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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 [R4-1813736]. 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.

Link Recovery – Candidate Beam Detection
Discussion related to link recovery and candidate beam detection also took place in last meeting and included in the WF [1]. Next, we discuss the open issues in the WF related to candidate beam detection.
Impact from Link Recovery (CBD) measurements
Two options were discussed in last meeting:
· Measurements are performed only when beam failure is detected
· UE implementation
It is clear that measurements for link recovery should only be necessary once the link has failed. I.e. there is no requirement for the UE to continuously perform these measurements. However, the UE may perform such measurements provided that they do not impact the system performance e.g. in terms of reducing scheduling opportunities or causing interrupts.
I.e. the UE is allowed to perform such link recovery measurements whenever it sees the benefit, provided it does not cause reduction in system performance (e.g. scheduling restrictions). The UE is not allowed to perform link recovery measurements unless needed, if these measurements cause negative system impact.
Once the link recovery procedure has been triggered and the UE needs to search for recovery candidates, the UE may not be continuously available for scheduling – i.e. scheduling restrictions may apply.

Performing Link Recovery Measurements
Another aspect to discuss is the actual link recovery measurements – candidate beams detection. Candidate RS can be SSB and CSI-RS.
In both cases the UE likely need to be allowed time to perform sweeping in order to search full spherical coverage to enable detection of the configured candidate RS.
However, if SSB is used as candidate RS the UE will already have readily available measurements from the available SSBs in its surroundings, as the UE is required to perform continuous intra-frequency measurements. When the UE performs intra-frequency measurements it will detect and measure any SSB detectable within its vicinity as the UE is assumed to search in manner covering full sphere.
When performing SSB based link recovery, the UE will have readily available link recovery measurements.
During SSB-based link recovery there is no need for additional measurement latency.
For this case N=1 would apply.
When link recovery is based on CSI-RS UE likely need to be allowed time to perform candidate measurements as it cannot be assumed that UE has measured the candidate CSI-RS prior to the entering the link recovery procedure. One exception is if the candidate beams in q1 all are QCL-Type-D. In this case the UE would have been able to measure the candidate beams prior to entering link recovery and no additional measurement delay would be needed. However, this can only be assumed if the UE is required to measure the candidate beam also when link recovery procedure has not been triggered.
If performing CSI-RS based link recovery and all the candidate RS is QCL-Type-D, the UE may have readily available link recovery measurements.
For this case N=1 would apply.
If not all candidate RS are QCL-Type-D the UE would need to apply Rx beam sweeping to measure all link recovery RS and provide the result to MAC.
In case UE would need Rx beam sweeping it important to recall that MAC expect that when the UE determines if there is an SSB with SS-RSRP above rsrp-ThresholdSSB or a CSI-RS with CSI-RSRP above rsrp-ThresholdCSI-RS, the UE uses the latest unfiltered L1-RSRP measurement.
The UE uses the latest unfiltered L1-RSRP measurement when determining suitable candidates.

Measurement Priorities
Measurement priorities once the link recovery procedure has been triggered was also discussed in the Chengdu meeting. Here it was discussed whether link recovery measurements shall be delayed due to other L3 measurements.
From system point of view, once the UE has detected Beam Failure and link problem, the most important measurement task is to detect new candidate beams for re-establishing the link – I.e. ensure fast and efficient link recovery. Hence, measurements for link recovery, Candidate Beam Detection, shall be prioritized by the UE. If link recovery measurement collides with any L3 measurements, such measurements are postponed.
Measurements for link recovery, Candidate Beam Detection, shall be prioritized by the UE.
In appendix we have provided text proposal under text proposal 1. The proposal is captured in CR [2]

Additionally, measurement priority with relation to DRX needs to be discussed. As mentioned, once the link recovery procedure has been triggered, the most important task for the UE is to recover the link as fast as possible. In order to enable this the UE should perform any necessary link recovery measurements in a similar manner as when RLF has been triggered. I.e. with a minimum delay. This means performing the measurements assuming non-DRX mode.
I.e. the UE shall monitor the configured Link Recovery RS resources for recovery using the evaluation period and Layer 1 indication interval corresponding to the non-DRX mode.
At link Recovery, the UE shall monitor the configured Link Recovery RS resources for recovery using the evaluation period and Layer 1 indication interval corresponding to the non-DRX mode.
In appendix we have provided text proposal under text proposal 2. The proposal is captured in CR [3]

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.

Conclusion
Based on the discussion in this paper we observe and propose following:
1. When performing SSB based link recovery, the UE will have readily available link recovery measurements.
1. During SSB-based link recovery there is no need for additional measurement latency.
If performing CSI-RS based link recovery and all the candidate RS is QCL-Type-D, the UE may have readily available link recovery measurements.
The UE uses the latest unfiltered L1-RSRP measurement when determining suitable candidates.
Measurements for link recovery, Candidate Beam Detection, shall be prioritized by the UE.
At link Recovery, the UE shall monitor the configured Link Recovery RS resources for recovery using the evaluation period and Layer 1 indication interval corresponding to the non-DRX mode.
RAN4 defines requirements for D=1.
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Appendix A	
Text proposal 1
8.5.5	Requirements for SSB based candidate beam detection
8.5.5.1	Introduction
The requirements in this section apply for each SSB resource in the set [image: ] configured for a serving cell, provided that the SSBs configured for candidate beam detection are actually transmitted within UE active DL BWP during the entire evaluation period specified in section 8.5.5.2.
8.5.5.2	Minimum requirement
UE shall be able to evaluate whether the L1-RSRP measured on the configured SSB resource in set [image: ] estimated over the last TEvaluate_CBD_SSB [ms] period becomes better than the threshold Qin_LR within TEvaluate_CBD_SSB [ms] period.
The value of TEvaluate_CBD_SSB is defined in Table 8.5.5.2-1 for FR1.
The value of TEvaluate_CBD_SSB is defined in Table 8.5.5.2-2 for FR2 with N=FFS8.
Editor’s Note: FFS whether N=1 need to be applied for SSB based candidate beam detection in FR2.
Where,
-	P=1/(1 – TSSB/MGRP), when in the monitored cell there are measurement gaps configured for intra-frequency, inter-frequency or inter-RAT measurements, which are overlapping with some but not all occasions of the SSB; and
-	P=1 when in the monitored cell there are no measurement gaps overlapping with any occasion of the SSB.
Editor’s Note: FFS whether longer evaluation period would be expected if SMTC occasions are overlapping with occasions of the SSB.
[bookmark: _Hlk528763089][Longer evaluation period would be expected if the SSB is on the same OFDM symbols with RLM/BFD/BM-RS, or other CBD-RS, according to the measurement restrictions defined in section TBD.]
Table 8.5.5.2-1: Evaluation period TEvaluate_CBD_SSB for FR1
	Configuration
	TEvaluate_CBD_SSB (ms) 

	non-DRX
	max(TBD, ceil([TBD3]*P) * TSSB)

	DRX cycle ≤ 320ms
	max(TBD, ceil([TBD]*P*1.5) * max(TDRX,TSSB) )

	DRX cycle > 320ms
	ceil([TBD]*P) * TDRX

	Note:	TSSB is the periodicity of SSB in the set [image: ]. TDRX is the DRX cycle length.



Table 8.5.5.2-2: Evaluation period TEvaluate_CBD_out for FR2
	Configuration
	TEvaluate_CBD_SSB (ms) 

	non-DRX
	max(TBD, ceil([TBD3]*P*N) * TSSB

	DRX cycle ≤ 320ms
	max(TBD, ceil([TBD]*P*N*1.5) * max(TDRX,TSSB)

	DRX cycle > 320ms
	ceil([TBD]*P*N) * TDRX

	Note:	TSSB is the periodicity of SSB in the set [image: ]. TDRX is the DRX cycle length.



And a similar change would be necessary for section 8.5.6.

Text proposal 2

8.5.4	Minimum requirement for L1 indication

When the radio link quality on all the configured RS resources in set  is worse than Qout_LR, Layer 1 of the UE shall send a beam failure instance indication for the cell to the higher layers. A Layer 3 filter shall be applied to the beam failure instance indications as specified in [2].

The beam failure instance evaluation for the configured RS resources in set  shall be performed as specified in section 6 in [3]. Two successive indications from Layer 1 shall be separated by at least TIndication_interval_BFD.



When DRX is not used, TIndication_interval_BFD is max(2ms, TBFD-RS,M), where TBFD-RS,M is the shortest periodicity of all configured RS resources in set  for the accessed cell, which corresponds to TSSB specified in section 8.5.2 if a RS resource in the set  is SSB, or TCSI-RS specified in section 8.5.3 if a RS resource in the set  is CSI-RS.
When DRX is used, TIndication_interval_BFD is max(1.5*DRX_cycle_length, 1.5*TBFD-RS,M) if DRX cycle_length is less than or equal to 320ms, and TIndication_interval is DRX_cycle_length if DRX cycle_length is greater than 320ms.

[bookmark: _Hlk528934142]When the UE detects that all the configured RS resources in set  is worse than Qout_LR, Layer 1 of the UE shall send a beam failure instance indication as when DRX is not in use.
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