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1 Introduction
In RAN1#88bis [1], the general beam recovery procedures have been discussed with the following pack of agreements: 

	Agreements:
· UE Beam failure recovery mechanism includes the following aspects
· Beam failure detection

· New candidate beam identification

· Beam failure recovery request transmission

· UE monitors gNB response for beam failure recovery request

· Beam failure detection 

· UE monitors beam failure detection RS to assess if a beam failure trigger condition has been met

· Beam failure detection RS at least includes periodic CSI-RS for beam management

· SS-block within the serving cell can be considered, if SS-block is also used in beam management as well

· FFS: Trigger condition for declaring beam failure

· New candidate beam identification

· UE monitors beam identification RS to find a new candidate beam

· Beam identification RS includes

· Periodic CSI-RS for beam management, if it is configured by NW

· Periodic CSI-RS and SS-blocks within the serving cell, if SS-block is also used in beam management as well

· Beam failure recovery request transmission

· Information carried by beam failure recovery request includes at least one followings
· Explicit/implicit information about identifying UE and new gNB TX beam information

· Explicit/implicit information about identifying UE and whether or not new candidate beam exists
· FFS: 

· Information indicating UE beam failure

· Additional information, e.g., new beam quality

· Down-selection between the following options for beam failure recovery request transmission

· PRACH

· PUCCH

· PRACH-like (e.g., different parameter for preamble sequence from PRACH)

· Beam failure recovery request resource/signal may be additionally used for scheduling request

· UE monitors a control channel search space to receive gNB response for beam failure recovery request

· FFS: the control channel search space can be same or different from the current control channel search space associated with serving BPLs

· FFS: UE further reaction if gNB does not receive beam failure recovery request transmission

Conclusion:
· Note: Necessity of SS block and DMRS will be discussed simultaneously later


After detection of the beam failure, the PHY detects candidate beams and if detected, beam recovery will be performed on the candidate beams. In this contribution, the beam link failure impact on high layer will be discussed.
2 Discussion
According to the statistics from [2], typically for a UMi UE moving at 30 km/hr, it would suffer a 600ms blockage duration every 2.4 seconds on average. It can be seen from this blockage statistic that the blockage rate is quite frequent and the block duration is fairly long. In addition, during the discussion for beam recovery at RAN1, majority of the companies thinks that if possible, the beam recovery should be accomplished in tens of ms [3], for example 10~100ms. If beam recovery can’t be accomplished during this period, then most probably the RLF will occur at last. Considering the very much higher data rate in NR, if the beam recovery can’t be recovered during the blockage duration, then the data rate will be dropped every 2.4s which is not acceptable. Even worse, if RLF is declared at last, RRC connection Re-establishment will be triggered at UE, which will have a significant impact on the data rate and the user experience.
Observation1. UE in high frequency could experience frequency beam failure and if the beam failure can’t recovery as soon as possible, it will have a significant impact on the user experience.

In LTE, we have the RLM function for purpose of monitoring the downlink radio link quality of the serving cell by a CONNECTED UE. UE monitors the downlink radio link quality and compares with out of sync and in sync thresholds (Qout and Qin). If the UE detects up to N310 consecutive out of sync, the UE starts T310. If no in sync is detected until T310 expires, RLF is declared and the UE triggers the RRC connection re-establishment procedure. The UE performs IDLE like cell search and resume the RRC connection in the selected target cell. The procedure takes quite a long time, e.g. at least 800ms~3000ms [4] thus will have an annoying impact on the use experience. For example, cut some words during a voice call.
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Figure 1 Beam failure recovery and RRC connection re-establishment
The RLM mechanism is also benefit for the NR system thus will be kept in use most probably. Besides the RLM, the beam link monitoring and beam failure recovery (called BLM hereafter) discussed above is introduced in addition. There’s no on line discuss about the relationship between RLM and BLM up to now. Figure 1 illustrates a quick and simple glance of the timing comparison between the RLM and BLM.
Assuming the blockage takes 600ms in total and the beam failure can never be recovered during this 600ms duration. As illustrated in the procedure1, if the normal LTE-like RLM procedure is taken, the data transmission will be interrupted for quite a long time. And the interruption will occur every average 2.4s. Even if the RLF is declared right after the failure of one single beam recovery attempt, due to the long RRC connection re-establishment time, take 800ms as an example, the RRC connection will be resumed after the end of the blockage zone. On the other hand, if the beam failure can be recovered with some more attempts, e.g. recovered during the second attempt, the too early RLF declare in procedure 2 will result unexpected interruption due to the time consuming RRC connection re-establishment.
Observation2. If beam failure can’t be recovered in a blockage zone, the radio link resume based on RLF will have a significant impact on interruption.
Given the above analysis, for a UE access a standalone high frequency NR cell, if blockage occurs, enhancement should be considered for the quick radio link resume to reduce the unexpected user experience deterioration. However, considering the unreliable radiation property of the high frequency, the high frequency NR cell may be used with the companion of a low frequency, for instance the tight interworking option3/4/7 series. Or if with high frequency deployment only, intra-NR CA/DC will be configured.
Observation3. Due to the unreliable radiation property of the high frequency, intra-NR CA/DC or tight interworking may be configured for UE.

For the case of CA/DC or tight interworking, thanks to the multiple connections/paths, with the failure of one or several beam recovery attempts, indication can be informed from L1 to the upper layer and the data transmission can be switched to another connection/paths.
For UE configured with CA:
· Detection of beam failure on NR cell x (high frequency) ;
· One or several beam recovery attempts fail, indication informed from L1 to the upper layer;

· The UE sends the beam failure indicator from cell y (e.g. low frequency) to the gNB;
· The gNB switches the transmission from cell x to cell y, including triggering the retransmission of RLC PDU which has been attempt on cell x;
For UE configured with DC/tight interworking:
During the discussion of tight interworking, 4 types of bearer are agreed, that is MCG bearer, SCG bearer, MCG split bearer and SCG split bearer. Then if beam failure occurs, bearer type change (e.g. MCG bearer <--> SCG bearer) could be taken to switch the data transmission from one cell to another. Or the data transmission can be quickly switched from one cell to the other for the case of MCG split bearer or SCG split bearer.
· Detection of beam failure on NR cell x (high frequency) ;

· One or several beam recovery attempts fail, indication informed from L1 to the upper layer;

· The UE sends the beam failure indicator from cell y (e.g. low frequency) to the network;

· The network switch the transmission from cell x to cell y via bearer type change for the case of MCG bearer/SCG bearer, or via quick path switch for the case of MCG split bearer or SCG split bearer;

In this way, the interruption caused by frequent beam failure as analyzed above can be reduced to some kind of extent for the UE configured with CA/DC or tight interworking.
Proposal1. For UE configured with CA/DC or tight interworking, with the failure of one or several beam recovery attempts, indication can be informed from L1 to the upper layer and the data transmission can be switched to another connection/paths.
3 Conclusion

The beam link failure impact on high layer will be discussed in this contribution with the following observations and proposals:
Observations:
Observation1. UE in high frequency could experience frequency beam failure and if the beam failure can’t recovery as soon as possible, it will have a significant impact on the user experience.
Observation2. If beam failure can’t be recovered in a blockage zone, the radio link resume based on RLF will have a significant impact on interruption.
Observation3. Due to the unreliable radiation property of the high frequency, intra-NR CA/DC or tight interworking may be configured for UE.

Proposals:

Proposal1. For UE configured with CA/DC or tight interworking, with the failure of one or several beam recovery attempts, indication can be informed from L1 to the upper layer and the data transmission can be switched to another connection/paths.
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