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Discussion and Decision
1
Introduction
Following agreements have been achieved at RAN2 for the issue of RLM and RLF:

Agreement at RAN2#97bis:
	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.


Agreement at RAN2#97bis:
	1:
RAN2 understand that beam failure recovery (L1 or MAC) and RLF (RRC) are performed in different layers.

=>
RAN2 will discuss again when RAN1 have provided more information on beam recovery.


Meanwhile, RAN1 has made great progresses on RLM procedures and the influences between RLM and beam failure recovery procedures as following:

Agreements at RAN1#89:
	Agreements:
· IS and OOS indications are based on SINR-like metric (e.g., hypothetical PDCCH BLER) as in LTE

· SINR-like metric as in LTE represents whether or not UE can receive PDCCH

· FFS: PDCCH in U-SS and/or PDCCH in C-SS

· RS used to derive SINR-like metric is down selected from following options

· Opt.1: CSI-RS

· Opt.2: DMRS for NR-PDCCH in C-SS

· Opt.3: DMRS for NR-PBCH

· Opt.4: NR-SSS

· Opt.5: RS for time/frequency tracking (if separate RS from above is defined for time/frequency tracking)

· FFS: how many options are used

· RAN1 assumes that single IS or OOS is indicated per reporting instance regardless number of beams available in cell. RAN1 has not concluded whether IS/OOS indications for RLF are per cell or not.

· RAN1 plans to provide at least periodic IS/OOS indications.
· FFS: possibility of additional aperiodic IS indication e.g., based on beam failure recovery mechanism.


Agreements at RAN1 NR_AH_1706:
	Agreements:
· The RS used for RLM should have following properties 

· Periodic transmission with short enough periodicity

· Wideband transmission relative to bandwidth of active bandwidth part

· Supporting both single beam and multi-beam operations

· Representing control channel quality

· Both CSI-RS based RLM and SS block based RLM are supported

· FFS: whether or not only a single type of RS is configured to UE for RLM at a time
Agreements:
· NR should strive to provide aperiodic indication(s) based on beam failure recovery procedure to assist radio link failure (RLF) procedure, if same RS is used for beam failure recovery and RLM procedures. 

· Example 1: aperiodic indication(s) based on beam failure recovery procedure can reset/stop T310

· RAN2 can decide specific procedure

· Example 2: aperiodic indication(s) based on failure of beam recovery procedure

· How to use aperiodic indication can be decided in RAN2

FFS: aperiodic indication(s) based on beam failure recovery procedure to assist RLF procedure if different RS is used
Agreements:
· In case of unsuccessful recovery from beam failure, UE sends an indication to higher layers, and refrains from further beam failure recovery
· Relationship between RLF and unsuccessful beam failure recovery indication (if any) e.g. whether beam failure recovery procedure influences or is influenced by the RLF event

Send LS to inform RAN2 – to be done next meeting


In this contribution, the RLF procedure will be analyzed taking the most recent progress in RAN1 into consideration. Considerations are also given for the case of multiple connections, e.g. CA and DC.
2
Discussion
2.1     RLF procedure in NR
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Figure 1 the radio link failure model in LTE

In LTE, a two phases radio link failure model is defined as illustrated in Figure 1. In the first phase, the UE performs radio link monitoring and if receives N310 consecutive periodic OSS indications from L1, the UE starts T310. During the timer T310, the UE keeps on radio link monitoring and if receives N311 consecutive periodic IS indications from L1, the UE stops T310 and considers the radio link recovers to normal operation. Otherwise, if no N311 consecutive periodic 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. 

According to the agreements above from RAN1, it can be seen that same as in LTE, periodic IS/OOS indications will be provided from L1 to RRC according to the outcome of radio link monitoring. And the periodic IS/OOS is indicated per reporting instance regardless number of beams available in the cell. Meanwhile according to the agreements in RAN2, RRC declares RLF based on the periodic IS/OOS indications from L1. So from this point of perspective, it is reasonable to take the two phases RLF model in LTE as a baseline in NR. The same concept of counters (N310, N311) and timers (T310, T311) should also be introduced in NR too.

Proposal 1: Take the two phases RLF model in LTE as a baseline in NR.

Proposal 2: Introduce the same concept of counters (N310, N311) and timers (T310, T311) as in LTE in NR.
In LTE, RLM is performed based on CRS. While in NR, it is agreed at RAN1 NR_AH_1706 that both CSI-RS based RLM and SS block based RLM are supported. However, RAN1 has not determined whether or not only a single type of RS is configured to UE for RLM at a time. In other words, whether the UE is configured to perform RLM only on one type of RS at a time or both types of RSes at a time is not decided yet. If at last RAN1 decides that both SS block and CSI-RS can be configured for RLM at a time, the question is whether a single RLF procedure or two independent parallel RLF procedures should be maintained in RRC?
During the discussion in RAN2, we determined that NR UE shall not consolidate NR-SS beam measurements and CSI-RS beam measurements together to derive a cell level measurement. Similar for RLM, considering that the signal quality derived from SS block and CSI-RS are different to each other, NR UE shall not consolidate the monitoring results based on SS block and CSI-RS into a single IS/OOS. In other words, the IS/OOS based on SS block and the IS/OOS based on CSI-RS should be evaluated and indicated independently to the upper layer. With the separate IS/OOS(SS block based) and IS/OOS(CSI-RS based) indicators from L1, two parallel RLF procedure should be maintained in the RRC, one RLF procedure based on SS block and the other based on CSI-RS.
Observation 1: Both CSI-RS based RLM and SS block based RLM are supported in NR.  
Proposal 3: If RAN1 decides that both SS block and CSI-RS can be configured for RLM at a time, two parallel RLF procedures should be maintained in RRC, one for SS block based RLM and the other for CSI-RS based RLM. 
When two parallel RLF procedures are maintained in RRC, another issue is when will the UE declare RLF and trigger the RRC re-establishment procedure? For instance, declare when both the RLF based on SS block and CSI-RS is triggered or either one of the RLF based on SS block or CSI-RS is triggered? 
As we know, SS block is a kind of cell-specific RS, while CSI-RS is a kind of UE-specific RS. The signal quality derived from SS block reveals the radio link of the common channels, e.g. PBCH, PCH etc. While the signal quality derived from CSI-RS reveals the radio link of the UE specific dedicated channels, e.g. UE specific PDCCH, PDSCH etc. Meanwhile, according to the agreement in RAN1, the time synchronization reference for CSI-RS is the frame/slot/symbol timing of a cell which is obtained from an SS block. So from these perspectives, if RLF occurs based on the monitoring of SS block, the UE would fail to receive the common channels and acquire the timing reference for CSI-RS. In this sense, the UE should declare RLF and initiate RRC re-establishment. On the other hand, if RLF occurs based on the monitoring of CSI-RS, the cell is not suitable for data transmission any more no matter whether the cell quality based on SS block remains good enough or not. So in this case, the UE should also declare RLF and initiate RRC re-establishment. In other words, the UE should declare RLF and trigger the RRC re-establishment in case either one of the RLF based on SS block or CSI-RS is triggered.
Proposal 4: When two parallel RLF procedures are maintained in RRC, the UE should declare RLF and trigger the RRC re-establishment in case either one of the RLF which is based on SS block or CSI-RS is triggered.
Besides the periodic IS/OOS based on the outcome of radio link monitoring, RAN1 also agreed that NR should strive to provide aperiodic indication(s) based on beam failure recovery procedure to assist radio link failure (RLF) procedure, if same RS is used for beam failure recovery and RLM procedures. The influence of the aperiodic indication(s) based on beam failure recovery procedure should be incorporated into the basic two phases RLF model.
Proposal 5: Incorporate the influence of the aperiodic indication(s) based on beam failure recovery procedure into the basic two phases RLF model.
The aperiodic indication(s) are provided to RRC in case same RS is used for beam failure recovery and RLM procedure. However, according to the progress in RAN1, besides the CSI-RS used for beam management, whether SS block can be used for beam management or not is not determined yet.
Observation 2: Whether SS block can be used for beam management or not is not determined yet in RAN1.
Given the above observation, the aperiodic indication(s) will be provided only based on the CSI-RS based beam failure recovery procedure. It should be noted that two sets of agreements on the aperiodic indications are agreed at RAN1 NR_AH_1706. However the two sets of agreements seems not align well with each other. The first set (yellow highlighted) indicates that the aperiodic indication(s) are provided only if same RS is used for beam failure recovery and RLM procedures. While the second set (blue highlighted) indicates that whether based on the same RS or not, indication(s) will be provided to upper layer in case beam failure recovery fails. To discuss all the possible impacts of the aperiodic indication(s) on the RLF procedure, we assume that both aperiodic indication(s) based on CSI-RS based beam recovery procedure and aperiodic indication(s) based on SS block based beam recovery procedure can be indicated to the upper layer. Then there may be two possible ways to incorporate the aperiodic indication(s) into the RLF procedure, as listed in Table 1.
Table 1
	
	Feature of the aperiodic indication(s)
	RRC behaviours

	Alt.1 RS type transparent aperiodic indication(s)
	Aperiodic indication(s) to upper layer transparent from the type of RS
	1. aperiodic indication of successful beam recovery: reset/stop T310(s) 
2. aperiodic indication of beam recovery failure: declare RLF and initiate RRC re-establishment

	Alt.2 Separate aperiodic indication(s)
	Separate SS block based and CSI-RS based aperiodic indication(s)
	1. aperiodic indication of successful beam recovery: reset/stop T310 of the corresponding RLF procedure based the same type of RS
2. aperiodic indication of beam recovery failure: declare RLF and initiate RRC re-establishment


Observation 3: Assuming SS block is determined to be used for beam management besides CSI-RS, there may be two possible ways to provide the aperiodic indication(s), RS type transparent aperiodic indication(s) or Separate aperiodic indication(s), which is up to RAN1 decision.

Proposal 6: For ‘RS type transparent aperiodic indication(s)’:

· With the reception of an aperiodic indication of successful beam recovery, UE reset/stop T310 (s);
· With the reception of an aperiodic indication of beam recovery failure, UE declare RLF and initiate RRC re-establishment
Proposal 7: For ‘Separate aperiodic indication(s)’:

· With the reception of an aperiodic indication of successful beam recovery, UE reset/stop T310 of the corresponding RLF procedure based on the same type of RS;
· With the reception of an aperiodic indication of beam recovery failure, UE declare RLF and initiate RRC re-establishment
2.2     Consideration for multiple connections
High frequencies up to 52.6GHz will be used in NR. High frequencies are vulnerable to the propagation environment. For instance, UE operating on high frequency may experience frequent blockage. So considering the unreliable radiation property of the high frequency, NR cells operating on high frequencies may be used with the companion of a low frequency, for instance intra-NR CA/DC or MR-DC.

In LTE CA, UE needs not to perform RLM on Scells. The same principle could be reused in NR. However, if operating on high frequencies with beamforming, beam link monitoring and beam failure recovery should be performed on Scells anyway. Thanks to the multiple connections/paths, if beam recovery fails on a particular Scell, indication can be informed from L1 to high layer. Then the Scell can be implicitly deactivated by the UE. An example is given as following:
· Detection of beam failure on NR Scell x (high frequency) ;

· Beam recovery fails, indication informed from L1 to the upper layer;

· The UE implicitly deactivates Scell x;

· The gNB detects the failure of the Scell via the DL/UL measurements on the Scell or via the failure of the scheduling feedback. The gNB and UE switches the transmission from Scell x to cell y, including triggering the retransmission of RLC PDU which has been attempted on Scell x;

Proposal 8: For CA, there’s no need to perform RLM on Scells. However, beam link monitoring and beam failure recovery should be performed on Scells.

Proposal 9: With the reception of aperiodic indication of beam recovery failure from L1, the Scell can be implicitly deactivated the data transmission can be switched to another connection/paths.
In LTE DC, UE needs to perform RLM on PScell. The same principle could be reused in intra NR-DC and MR-DC. Meanwhile, if operating on high frequencies with beamforming, beam link monitoring and beam failure recovery should be performed on PScell too. In case with the reception of aperiodic indication of beam recovery failure from L1, RLF should be declared on PScell and SCG failure information should be sent to the network.
Proposal 10: For DC, RLM, beam link monitoring and beam failure recovery should be performed on PScell.
Proposal 11: With the reception of aperiodic indication of beam recovery failure from L1, RLF should be declared on PScell and SCG failure information should be sent to the network.
3
Conclusion
In this contribution, the RLF procedure in NR both for the case of single connection and multiple connections is analyzed with the following observations and proposals:
Observations:

Observation 1: Both CSI-RS based RLM and SS block based RLM are supported in NR.  
Observation 2: Whether SS block can be used for beam management or not is not determined yet in RAN1.
Observation 3: Assuming SS block is determined to be used for beam management besides CSI-RS, there may be two possible ways to provide the aperiodic indication(s), RS type transparent aperiodic indication(s) or Separate aperiodic indication(s), which is up to RAN1 decision.

Proposals:

Proposal 1: Take the two phases RLF model in LTE as a baseline in NR.

Proposal 2: Introduce the same concept of counters (N310, N311) and timers (T310, T311) as in LTE in NR.

Proposal 3: If RAN1 decides that both SS block and CSI-RS can be configured for RLM at a time, two parallel RLF procedures should be maintained in RRC, one for SS block based RLM and the other for CSI-RS based RLM. 

Proposal 4: When two parallel RLF procedures are maintained in RRC, the UE should declare RLF and trigger the RRC re-establishment in case either one of the RLF which is based on SS block or CSI-RS is triggered.
Proposal 5: Incorporate the influence of the aperiodic indication(s) based on beam failure recovery procedure into the basic two phases RLF model.
Proposal 6: For ‘RS type transparent aperiodic indication(s)’:

· With the reception of an aperiodic indication of successful beam recovery, UE reset/stop T310 (s);
· With the reception of an aperiodic indication of beam recovery failure, UE declare RLF and initiate RRC re-establishment
Proposal 7: For ‘Separate aperiodic indication(s)’:

· With the reception of an aperiodic indication of successful beam recovery, UE reset/stop T310 of the corresponding RLF procedure based on the same type of RS;
· With the reception of an aperiodic indication of beam recovery failure, UE declare RLF and initiate RRC re-establishment
Proposal 8: For CA, there’s no need to perform RLM on Scells. However, beam link monitoring and beam failure recovery should be performed on Scells.
Proposal 9: With the reception of aperiodic indication of beam recovery failure from L1, the Scell can be implicitly deactivated the data transmission can be switched to another connection/paths.
Proposal 10: For DC, RLM, beam link monitoring and beam failure recovery should be performed on PScell.

Proposal 11: With the reception of aperiodic indication of beam recovery failure from L1, RLF should be declared on PScell and SCG failure information should be sent to the network.
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