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1. Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In the RAN2#106 meeting, the following agreements were made for NR SL AS level link management and sent response LS to RAN1.
Agreements on PC5 RLM/RLF:
1: 	Even though transmission of sidelink signal occur irregularly, RAN2 assumes that the physical layer provides periodic indications of IS/OOS to the upper layer as in Uu RLM.
2:	From RAN2 perspective, both side UEs perform RLM/RLF detection mechanism. FFS on whether periodic indications of IS/OOS based RLM/RLF is reused or any additional new mechanism is needed.
In the RAN1#97 meeting, RAN1 also made some progress for NR SL AS level link management as following:
Agreements:
·    No standalone RS dedicated to SL RLM/RLF in Rel-16.
According to the above agreements, RAN2 assumes that Uu RLM model is reused as baseline for SL RLM, i.e., the physical layer provides periodic indications of IS/OOS . The UE behaviors upon NR SL RLF has been discussed in the email discussion [107#75] RLF. Thus, in this contribution, we will further discuss the remaining open issues for NR SL RLM/RLF, which include:
· Issue 1: Whether the SL RLF detection procedure is synchronized or un-synchronized between the unicast peer UEs?
· Issue 2: How to configure the SL RLM/RLF parameters?
2. Discussion
2.1. [bookmark: OLE_LINK3][bookmark: OLE_LINK4]Whether the SL RLF procedure is synchronized or un-synchronized between the unicast peer UEs
In NR Uu RLM, the UE is provided by RLM-RS, with either a CSI-RS resource configuration index, or a SS/PBCH block index. The CSI-RS resource configuration index associates to the CSI-RS resource, which is periodically transmitted by gNB. The SS/PBCH block index associated to the SS/PBCH block resource, which is also periodically transmitted by gNB.
Observation 1: In NR Uu, the reference signaling used for RLF detection is periodically transmitted by gNB.

The NR SSB structure has been agreed as the baseline for NR V2X SL synchronization signals and PSBCH, i.e., S-SSB. The S-SSB is periodically transmitted by the UE. However, as in LTE, not all of UE needs deliver the synchronization signals and PSBCH, e.g., S-SSB. Only the UE as the synchronization source needs transmit the S-SSB. Other UEs around the synchronization source UE can synchronize with it using the delivered S-SSB. Therefore, the S-SSB is not suitable for the SL RLM.
In RAN1#97, it’s confirmed that no standalone RS dedicated to SL RLM/RLF in Rel-16, i.e., existing SL RS or SCI can be reused for SL RLM/RLF. According to the current RAN1 SL RS and SCI design, the RS and SCI are transmitted along with traffic. Thus, if the traffic is aperiodic, there is no RS transmitted in a periodic manner for SL RLM purposes.
Observation 2: In NR SL, the reference signaling used for RLF detection is NOT periodically transmitted.

According to the current RAN2 progress, RAN2 assumes that the physical layer provides periodic indications of IS/OOS to the upper layer as in Uu RLM even if the reference signaling used for RLF detection is not periodical. In RAN1#98, there was an offline discussion about RLM. Most companies agree RAN1 can provide periodic indications of IS/OOS. Unfunately there is no online agreements about IS/OOS indications. We assume RAN1 can solve the issue and it can provide periodic indications of IS/OOS to the upper layer. For example, during the period, if the UE doesn’t receive any signalling, the UE indicates “nothing” or the UE doesn’t indicate to the upper layer. Therefore, the Uu RLF detection procedure can be re-used for detecting SL RLF.
Proposal 1: For NR SL RLF detection, RAN2 can take the Uu RLF detection procedure as baseline, unless RAN1 cannot provide the periodic IS/OOS indications.

According to the RAN2 agreements, both side UEs need perform RLM/RLF detection mechanism. According to current RAN1 progress, for example, the receiver UE may need monitor the SL RS or SCI transmitted along with traffic by the transmitter UE. For the transmitter UE, the HARQ feedback signalling or SL RS/SCI transmitted along with traffic of  the receiver UE can be used to perform RLM.
According to the above analysis, the transmitter UE and receiver UE may monitor the different signaling to perform the RLM/RLF, even though they are in the same unicast link. Hence, it is obvious the RLF detection between the unicast peer UE may be unsynchronized no matter the same or different. Thus, it’s unnecessary to guarantee the unicast peer UEs in the same unicast link using the same RLM/RLF related parameters. The RLF procedure can be also un-synchronous between the unicast peer UEs. For example, in Figure 1, UE2 may consider the unicast link is failure using UE2’s SL RLM/RLF related parameters ahead of UE1, as shown in the following Figure 1.


[bookmark: _Ref6399231]Figure 1: RLF procedure for the unicast peer UEs
In our point of view, this un-synchronous RLF detection procedure does not cause any problems, since different UEs may get different channel state measurements and UE can maintain the RLF procedure by itself. Moreover, to solve this un-synchronous case may need more specification efforts. Therefore, we suggest keeping this un-synchronous procedure, i.e., the SL RLM/RLF procedure of the unicast peer UEs are separate and can be un-synchronized.
Proposal 2: The SL RLF detection procedure can be un-synchronized between the unicast peer UEs.
2.2. How to configure the SL RLM/RLF parameters
Since the SL RLF detection procedure can be un-synchronized between the unicast peer UEs, considering the unicast peer UEs can be in different status, e.g. one UE is OOC, while another UE is IC, hence it is unnecessary to force the unicast peer UEs have the same RLM/RLF parameters. 
Proposal 3: The SL RLM/RLF parameters can be un-synchronized between the unicast peer UEs.

For NR Uu RLM/RLF, the RLM/RLF related parameters are as below:
· rlf-TimersAndConstants: This parameters defines the timers and constants for detecting and triggering cell-level radio link failure;
· rlmInSyncOutOfSyncThreshold: This parameters defines the BLER threshold pair index for IS/OOS indication.
And the above two parameters are configured as below:
SpCellConfig ::=                        SEQUENCE {
    servCellIndex                       ServCellIndex                                               OPTIONAL,   -- Cond SCG
    reconfigurationWithSync             ReconfigurationWithSync                                     OPTIONAL,   -- Cond ReconfWithSync
    rlf-TimersAndConstants              SetupRelease { RLF-TimersAndConstants }                     OPTIONAL,   -- Need M
    rlmInSyncOutOfSyncThreshold         ENUMERATED {n1}                                             OPTIONAL,   -- Need S
    spCellConfigDedicated               ServingCellConfig                                           OPTIONAL,   -- Need M
    ...
}


-- ASN1START
-- TAG-RLF-TIMERSANDCONSTANTS-START

RLF-TimersAndConstants ::=          SEQUENCE {
    t310                                ENUMERATED {ms0, ms50, ms100, ms200, ms500, ms1000, ms2000, ms4000, ms6000},
    n310                                ENUMERATED {n1, n2, n3, n4, n6, n8, n10, n20},
    n311                                ENUMERATED {n1, n2, n3, n4, n5, n6, n8, n10},
    ...,
    [[
    t311-v1530                          ENUMERATED {ms1000, ms3000, ms5000, ms10000, ms15000, ms20000, ms30000}
    ]]
}

-- TAG-RLF-TIMERSANDCONSTANTS-STOP
-- ASN1STOP
Based on the above configuration, it is obvious that for NR Uu, the RLM/RLF related parameters are configured based on each cell group of one UE.
Observation 3:  For NR Uu, the RLM/RLF related parameters are cell group specific and configured to UE by RRC dedicated signaling.
For NR SL, according to RAN2 agreement, the NR Uu RLM/RLF model can be as a baseline. However, how to configure the NR SL RLM/RLF parameters is still needed to be discussed.
Regarding to the proposal 3, the SL RLM/RLF parameters can be different between the unicast peer UEs. Thus, it’s better to discuss how to configure the NR SL RLM/RLF parameters for transmitter UE and receiver UE separately.
The SL RLM/RLF parameters for the transmitter UE
Regarding to the NR SLRB parameters configuration for Tx UE in unicast, the following principles have already been agreed:
· For RRC_CONNECTED Tx UE in SL unicast, the network can configure the Tx only SLRB parameters using UE dedicated RRC signaling;
· For RRC_IDLE and RRC_INACTIVE Tx UE in SL unicast,  the network can configure the Tx only SLRB parameters using SIB;
· For OOC transmitter UE in SL unicast, since there is no network coverage, the Tx only SLRB parameters can only be pre-configured.
For the SL RLM/RLF parameters for transmitter UE, it’s better to follow the same principle that:
· For RRC_CONNECTED transmitter UE in SL unicast, the network can configure the SL RLM/RLF parameters using UE dedicated RRC signaling;
· For RRC_IDLE and RRC_INACTIVE transmitter UE in SL unicast,  the network can configure the SL RLM/RLF parameters using SIB;
· For OOC transmitter UE in SL unicast, the SL RLM/RLF parameters can only be pre-configured.
And then, the RLM/RLF parameter configuration granularity should be further discussed:
For RRC_CONNECTED Tx UE, regarding to the RLM/RLF parameters, there are three configuration granularity, as following:
· Option 1: network configures the SL RLM/RLF parameters per SLRB per UE;
· Option 2: network configures the SL RLM/RLF parameters per unicast link.
· Option 3: network configures the SL RLM/RLF parameters per UE (i.e., same as Uu RLM model);
For Option 1, between the two unicast peer UEs, several SLRBs may be established which with different QoS requirement. It is hard to detect RLF based on multiple sets of RLM/RLF parameters. This option also not used in NR Uu, hence it can be excluded first.
For Option 2, since different SLRBs with different QoS requirements may belong to the same unicast link, when network configures different SLRB configurations to the UE, the network shall ensure the same RLM/RLF parameter for those SLRBs which belong to the same unicast link. It’s so complicated when UE has multiple unicast links with different SLRB configurations. Thus, the Option 2 can be excluded.
Therefore, we prefer Option 3, i.e., network configures RLM/RLF parameters per UE. When UE in RRC_CONNECTED mode and perform V2X communication, the network can configure/re-configure the UE specific RLM/RLF parameters to the UE, i.e., same as Uu RLM model.
For RRC_IDLE and RRC_INACTIVE Tx UE, regarding to the RLM/RLF parameters, there are two configuration granularities as following:
· Option 1: network configures the different SL RLM/RLF parameters for different QoS profiles, like SLRB configuration;
· Option 2: network configures common SL RLM/RLF parameters per cell.
For Option 1, compared with Uu RLM model, there is no strong motivation to configure different RLM/RLF parameters based on different QoS requirements. For Uu RLM model, the RLM/RLF related parameters are configured per UE, which means no matter which type of traffic performed by the UE, the RLM/RLF related parameters are the same. Thus, Option 1 can be excluded. We prefer Option 2, i.e., configure/pre-configure the common SL RLM/RLF parameters per cell using SIB. 
For OOC UE, the analysis is similar as the RRC_IDLE and RRC_INACTIVE UE, it is suggested that only one set of RLM/RLF parameters for one UE is enough.

The SL RLM/RLF parameters for receiver UE
According to SA2 progress, one unicast link may be used to transmit bi-directional traffic, which means the receiver UE also can transmit traffic on the same unicast link. Thus, we prefer a common principle to configure the NR SL RLM/RLF parameters for both transmitter UE and receiver UE. Then, according to above analysis for transmitter UE, the following proposals are made for both transmitter and receiver UE.
Proposal 4: For RRC_CONNECTED UE using SL unicast, the SL RLM/RLF related parameters should be configured by network using dedicated RRC signaling base on UE.
Proposal 5: For RRC_IDLE and RRC_INACTIVE UE using SL unicast, the SL RLM/RLF related parameters should be configured by SIB based on cell.
Proposal 6: For OOC UE using SL unicast, the SL RLM/RLF related parameters should be pre-configured based on UE.
3. Conclusion
According to the above discussion, the proposals for RLM / RLF Procedure in NR V2X Sidelink are as follows:
Proposal 1: For NR SL RLF detection, RAN2 can take the Uu RLF detection procedure as baseline, unless RAN1 cannot provide the periodic IS/OOS indications.
Proposal 2: The SL RLF detection procedure can be un-synchronized between the unicast peer UEs.
Proposal 3: The SL RLM/RLF parameters can be un-synchronized between the unicast peer UEs.
Proposal 4: For RRC_CONNECTED UE using SL unicast, the SL RLM/RLF related parameters should be configured by network using dedicated RRC signaling base on UE.
Proposal 5: For RRC_IDLE and RRC_INACTIVE UE using SL unicast, the SL RLM/RLF related parameters should be configured by SIB based on cell.
Proposal 6: For OOC UE using SL unicast, the SL RLM/RLF related parameters should be pre-configured based on UE.
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