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1. Introduction
A work item proposal on NR-based Access to Unlicensed Spectrum [1] was approved in RAN-82. The work item will address the following issue (RAN2): 
	· [bookmark: OLE_LINK27]- 	RLM/RRM extensions for NR-U operation due to uncertain and reduced transmission opportunities for DL signals and channels due to LBT failure in line with agreements during the study phase (NR-U TR section 7.2.1.3.2), including configuring different DRS Measurement Time Configuration (DMTCs) for RRM and RLM respectively, identifying the set of RLM-RSs to measure, which set(s) are used for in-sync, out-of-sync evaluations, potential definition of a metric to accurately identify unsuccessful detection of RLM-RS. Support RSSI reporting. Define a metric to measure channel occupancy or medium contention and its corresponding reporting. (RAN1/RAN2)


In RAN1#96 [2], the following agreement was made:
	Agreement:
· An RLM measurement window for serving cell RLM measurements based on SSBs in the DRS is supported for in-sync and out-of-sync evaluations.
· FFS: How RLM measurement window is indicated or determined and relation to DRS transmission window
· FFS: Whether or not an SSB can fall outside the measurement window and, if so, whether it can be used for in-sync and out-of-sync evaluations.
· FFS: Any relationship of RLM measurements based on CSI-RS to the measurement window.
· FFS: Mechanism to handle missing RLM-RS due to LBT failure


In this contribution, we will discuss some detailed issues related to RLF/RLM in NR-U due to the LBT impact and also give some possible solutions to enhance the RLF/RLM mechanism.
2. [bookmark: OLE_LINK1][bookmark: OLE_LINK2] Radio Link Failure
Based on TS 38.300, the UE declares Radio Link Failure (RLF) when one of the following criteria is met:
-	Event 1: Expiry of a timer started after indication of radio problems from the physical layer (if radio problems are recovered before the timer is expired, the UE stops the timer);
-	Event 2: Random access procedure failure;
-	Event 3: RLC failure.
For event 1, the UE shall measure the RLM-reference signal (RS) and compare it to the thresholds Qout and Qin [3]. 
	The physical layer in the UE indicates, in frames where the radio link quality is assessed, out-of-sync to higher layers when the radio link quality is worse than the threshold Qout for all resources in the set of resources for radio link monitoring. When the radio link quality is better than the threshold Qin for any resource in the set of resources for radio link monitoring, the physical layer in the UE indicates, in frames where the radio link quality is assessed, in-sync to higher layers.


After reception of enough consecutive OOS indications, indication of radio problems is delivered from PHY layer and a timer (i.e. T310) is started. If enough consecutive IS indications are received before the timer expires, which means radio link problems are recovered, UE stops the timer, otherwise, Radio Link Failure (RLF) is declared. In NR, it was agreed both SSB and CSI-RS which are transmitted periodically at specific time instants can be used as the RS (reference signal) for RLF/RLM measurement. The above is RLM based RLF introduced in Rel-15.
When MCG RLF happens, reestablishment procedure is initiated; when SCG RLF happen, SCG failure information report procedure is initiated. In NR-U, DC mode, CA mode and standalone mode are supported. Since we agreed to use the NR licensed design as a baseline, therefore the above events to declare RLF and the corresponding initiated procedure can be used as a baseline for NR-U. 
However, in unlicensed spectrum, LBT is applied before performing a transmission including RLF/RLM RS transmission. There is no certainty that the channel can be accessed at the time instances when the reference signal is to be transmitted. If LBT is failed, the transmission will be dropped. But from the UE’s perspective, if the UE is not aware of this dropped transmission and may take this estimated radio link quality as above the threshold OOS, an OOS indication is generated and delivered from PHY layer to higher layer. However this OOS cannot represent the actual quality of the downlink radio link since no RLF/RLM RS has been transmitted at all. 
In addition, if enough consecutive OOS indications are received, RLF timer T310 may be started or RLF timer may not be stopped when running due to lack of consecutive IS indications. Therefore, as mentioned above, in this case, UE may declare RLF if radio problems are not recovered before expiry of the timer T310. However, it is quite possible that in fact the radio quality of the downlink channel is good enough for PDCCH transmission but due to LBT failure, RLF is unnecessarily declared. Therefore, it makes sense to introduce some enhancement on RLF/RLM mechanism to solve the issue of absence of the RS due to LBT failure. Definition of a metric to accurately identify unsuccessful detection of RLM-RS may be introduced. 
Observation 1: The absence of RLM RS due to LBT failure may cause unnecessary RLF.
[bookmark: OLE_LINK20]Proposal 1:  RAN2 to introduce mechanism to address the issue of absence of the RS due to LBT failure and its impact on RLF. A metric to accurately identify unsuccessful detection of RLM-RS, i.e., barring LBT impact, can be introduced.
On how to handle the unsuccessful RLM-RS detection from RAN2 perspective, there are two options:
· Option 1: The UE considers all unsuccessful RLM-RS detection as OOS, in this option, the RRC handling on RLF based on unsuccessful RLM-RS detection will be simpler. The disadvantage is there may lead to RLF unnecessarily as mentioned above. 
· Option 2: Separate timer/counter for unsuccessful RLM-RS detection due to failed LBT, in this option, new timer/counter will be introduced. Based on this new timer/counter, RLF can be declared. The disadvantage is new procedures need to be defined.
It is suggested to down-select the above options.
Proposal 2:  RAN2 to down-select the following option for unsuccessful RS detection.
· Option 1: The UE considers all unsuccessful RLM-RS detection as OOS
· Option 2: Separate timer/counter for unsuccessful RLM-RS detection due to failed LBT
In most case it is difficult for the UE to accurately determine that the cause of the unsuccessful RLM-RS detection is gNB LBT failure or DL radio link problem, e.g. strong interferences from hidden node.
Since gNB knows how many LBT failures happen while UE knows how many unsuccessful RLM-RS detections happen, interaction between UE and network will be beneficial for identifying the real radio link problem, two options are available.
· Option 1: the network informs UE on gNB LBT failure result, based on this result the UE can accurately assess the radio link; when DC is configured, the LBT failure result of one node can be transmit via the other node, e.g. licensed MN. (FFS LBT failure result). Some information exchanges between gNBs are needed.
· Option 2: the UE informs the network on unsuccessful RLM-RS detection result, based on this result the network can accurately assess the radio link. When DC is configured, the unsuccessful RS detection result of one node can be transmit via the other node, e.g. licensed MN. (FFS unsuccessful RLM-RS detection result). Some information exchanges between gNBs are needed.
Proposal 3:  RAN2 to down-select the following option to identify the real radio link problem for unsuccessful RS detection.
· Option 1: the network informs UE with LBT failure result, based on this result the UE can accurately assess the radio link;
· Option 2: the UE informs the network with unsuccessful RS detection result, based on this result the network can accurately assess the radio link.
When DC is configured, in Rel-15, the SCG failure for RLF can be transmitted via MCG for a UE. Meanwhile at RAN2#105 [4] the topic of fast MCG link recovery was discussed and RAN2 agreed MCG failure can be transmitted via SCG.
Agreements
1. MCG failure can be indicated to the network via the SCG. FFS if via SCells. 
2. FFS how the failure is indicated, which SRBs, and which failure case the fast MCG failure recovery.  
3. We will aim to have a unified solution for the failure cases that we want to address. 
If option 2 of proposal 3 is adopted, the unsuccessful RS detection result of MCG should be allowed to be transmitted via SCG while the unsuccessful RS detection result of SCG should be allowed to be transmitted via MCG.
Proposal 4:  If option 2 of proposal 3 is adopted, the unsuccessful RS detection result of MCG should be allowed to transmit via SCG while the unsuccessful RS detection result of SCG should be allowed to transmit via MCG.
3. Conclusion
In this contribution, we discuss about the RLF in NR-U and we have the following observation and proposals 
Observation 1: The absence of RLM RS due to LBT failure may cause unnecessary RLF.
Proposal 1:  RAN2 to introduce mechanism to address the issue of absence of the RS due to LBT failure and its impact on RLF. A metric to accurately identify unsuccessful detection of RLM-RS, i.e., barring LBT impact, can be introduced.
Proposal 2:  RAN2 to down-select the following option for unsuccessful RS detection.
· Option 1: The UE considers all unsuccessful RLM-RS detection as OOS
· Option 2: Separate timer/counter for unsuccessful RLM-RS detection due to failed LBT
Proposal 3:  RAN2 to down-select the following option to identify the real radio link problem for unsuccessful RS detection.
· Option 1: The network informs UE with LBT failure result, based on this result the UE can accurately assess the radio link;
· Option 2: The UE informs the network with unsuccessful RS detection result, based on this result the network can accurately assess the radio link.
Proposal 4:  If option 2 of proposal 3 is adopted, the unsuccessful RS detection result of MCG should be allowed to transmit via SCG while the unsuccessful RS detection result of SCG should be allowed to transmit via MCG.
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