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1. Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In the RAN2#108 meeting, the following agreements were made for NR SL AS level link management:
Agreements:
1: RAN2 has decided that RAN2 will not introduce SL RLM/RLF from RX UE. RAN2 will further discuss if HARQ feedback (HARQ A/N and/or HARQ DTX) based TX-side RLF is required and if so, how to support it in RAN2 specifications.
2: Upon PC5 RLF declaration, UE's AS layer should send a PC5 RLF indication including PC5 Link Identifier to upper layer (i.e., V2X layer) to indicate the PC5 unicast link whose RLF declaration was made and PC5-RRC connection was released.
3: The SUI report upon SL RLF includes explicit failure indication.
According to the above agreements, it’s already agreed that Rx UE doesn’t support SL RLM/RLF while the HARQ feedback based SL RLM/RLF on the Tx UE perspective is still under discussion. Thus, in this contribution, we will further discuss the remaining open issues for NR SL RLM/RLF, which include:
· Issue 1: Whether and how to support the HARQ feedback based SL RLM/RLF for the Tx UE？ 
· Issue 2: Which SL RLM/RLF parameter(s) are needed?
· Issue 3: How to configure the SL RLM/RLF parameter(s)?
· Issue 4: What are the UE behaviors upon NR SL RLF?
2. Discussion
2.1. [bookmark: OLE_LINK3][bookmark: OLE_LINK4]HARQ feedback based SL RLM/RLF for the Tx UE
Firstly, we will analyse whether it is necessary to support the HARQ feedback based SL RLM/RLF for the Tx UE. 
RAN2 already agreed that in case of SL RLC AM, RLF declaration is triggered by indication from RLC that the maximum number of retransmissions has been reached. Thus, from Tx UE perspective, there is only one mechanism in AS layer to judge the SL RLF and this mechanism is only suitable for RLC AM mode. For RLC UM mode, there is no RLM/RLF detection mechanism. Therefore, if Tx UE cannot aware SL RLF, it will continue to occupy the SL resource to transmit signalling when the unicast link already has some problem. In this case, it’s not benefit for the SL resource efficiency.
SA2 already agrees to support keep alive message, which is mainly for the Rx UE. Even if the keep alive message can be introduced to the Tx UE, the keep alive procedure for Tx UE may have the following issues:  
· From SA2 perspective, the UE needs to minimize the keep alive signalling. However, keep alive message transmissions can still introduced signalling overhead.
· While waiting for keep alive message to be (re)transmitted and/or response to be received, the TX UE cannot quickly judge the SL RLF and may waste sidelink TX resources when the link is already failed. The AS RLF mechanism can operate on a shorter time scale than upper layer keep alive message.
Thus, according to the above analysis, besides keep alive message and the maximum number of RLC retransmission mechanism, additional RLM/RLF detection mechanism is necessary for Tx UE, at least for RLC UM. According to the RAN2 discussion, one possible solution is based on HARQ feedback for RLF mechanism. Since Tx UE can explicitly know the timing when receiving the HARQ feedback, the HARQ feedback status, i.e., ACK, NACK or DTX, is similar as IS/OOS status in Uu.
Observation 1: Besides keep alive message and the maximum number of RLC retransmission mechanism, additional RLM/RLF detection mechanism is necessary for Tx UE, at least for RLC UM mode.
[bookmark: _Ref32496319]Proposal 1: From Tx UE perspective, the RLM/RLF detection mechanism based on HARQ feedback is necessary to be supported.

If Tx UE receives ACK, it means Rx UE can receive SCI and SL data sent by the Tx UE. If Tx UE receives NACK, it means Rx UE can only receive SCI sent by the Tx UE but Rx UE cannot decode SL data successfully. Based on this analysis, ACK and NACK status mean the unicast link is not so bad that Rx UE can still receive at least SCI signalling. Thus, ACK or NACK status is similar as IS state in Uu.
If Tx UE receives DTX, it means Rx UE does not receive anything sent by the Tx UE, including SCI and SL data, or the TX UE is not able to receive the HARQ feedback from the Rx UE. Based on this analysis, DTX status means the unicast link is so bad that Tx UE and Rx UE cannot communicate with each other. Thus, DTX status is similar as OOS state in Uu.
[bookmark: _Ref32496327][bookmark: _Ref23630416]Proposal 2: For HARQ based NR SL RLF detection, ACK or NACK status is determined as IS state, while DTX status is determined as OOS state.
In the email discussion [108#99][V2X] HARQ based TX side RLM/RLF, there are two options for the procedures of HARQ based NR SL RLF detection.
Option1: RLF is declared when the number of consecutive received DTX statuses reaches a maximum number
Option2: Like Uu RLF procedure, a recovery timer (T310-like) is started when the number of consecutive received DTX statuses reaches a maximum number.  The UE declares RLF when the recovery timer expires.
According to the email summary, Option 1 was proposed as a simple procedure for SL RLF. However, option1 cannot avoid the case for fading or temporary blocking. For example, the V2X UEs just block by a car or a building. The HARQ indication may be temporarily as consecutive DTX statuses. If the V2X UEs move forward, the unicast link between them can be recovered. The V2X UEs can still communicate with each other using this unicast link. The RLF cannot be declared as fading or temporary blocking. Thus, recovery timer is necessary to alleviate the impact of temporary poor channel condition. The recovery timer is stopped when the UE receives several consecutive ACK and NACK statuses. 
[bookmark: _Ref32496338]Proposal 3: For HARQ based NR SL RLF detection, a recovery timer is needed. The recovery timer is started when the number of consecutive received DTX statuses reaches a maximum number and stopped when the UE receives several consecutive ACK and NACK statuses. The UE declares RLF when the recovery timer expires.

Since HARQ feedback status (i.e., ACK, NACK) is available in AS layer, there is no additional RLM indication from physical layer. However DTX state is needed for SL RLM/RLF, it can be reported to AS layer from physical layer. Thus, we suggest send an LS to RAN1 to inform our agreements and ask them to report the DTX state for SL RLM/RLF.
[bookmark: _Ref32496344]Proposal 4: Send LS to RAN1 to inform our agreements and ask them to report the DTX state to AS layer for SL RLM/RLF.

2.2. Which SL RLM/RLF parameter(s) are needed to be configured for Tx UE?
Based on the above proposed procedure for HARQ based NR SL RLF detection, a recovery timer is necessary to be configured to the Tx UE. Besides the recovery timer, the maximum number of consecutive DTX statuses and the maximum number of consecutive ACK and NACK statuses are also needed to be configured to the Tx UE. The maximum number of consecutive DTX statuses is used to trigger the initiation of the recovery timer. The recovery timer is stopped when the number of consecutive received ACK and NACK statuses reaches the configured maximum number of consecutive ACK and NACK statuses.
[bookmark: _Ref32496351]Proposal 5: For HARQ based NR SL RLF detection, the following three parameters are needed to be configured to the Tx UE:
· a recovery timer;
· the maximum number of consecutive DTX statuses;
· the maximum number of consecutive ACK and NACK statuses.

2.3. How to configure the SL RLM/RLF parameter(s) for Tx UE
Regarding to the NR SLRB parameters configuration for UE in unicast, the following principles have already been agreed:
· For RRC_CONNECTED UE in SL unicast, the network can configure the SLRB parameters using UE dedicated RRC signaling;
· For RRC_IDLE and RRC_INACTIVE UE in SL unicast,  the network can configure the SLRB parameters using SIB;
· For OOC UE in SL unicast, since there is no network coverage, the SLRB parameters can only be pre-configured.
For the configurable SL RLF detection timers and constants for Tx UE, it’s better to follow the same principle that:
· For RRC_CONNECTED Tx UE in SL unicast, the network can configure the SL RLF detection timer using UE dedicated RRC signaling;
· For RRC_IDLE and RRC_INACTIVE Tx UE in SL unicast,  the network can configure the SL RLF detection timer using SIB;
· For OOC Tx UE in SL unicast, the SL RLF detection timer can only be pre-configured.
And then, the configuration granularity of RLF detection timers and constants should be further discussed:
For RRC_CONNECTED Tx UE, regarding to the parameter configuration, there are three configuration granularities, as following:
· Option 1: network configures the SL RLF detection timers and constants per SLRB per UE;
· Option 2: network configures the SL RLF detection timers and constants per unicast link.
· Option 3: network configures the SL RLF detection timers and constants per UE (i.e., same as Uu RLM model);
For Option 1, between the two unicast peer UEs, several SLRBs may be established with different QoS requirement. It is hard to detect RLF based on multiple SL RLF detection timers. 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 SL RLF detection timer 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 SL RLF detection timer per UE. When UE in RRC_CONNECTED mode and perform V2X communication, the network can configure/re-configure the UE specific SL RLF detection timer to the UE, i.e., same as Uu RLM model.
For RRC_IDLE and RRC_INACTIVE Tx UE, regarding to the parameter configuraion, there are two configuration granularities as following:
· Option 1: network configures the different SL RLF detection timers for different QoS profiles, like SLRB configuration;
· Option 2: network configures a common SL RLF detection configuration 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 a common SL RLF detection timer per cell using SIB. 
For OOC UE, the analysis is similar as the RRC_IDLE and RRC_INACTIVE UE, it is suggested that the SL RLF detection configuration per UE is enough.
[bookmark: _Ref23630421][bookmark: _Ref32496356]Proposal 6: For RRC_CONNECTED UE, the SL RLF detection parameters should be configured by network using dedicated RRC signaling per UE. 
[bookmark: _Ref23630428]Proposal 7: For RRC_IDLE and RRC_INACTIVE UE, the SL RLF detection parameters should be configured by SIB per cell.
[bookmark: _Ref23630433]Proposal 8: For OOC UE, the SL RLF detection parameters should be pre-configured per UE.

2.4. Tx UE behaviors upon NR SL RLF
According to the RAN2 agreements on SL RLF in RAN2#107bis meeting, upon SL RLF declaration the UE releases the PC5-RRC connection immediately. Hence, in this section, we discuss the detail UE behaviors when UE releases the PC5-RRC connection.
In TS38.331, the UE behaviors for Uu RLF are described in Section 5.3.10.3. When UE detects Uu RLF, UE will perform the actions upon going to RRC_IDLE or initiate the connection re-establishment procedure depends on whether AS security has been activated or not. According to the current agreements, the UE behaviors, when SL RLF, can be based on the UE behaviors which UE performs the actions upon going to RRC_IDLE when Uu RLF.
According to Section 5.3.11 in 38.331, the UE behaviors when going to RRC_IDLE are as following:
· stop all timers that are running except T302, T320 and T325;
· discard the UE Inactive AS context, if any;
· release the suspendConfig, if configured;
· set the variable pendingRnaUpdate to false, if that is set to true;
· discard the KgNB key, the S-KgNB key, the S-KeNB key, the KRRCenc key, the KRRCint key, the KUPint key and the KUPenc key, if any;
· release all radio resources, including release of the RLC entity, the MAC configuration and the associated PDCP entity and SDAP for all established RBs;
· indicate the release of the RRC connection to upper layers together with the release cause
Excluding the UE behaviors for releasing the suspendConfig and setting the variable pendingRnaUpdate to false, other UE behaviours can be also suitable for the UE behavior per unicast link when PC5 RLF in the unicast link. 
In the current 38.331 running CR, it already captured some behaviours upon SL RLF declaretion, including releasing all established SLRBs for this unicast link and indication the release of the PC5-RRC connection to the upper layer. Beside these, according to the above Uu RLF behaviours, the following Tx UE behavior can also be necessary when SL RLF in the unicast link:
· stop all the timers of this unicast link that are running, e.g., the recovery timer;
· discard the UE AS context of this unicast link, if any;
· discard the key of this unicast link. Detail key needs SA3 progress.
[bookmark: _Ref23630441]Proposal 9: Besides the UE behaviours captured in the current 38.331 running CR, the additional Tx UE behaviours upon NR SL RLF can be as following:
-	stop all the timers of this unicast link that are running, e.g., the recovery timer;
-	discard the UE AS context of this unicast link, if any;
-	discard the key of this unicast link.

3. Conclusion
According to the above discussion, the proposals for RLM / RLF Procedure in NR V2X Sidelink are as follows:
Proposal 1: From Tx UE perspective, the RLM/RLF detection mechanism based on HARQ feedback is necessary to be supported.
Proposal 2: For HARQ based NR SL RLF detection, it should be based on SL DTX.
Proposal 3: For HARQ based NR SL RLF detection, a recovery timer is needed.  The recovery timer is started when the number of consecutive received DTX statuses reaches a maximum number and stopped when the UE receives several consecutive ACK and NACK statuses. The UE declares RLF when the recovery timer expires.
Proposal 4: Send LS to RAN1 to inform our agreements and ask them to report the DTX state to AS layer for SL RLM/RLF.
Proposal 5: For HARQ based NR SL RLF detection, the following three parameters are needed to be configured to the Tx UE:
· a recovery timer;
· the maximum number of consecutive DTX statuses;
· the maximum number of consecutive ACK and NACK statuses.
Proposal 6: For RRC_CONNECTED UE, the SL RLF detection parameters should be configured by network using dedicated RRC signaling per UE. 
Proposal 7: For RRC_IDLE and RRC_INACTIVE UE, the SL RLF detection parameters should be configured by SIB per cell.
Proposal 8: For OOC UE, the SL RLF detection parameters should be pre-configured per UE.
Proposal 9: Besides the UE behaviours captured in the current 38.331 running CR, the additional Tx UE behaviours upon NR SL RLF can be as following:
-	stop all the timers of this unicast link that are running, e.g., the recovery timer;
-	discard the UE AS context of this unicast link, if any;
-	discard the key of this unicast link.
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