding is that RAN1 decisions in last meeting are such that in practise it is no longer possible to use SSB as BFD RS.
SSB cannot be used as RS for Beam Failure Detection.
Based on this following BFD discussions does not consider the SSB as SSB RS.

UE Beam sweeping for Beam Failure Detection
Beam failure detection is about monitoring the currently used DL beam quality against the set BLER level. This means UE shall measure the BFD CSI-RS configured for the currently active DL – either as configured in q0 or indirectly through the active TCI state.
The UE would not need to measure the DL quality of other beams than the currently active beams. The UE may of course measure other beam candidates as long as this does not impact system performance and UE scheduling availability. E.g. if the UE can receive with more than the active panel without impact on the scheduling. 
UE shall monitor beam quality of the active beams.
UE is not required to monitor other non-active beams. Therefore, there is no need for UE beam sweeping relaxation for BFD.
No scaling factor is needed for Beam Failure Detection.
The UE can expect that the RS configured for Beam Failure Detection is QCL-Type-D with the corresponding active TCI-state. I.e. UE is only required to monitor accordingly – the RS for BFD can be received without any need for Rx sweeping.
Based on this the conditions for N=1 are always fulfilled.
The conditions for N=1 are always fulfilled.
In RAN4 we can therefore remove the scaling factor from the Link Recovery requirements.
Remove the scaling factor from the Link Recovery requirements.
It should be noted that only periodic CSI-RS can be used for BFD

Requirements covering D=1
Currently there are two densities defined, D=1 and D=3. Discussions have been ongoing whether requirements are needed for the D=1 case in addition to D=3 case.
In our view the D=1 is an equally important case to test as the D=3. D=1 allows certain benefits compared to D=3 e.g. in terms of RS overhead. Similarly, it can be seen from the LL simulations that accuracy when using D=1 can be acceptable and even comparable to when using D=3 provided samples and BW are accounted.
As D=1 is part of the baseline NR system design this means that requirements also need to be defined. Adding requirement for D=1 in addition to D=3 is not seen as a great additional effort when it comes to RAN4 work.
From testing perspective, the D=1 can be tested using similar principle as used for other parameter testing such that UE supporting the D=3 and D=1 only need to pass one of two defined test cases.
RAN4 defines requirements for D=1.

UE UL transmissions when beam failure has been detected
Shortly discussed in last meeting was the expected UE behavior when beam failure has been detected. Is the UL allowed to continue UL transmissions or is it supposed to stop UL transmissions. 
When Beam Failure is detected the UE shall perform link recovery and search new candidate beams and shall prioritize such measurements to enable fast link recovery. When performing Candidate Beam Detection UE would likely need to search in all directions (i.e. perform Rx beam sweeping) and UL/DL transmissions will become impacted. 
However, it may be beneficial to allow continuous UL/DL transmission even when performing candidate beam search although there might be a drop in system performance. It is however important, that once Random Access procedure is started on the new candidate beam, the random access procedure is not interrupted by any other possible ongoing UL/DL transmissions, as this may lead to link recovery failure. 
UE may continue UL transmissions while searching new candidate beams.
UL and DL transmissions may continue during the link recovery procedure provided this does not impact the link recovery procedure.

Conclusion
In this paper we discuss the aspects still open related to beam failure detection. Based on the discussion we observe and propose:
1. BLERout,LR level is given by the parameter rlmInSyncOutOfSyncThreshold.
1. SSB cannot be used as RS for Beam Failure Detection.
1. UE shall monitor beam quality of the active beams.
1. No scaling factor is needed for Beam Failure Detection.
The conditions for N=1 are always fulfilled.
Remove the scaling factor from the Link Recovery requirements.
RAN4 defines requirements for D=1.
UE may continue UL transmissions while searching new candidate beams.
UL and DL transmissions may continue during the link recovery procedure provided this does not impact the link recovery procedure.
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