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Discussion and Decision
1
Introduction
The issue of RLM and RLF has been discussed at RAN2#97bis with the following agreements:
	Agreement:

1:
For connected mode, UE declares RLF upon timer expiry due to DL OOS detection, random access procedure failure detection, and RLC failure detection.

FFS whether maximum ARQ retransmission is only criteria for  RLC failure (needs to be discussed in common UP/CP session). 

2
In NR RLM procedure, physical layer performs out of sync / in sync indication and RRC declares RLF. 

3
For RLF purposes, RAN2 preference is that the in sync / out of sync indication should be a per cell indication, and we aim for a single procedure for both multi-beam and single beam operation.


With the above agreements, LS [1] was sent to RAN1 to ask whether the in sync /out of sync indications for RLF can be provided per cell, and also ask whether the indication would be periodic as in LTE. Besides the RLM and RLF, beam monitoring (BM) and beam failure (BF) is introduced in NR due to the adoption of high frequency (e.g. up to 52.6 GHz). In this contribution, the RLF caused by physical layer problem will be further discussion based on the response from RAN1 [2], including the basic RLF procedure, the relationship between RLF and BF, and the consideration for multiple connections.
2
Discussion
2.1     Basic RLF procedure
In LTE, UE estimates the downlink radio link quality based on the CRS and compares the estimated results with a Qout and Qin for the purpose of RLM. Qout and Qin are expressed in terms of a hypothetical PDCCH BLER, e.g. Qout corresponding to 10% BLER and Qin corresponding to 2% BLER respectively. 
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Figure 1 the radio link failure model in LTE

Based on the above RLM, a two phases model govern the behaviour associated to radio link failure is defined in LTE, as illustrated in Figure 1[3]. In the first phase, the UE performs RLM and if receives N310 consecutive OSS indications from L1, the UE starts T310. During the timer T310, the UE keeps on RLM and if receives N311 consecutive IS indications from L1, the UE stops T310 and considers the radio link recovers to normal. Otherwise, if no N311 consecutive IS indications received from L1 during the timer T310, the UE considers RLF detected and goes into the second phase. In the second phase, for RLF detected on the Pcell, the UE initiate the connection re-establishment procedure and starts timer T311. The re-establishment succeeds only if the selected E-UTRA cell is a prepared cell.
According to the progress in RAN1 [2] and RAN2 [1], the RLM in NR is also based on SINR-like metric (e.g. hypothetical PDCCH BLER) as in LTE. And RRC declares RLF based on at least the periodic IS/OOS indications from L1. The periodic IS/OOS is indicated per reporting instance regardless number of beams available in the cell. With the same periodic IS/OOS indications as in LTE regardless the number of beams in NR and considering that the two phased RLF procedure in LTE is a practice proved stable mechanism, it’s reasonable to take the same RLF model in LTE as a baseline for NR. Also, the same concept of counter (N310, N311) and timers (T310, T311) should also be introduced in NR too.
Proposal1. Take the two phased RLF model in LTE as a baseline for NR and capture the model in the Stage2 specification.
Proposal2. Introduce the same concept of counter (N310, N311) and timers (T310, T311) as in LTE in NR.
2.2     Relationship between RLF and BF
Operating NR systems in high spectrum presents some unique challenges including experiencing frequent short-term blocking that may not be readily mitigated by present RRC-based handover and Re-establishment mechanisms due to the larger time-scales required for completion of the procedures compared to short-term blocking. So in the multiple-beam operation system, BM (beam monitoring) and BF (beam failure) is introduced besides the RLF and RLF. According to the progress in RAN1, beam failure event occurs when the quality of beam pair link(s) of an associated control channel (NR-PDCCH) falls low enough. It can be seen that the BM and RLM are both somehow related to the PDCCH control channel. According to the progress in RAN1, beam failure detection RS at least includes periodic CSI-RS for beam management. However, the exact RS for BM (e.g. whether RS besides CSI-RS will be used) and RLM has not been decided yet. Which RS(s) to use for BM, RLM and whether the BM, RLM would base on the same RS(s) is up to RAN1’s decision. 
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Figure 2 the timeline of beam monitoring and radio link monitoring
Beam monitoring, beam failure detection and beam recovery is a L1 mechanism. The design of these beam related procedures should quick react to the radio link variation. However, RLM and RLF is a long term accumulated procedure aims to recover the RRC CONNECTION if the radio link fails for some persistent period. So from this point of view, the BM evaluation period should be much shorter than RLM evaluation period (The detail analysis can be found in our companion contribution in RAN1 [4][5]). 
Take the illustration in Figure 2 as an example, the BLM period is two more times than the BM period:
t1: beam failure is detected and L1 initiates the beam recovery procedure;

t2: due to the beam failure at t1, the radio link quality deteriorates rapidly. So at the end of succeeding RLM period, the OOS event triggered. L1 sends an OOS indicator to RRC at t2;
t3: the beam recovery has not succeeded yet so another consecutive OOS indicator is sent to RRC at t3;

t4: beam recovery success;
t5: thanks to the successful beam recovery, the radio link quality (e.g. the radio link quality based on the new beams) recovers to the normal. So at the end of the succeeding RLM period, the IN event triggered. L1 sends an IS indicator to RRC at t5;

Although as discussed above, RAN1 has not decides finally yet which RS(s) to use for BM, RLM and whether the BM and RLM would base on the same RS(s). Besides, according to the achievement in RAN1 [2], RAN1 has not decides whether some kind of additional aperiodic IS indication e.g., based on beam failure recovery mechanism will be provided from L1 in addition to the periodic IS/OOS. Nevertheless, from the analysis above, we believe that the RLF should be declared based on the period IS/OOS indication. Even though the additional aperiodic IS indication is agreed at last in RAN1, the RLF should still be declared based on the IS/OOS indications but not kind of beam failure indication or beam recovery indications. In other words, from the high layer perspective, RLF is a procedure which is transparent from the beam related behaviours.
Proposal3. The RLF should be declared based on the period IS/OOS indication.
Proposal4. From the high layer perspective, RLF is a procedure which is transparent from the beam related behaviours.
2.3     Consideration for multiple connections
According to the statistics from [6], 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 , for example 10~100ms [7]. If beam recovery can’t succeed during this period, the most probably is that the RLF occurs 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.

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.

Observation2. 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 high 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.
Proposal5. 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.

4
Conclusion
In this contribution, RLF is further discussed 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. Due to the unreliable radiation property of the high frequency, intra-NR CA/DC or tight interworking may be configured for UE.
Proposals:

Proposal1. Take the two phased RLF model in LTE as a baseline for NR and capture the model in the Stage2 specification.
Proposal2. Introduce the same concept of constants (N310, N311) and timers (T310, T311) as in LTE in NR.
Proposal3. The RLF should be declared based on the period IS/OOS indication.
Proposal4. From the high layer perspective, RLF is a procedure which is transparent from the beam related behaviours.
Proposal5. 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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