3GPP TSG RAN WG1 Meeting #91

R1-1719566
Reno, USA, November 27th – December 1st, 2017
Agenda Item: 7.2.2.4
Source: MediaTek Inc.

Title:
Further Details on Beam Failure Recovery
Document for: Discussion
1. Introduction 

In RAN1#90b meeting and subsequent email thread discussion, the following agreements were made:

Agreement:
· Confirm the following  working assumption: 

· Beam failure detection is determined based on the following quality measure: 

· Hypothetical PDCCH BLER
· Support parameter “Beam-failure-recovery-request-RACH-Resource” 

· Parameters for dedicated PRACH resources for beam failure recovery: 

· Preamble sequence related parameters, e.g., root sequence, cyclic shift, and preamble index. 

· Maximum number of transmissions

· Maximum number of power rampings

· Target received power

· Timer for retransmission

· Retransmission Tx power ramping step size

· Beam failure recovery timer 

·  Note: could be a subset of above parameters if re-using the same parameter as initial access

· FFS details of the structure and elements

· Support RRC configuration of a time duration for a time window and a dedicated CORESET for a UE to monitor gNB response for beam failure recovery request.
· UE assumes that the dedicated CORESET is spatial QCL’ed with DL RS of the UE-identified candidate beam in the beam failure recovery request.
· FFS: multiple dedicated CORESETs can be configured to a UE, where each CORESET can have different spatial QCL configuration
·  Note: the time window is determined by a fixed time offset defined in the spec with respect to beam failure recovery request transmission and the RRC configurable time duration starting from the fixed time offset. 
· FFS the value of fixed time offset k (slots).
Agreement:
· A beam recovery request can be transmitted if the number of consecutive detected beam failure instance exceeds a configured maximum number

· (Working Assumption) If hypothetical PDCCH BLER is above a threshold, it is counted as beam failure instance
· Note: Beam failure is determined when all serving beams fail

· The candidate beam can be identified when metric X of candidate beam is higher than a threshold

· FFS: metric X
· 1 or 2 threshold values are introduced

· If 2 thresholds are introduced, one is for SSB and the other is for CSI-RS

· One of the following alternatives will be down-selected in RAN1#91

· Alt-1: Fixed value

· Alt-2: Configurable value by RRC signaling

· RAN2 should specify the RRC signaling to configuration of the threshold

· Note: for beam failure detection, the UE should aware the transmission power offset between CSI-RS and DMRS of PDCCH

· FFS other details.

· For gNB to uniquely identify UE identity from a beam failure recovery request transmission

· A PRACH sequence is configured to UE

In this contribution, we discuss highlighted FFS parts as well as UE generic behavior on beam failure recovery.
2.  Details on Triggering Beam Failure Recovery Request
It was agreed in RAN1 NR AH1709 that beam failure recovery request is transmitted when both beam failure is detected and a new candidate beam is identified. In RAN1#90b, details on deciding beam failure and deciding a candidate beam were discussed. Yet, more details on these two perspectives are needed.
3.1 Details on beam failure detection
Current agreements assume beam failure happens only when all hypothetical BLER performance of all control channel beams is above a threshold. Condition for deciding if a certain control channel beam is above a threshold is preferably different, depending on the environment. In situations where gNB would like UE to react promptly to channel blockage, a shorter filtering window can be configured. From perspective of L1, performance requirements on measurement accuracy is imposed, so that allowing different filtering window lengths usually imply that a few set of performance requirements is needed. This is not preferred. 

Alternatively, L1 can simply output periodic indication based on a fixed filter length. Another timer/counter is applied to count the time/number of “below-threshold-indication”. The same principle has been applied for Radio Link Monitoring (RLM) model. In RAN1#90bis meeting, this was discussed and taken as working assumption. Specifically, beam failure is declared if the number of consecutively detected beam failure instance exceeds a configured maximum number. Current working assumption assumes that a beam failure instance is counted when hypothetical PDCCH BLER is above a threshold, which is determined based on a performance requirement and filter window length per RAN4 decision.

Proposal 1: confirm the working assumption: if hypothetical PDCCH BLER is above a threshold, it is counted as beam failure instance. The threshold and corresponding performance requirement is per RAN4 decision
3.2 Details on new candidate beam identification

Quality measure used for selecting a new candidate beam for beam failure recovery request transmission remains an open issue. Per RAN1 discussion, quality measure candidates include L1-RSRP and SINR-based metric. With a quality measure being determined, threshold(s) can be set/configured as a guidance for new candidate beam selection. It is noted that such threshold(s) simply provides a lower bound for new beam selection. For UE, selecting a beam with best quality, in terms of agreed quality measure, among all configured candidate beams is sensible and should be a common practice.

Apparently, there is fundamental difference on beam failure detection and new candidate beam identification. For beam failure detection, UE decides whether PDCCH beams still work or not. The metric/threshold/condition for deciding beam failure impacts system behaviour. For candidate beam identification, in most of the cases if not all, UE selects a transitional beam for recovering its connection with gNB. After beam failure recovery, gNB would resume normal beam management and adapt PDCCH beam(s) accordingly. There is no clear benefit of specifying either L1-RSRP or SINR-based metric as quality measure of candidate beam identification. Thus, we think both quality measure and corresponding threshold can be left for UE implementation.
Proposal 2: New candidate beam can be identified based on either L1-RSRP or BLER performance, and is up to UE implementation
3. Dedicated PRACH resource configuration for beam failure recovery
In RAN1#90b and subsequent email discussion, a list of potential parameters was agreed. It was also agreed that parameters from initial access are reused, if certain parameters are required for determining dedicated PRACH resource for beam failure recovery but missing from the list.
As a starting point, we take the output related to RACH configuration from initial access session. Based on current agreements made for beam failure recovery, RRC parameters in Table 1 and Table 2 are proposed for the operation of beam failure recovery. Note that most of parameters in the following tables have been discussed in email thread [90b-NR-17].
Table 1 Beam-failure-recovery-request-RACH-Resource configuration
	RRC parameter
	Value range
	Note/description

	RootSequenceIndex-BFR
	{0,1,…,137}
	Short sequence only

	ZeroCorrelationZoneConfig-BFR
	{0,1,..,15}
	Value range same as IA session

	PreambleInitialReceivedTargetPower-BFR
	FFS
	Value range same as IA session

	prach-FreqOffset-BFR
	FFS
	Value range same as IA session

	ra-PreambleIndexConfig-BFR
	FFS
	Value range same as IA session

	Masks for RACH resources and/or SSBs
	FFS
	Value range same as IA session

	PreambleTransMax-BFR
	FFS
	Value range same as IA session


Table 2 Other RRC parameters related to beam failure recovery
	RRC parameter
	Value range
	Note/description

	ResponseWindowSize-BFR
	FFS
	Time duration for monitoring gNB response in Beam-Failure-Recovery-Response-CORESET after BFRQ. Similar to ra-ResponseWindowSize

	Beam-failure-recovery-Timer
	FFS
	Start from beam failure detection to decide a total time duration where beam failure recovery mechanism can be attempted

	NrOfBeamFailureInstance
	FFS
	Consecutive number of beam failure instances for declaring beam failure


In the tables above, a few parameters are removed since they can simply follow the same configuration as for RACH procedure. The parameters are summarized in Table 3 in Section 8.
Proposal 3: adopt RRC parameters summarized in Table 1 and Table 2 for configuration of beam failure recovery mechanism
4. Unsuccessful recovery from Beam Failure
Condition for declaring unsuccessful recovery from beam failure was discussed but no consensus. In our understanding, a modelling that allows flexible NW control over UE beam recovery behaviour is essential. Figure 1 shows an example that in our understanding achieves the needs for assessing beam recovery failure with control flexibility.
In Figure 1, a beam recovery timer, as discussed in Section 3, is used for overseeing beam failure recovery procedure. When beam failure is detected, the beam recovery timer is started. After candidate beam is identified and corresponding beam recovery resources are determined, beam failure recovery request transmission can be initiated. The number of beam failure recovery request transmissions is limited by a maximum number as per dedicated resource configuration in Section3. Potentially, failure of BFR can be decided when the timer expiry (Figure 1(B)) or when reaching the maximum number of beam recovery request transmissions (Figure 1(A)).

Without the timer, there could be risks that a beam recovery mechanism may operate for a very long time before it is terminated by other entity, e.g., MAC, as long as a candidate beam cannot be found. This can happen e.g., when moving into a coverage hole. Apparently, it does not match the design principle that beam failure recovery mechanism is aimed for prompt reaction to beam failure. 
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Figure 1: Declaration of unsuccessful recovery from beam failure
Proposal 4: The agreed beam recovery timer starts upon beam failure declaration.
Proposal 5: Unsuccessful recovery from beam failure is declared upon either beam recovery timer expiry or reaching maximum number of beam failure recovery request transmission
Based on current agreements, it is observed that PRACH-based beam failure recovery would involve not only PHY, but also MAC behaviour. For example, the indication of PRACH resource for transmitting BFRQ requires MAC action. RAN2 needs to be informed of current RAN1 agreements.
Proposal 6: Send LS to RAN2 to inform beam failure recovery model agreed by RAN1
5. Default spatial QCL assumption upon successful beam failure recovery

Beam failure recovery can be attempted if beam failure is detected, which is defined as all PDCCH beam failure. Upon successful recovery from beam failure, it is sensible for UE to assume that the DM-RS ports of UE-specific PDCCH are spatially QCL-ed with the new candidate beam identified during beam failure recovery procedure by default, unless indicated otherwise. Previously indicated PDCCH beams should no longer be used.
Additionally, since previously configured TCI states corresponding to PDCCH beams do not work anymore, measurements based on the RS resources corresponding to the TCI states most likely provide only poor L1-RSRP values, if still detectable. Instead of continuing maintaining these TCI states, another sensible way is to simply assume the TCI table is no longer valid and assume that new TCI states will be configured via RRC, as the case upon entering RRC_CONNECTED state.
Proposal 7: upon successful recovery from beam failure, UE assume that the DM-RS ports of UE-specific PDCCH to be spatially QCL-ed with the new candidate beam identified during beam failure recovery procedure by default, unless indicated otherwise
Proposal 8: upon successful recovery from beam failure, UE invalidates previously configured spatial QCL states.
6. Conclusion

In summary, based on the above discussion we have the following observations and proposals for NR beam failure recovery operation:
Proposal 1: confirm the working assumption: if hypothetical PDCCH BLER is above a threshold, it is counted as beam failure instance
Proposal 2: New candidate beam can be identified based on either L1-RSRP or BLER performance, and is up to UE implementation
Proposal 3: adopt RRC parameters summarized in Table 1 and Table 2 for configuration of beam failure recovery mechanism
Proposal 4: The agreed beam recovery timer starts upon beam failure declaration.
Proposal 5: Unsuccessful recovery from beam failure is declared upon either beam recovery timer expiry or reaching maximum number of beam failure recovery request transmission
Proposal 6: Send LS to RAN2 to inform beam failure recovery model agreed by RAN1
Proposal 7: upon successful recovery from beam failure, UE assume that the DM-RS ports of UE-specific PDCCH to be spatially QCL-ed with the new candidate beam identified during beam failure recovery procedure by default, unless indicated otherwise
Proposal 8: upon successful recovery from beam failure, UE invalidates previously configured spatial QCL states.
7. References

[1] Draft Report of 3GPP TSG RAN WG1 NR AH#3 v0.1.0
[2] Draft Report of 3GPP TSG RAN WG1 #90bis v0.1.0
8. Appendix: RACH RRC parameters removed from BFR consideration
Table 3 RACH RRC parameters removed from consideration 
	RRC parameter
	Note/description

	High speed flag
	Not sure of use case

	Prach-ConfigIndex
	BFRQ resources are FDM/CDM’ed to RACH resource. Can reuse the configuration from RACH

	RSRP-ThresholdSSBlock
	No agreement so far

	RSRP-ThresholdSUL
	Not sure of use case

	prach-Msg1SequenceLength
	Not sure of use case for length 839

	prach-Msg1SubcarrierSpacing
	Follow RACH configuration

	prach-StartingSymbolIndex
	BFRQ resources are FDM/CDM’ed to RACH resource. Can reuse the configuration from RACH

	prach-StartingSymbolIndex
	

	prach-PreambleFormat
	Follow RACH configuration. In HF deployment, UE assumes only short sequence can be configured
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