
3GPP TSG-RAN WG2 Meeting #108                                                       R2-1914441
Reno, USA, 18th – 22nd Nov 2019  
                                   
Source:	CATT 
[bookmark: Title]Title:	RLM / RLF Procedure in NR V2X Sidelink
[bookmark: Source]Agenda Item:	6.4.5
[bookmark: DocumentFor]Document for:	Discussion and Decision

1. Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In the RAN2#106 and RAN2 #107bis meeting, the following agreements were made for NR SL AS level link management.
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.

Agreements on SL RLM/RLF: 
1: 	In case of SL RLC AM, RLF declaration is triggered by indication from RLC that the maximum number of retransmissions has been reached.
2:	RLF triggering condition based on indication by physical layer is supported (pending RAN1/RAN4 progresses on the topic).
3:	The RLM/RLF procedure only apply to NR SL unicast.
4:	In case of RRC_CONNECTED/INACTIVE/RRC_IDLE/Out-of-coverage UEs, upon SL RLF declaration (e.g., expiring of timer T310) the UE releases the PC5-RRC connection immediately and sends an indication to upper layers.
5:	For RRC_CONNECTED UEs, upon SL RLF declaration (e.g., expiring of T310), the UE informs NW via Sidelink UE Information. FFS if we need explicit failure indication in Sidelink UE information or if it’s enough for the UE to inform it by excluding the corresponding destination L2 id.
6:	Measured results is not included in Sidelink UE Information at RLF.
7:	A new timer (e.g., similar to T310) is specified for SL RLF handling (pending RAN1/RAN4 progresses on the topic).
8:	No need to specify a release procedure over the PC5-RRC at least at RLF.
In the RAN1#98bis meeting, RAN1 also made some progress for NR SL AS level link management as following:
Agreements:
· When the Rx UE received a signal associated with the unicast link, no support of IS/OOS indication to upper layer at the Rx UE
· When the Rx UE received no signal associated with the unicast link during an RLM indication period, no indication to upper layer at the Rx UE
· RAN1 is still discussing the IS/OOS indication from the Tx UE perspective
According to the above agreements, RAN1 agreed that Rx UE doesn’t support IS/OOS indication to upper layer and RAN1 is still discussing on the Tx UE perspective. Thus, in this contribution, we will further discuss the remaining open issues for NR SL RLM/RLF, which include:
· Issue 1: What are the SL RLF detection procedures from the Rx and Tx UE perspective respectively?
· Issue 2: How to configure the SL RLM/RLF parameters?
· Issue 3: What are the UE behaviors upon NR SL RLF?
· Issue 4: For RRC_CONNECTED UEs, upon SL RLF declaration, how does the UE inform NW via Sidelink UE Information?
2. Discussion
2.1. [bookmark: OLE_LINK3][bookmark: OLE_LINK4]SL RLF detection procedures for the Rx and Tx UE 
According to the RAN2 agreements, both side UEs need perform RLM/RLF detection mechanism. According to current RAN1 progress, the Rx UE doesn’t support IC/OOS indication to upper layer. Whether to support IC/OOS indication to upper layer from Tx UE perspective is still under discussion in RAN1.
According to the above progress, the RLF detection procedures for Rx UE and Tx UE need to be discussed separately. 
Tx UE detection procedure
From Tx UE perspective, if Tx UE cannot support RLM/RLF detection mechanism, 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 efficiency on the usage of SL resource. Thus, the RLM/RLF detection mechanism is necessary for Tx UE.
[bookmark: _Ref24112611]Proposal 1: From Tx UE perspective, the RLM/RLF detection mechanism is necessary to be supported.

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, for SL unicast in RLC AM mode, the RLF declaration can at least based on the maximum number of retransmissions has been reached in RLC.
Observation 1: From Tx UE perspective, RLF declaration can be triggered by indication from RLC that the maximum number of retransmissions has been reached in SL RLC AM mode.

For indication from PHY layer, one possible solution is based on HARQ feedback. Since Tx UE can explicitly know the timing when receiving the HARQ feedback, Tx UE can indicate IC when HARQ feedback is ACK or NACK and indicate OOC when HARQ feedback is DTX. If the Tx UE indication nothing to the upper layer during the RLM duration, it’s ensured that no HARQ feedback during this RLM duration. However, the detail solution depends on RAN1 progress. Thus, we suggest waiting RAN1 progress for the RLM indication.
[bookmark: _Ref23630416][bookmark: _Ref24112618]Proposal 2: From Tx UE perspective, whether and how to indicate the RLM results from PHY layer depends on RAN1 progress. Suggest sending LS to RAN1 to inform that the RLM/RLF detection mechanism is necessary to be supported for Tx UE.

Rx UE detection procedure
From Rx UE perspective, if Rx UE cannot support RLM/RLF detection mechanism, there are no big issue on SL resource efficiency, but the Rx UE cannot know whether or when to discard the UE AS context of this unicast link. It may occupy the memory space of Rx UE. Thus, we prefer to prefer at least the RLF detection mechanism for Rx UE.
[bookmark: _Ref24112625]Proposal 3: From Rx UE perspective, the RLF detection mechanism is necessary to be supported.

Since RLM and IC/OOS indication are not supported from Rx UE perspective, and it  Rx UE only can detect RLF according to whether receiving a message from the peer UE or not. Thus, we suggest that a timer for RLF detection is configured to the Rx UE. The timer is re-started when Rx UE receives a message from the peer UE. When the timer is expired, the Rx UE declares RLF.
[bookmark: _Ref23630406]Proposal 4: From Rx UE perspective, a new timer is configured for SL RLF detection.
[bookmark: _Ref23630412]Proposal 5: The timer is re-started when Rx UE receives a message from the peer UE in the unicast link. When the timer is expired, the Rx UE declares SL RLF.

Hence, it is obvious the RLF detection between the Rx and Tx UE may be unsynchronized even though they are in the same unicast link. 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 RLF detection procedure of the unicast peer UEs are separate and can be un-synchronized.
[bookmark: _Ref23630396]Proposal 6: The SL RLF detection procedure can be un-synchronized between the unicast peer UEs.

2.2. How to configure the SL RLM/RLF parameters
Regarding to RAN1 progress, the RLF detection procedure can be different between the unicast peer UEs. Thus, it’s better to discuss how to configure the NR SL RLM/RLF parameters for Tx UE and Rx UE separately.
The SL RLM/RLF parameters for Tx UE
According to the above analysis, according to the current agreement, RLF declaration for Tx UE can be triggered by indication from RLC that the maximum number of retransmissions has been reached in SL RLC AM mode. Thus the maximum number of retransmissions for RLC needs to be configured. Other parameters related with RLM/RLF Model are still under discussion in RAN1. 
Observation 2: From Tx UE perspective, at least the maximum number of retransmissions for RLC needs to be configured for SL RLF detection.

The SL RLF parameter for the Rx UE
According to Proposal 2, for Rx UE perspective, if it supports the SL RLF detection, only a SL RLF detection timer needs to be configured. 
Observation 3: From Rx UE perspective, if it supports the SL RLF detection, only a SL RLF detection timer needs to be configured.

How to configure the SL RLM/RLF parameters
We prefer a common principle to configure the NR SL RLM/RLF parameters for both Tx UE and Rx UE. Thus, we discuss the SL RLM/RLF parameter configuration issue for both Tx and Rx UE as follows.
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 timer for Rx UE, it’s better to follow the same principle that:
· For RRC_CONNECTED Rx UE in SL unicast, the network can configure the SL RLF detection timer using UE dedicated RRC signaling;
· For RRC_IDLE and RRC_INACTIVE Rx UE in SL unicast,  the network can configure the SL RLF detection timer using SIB;
· For OOC Rx UE in SL unicast, the SL RLF detection timer can only be pre-configured.
And then, the RLF detection timer configuration granularity should be further discussed:
For RRC_CONNECTED Rx UE, regarding to the parameter configuration, there are three configuration granularities, as following:
· Option 1: network configures the SL RLF detection timer per SLRB per UE;
· Option 2: network configures the SL RLF detection timer per unicast link.
· Option 3: network configures the SL RLF detection timer 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 timer 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 only one SL RLF detection timer for one UE is enough.

[bookmark: _Ref23630421]Proposal 7: 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. 
[bookmark: _Ref23630428]Proposal 8: For RRC_IDLE and RRC_INACTIVE UE using SL unicast, the SL RLM/RLF related parameters should be configured by SIB based on cell.
[bookmark: _Ref23630433]Proposal 9: For OOC UE using SL unicast, the SL RLM/RLF related parameters should be pre-configured based on UE.
[bookmark: _Ref23630437]Proposal 10: For RRC_CONNECTED UE, RRC_IDLE and RRC_INACTIVE UE and OOC UE using SL unicast, these (pre-)configured SL RLM/RLF related parameters can be used per unicast link.
2.3. UE behaviors upon NR SL RLF
According to the RAN2 agreements on SL RLF in RAN2#107bis meeting, upon SL RLF declaration (e.g., expiring of timer T310) 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 behaviors can be also suitable for the UE behavior per unicast link when PC5 RLF in the unicast link. Thus, the UE behavior when PC5 RLF in the unicast link can be as following:
· stop the timer(s) of this unicast link that are running, e.g., the timers related SL RLF procedure. Detail timers are FFS;
· discard the UE AS context of this unicast link, if any;
· discard the keys of this unicast link. Detail keys need SA3 progress;
· release the SL radio resources of this unicast link, including release of the  all established SLRBs.
[bookmark: _Ref23630441]Proposal 11: The UE behaviors upon NR SL RLF can be as following:
-	stop the timer(s) of this unicast link that are running, e.g., the timer(s) related SL RLF procedure. Detail timer(s) is FFS;
-	discard the UE AS context of this unicast link, if any;
-	discard the keys of this unicast link. Detail keys need SA3 progress;
-	release the SL radio resources of this unicast link, including release of the all established SLRBs.

2.4. For RRC_CONNECTED UEs, upon SL RLF declaration, how does the UE inform NW via Sidelink UE Information?
It was agreed in the last meeting that for RRC_CONNECTED UEs, upon SL RLF declaration (e.g., expiring of T310), the UE informs NW via Sidelink UE Information. For the detail information design, there are two options as follows.
Option 1: An explicit failure indication is indicated in Sidelink UE information to inform the SL RLF to the NW;
Option 2: Directly excluding the destination L2 id associated with the unicast link in Sidelink UE information to inform the SL RLF of this unicast link to the NW.
For option 1, the explicit failure indication may need spec efforts. Due to the time limitation, we slight prefer Option 2, since Option 2 can direct re-use current Sidelink UE information structure.
[bookmark: _Ref23630449]Proposal 12: For RRC_CONNECTED UEs, upon SL RLF declaration, the UE informs NW via Sidelink UE Information by excluding the corresponding destination L2 ID.
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 is necessary to be supported.
Proposal 2: From Tx UE perspective, whether and how to indicate the RLM results from PHY layer depends on RAN1 progress. Suggest sending LS to RAN1 to inform that the RLM/RLF detection mechanism is necessary to be supported for Tx UE.
Proposal 3: From Rx UE perspective, the RLF detection mechanism is necessary to be supported.
Proposal 4: From Rx UE perspective, a new timer is configured for SL RLF detection.
Proposal 5: The timer is re-started when Rx UE receives a message from the peer UE in the unicast link. When the timer is expired, the Rx UE declares SL RLF.
Proposal 6: The SL RLF detection procedure can be un-synchronized between the unicast peer UEs.
Proposal 7: 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 8: 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 9: For OOC UE using SL unicast, the SL RLM/RLF related parameters should be pre-configured based on UE.
Proposal 10: For RRC_CONNECTED UE, RRC_IDLE and RRC_INACTIVE UE and OOC UE using SL unicast, these (pre-)configured SL RLM/RLF related parameters can be used per unicast link.
Proposal 11: The UE behaviors upon NR SL RLF can be as following:
[bookmark: _GoBack]-	stop the timer(s) of this unicast link that are running, e.g., the timer(s) related SL RLF procedure. Detail timer(s) is FFS;
-	discard the UE AS context of this unicast link, if any;
-	discard the keys of this unicast link. Detail keys need SA3 progress;
-	release the SL radio resources of this unicast link, including release of the all established SLRBs.
Proposal 12: For RRC_CONNECTED UEs, upon SL RLF declaration, the UE informs NW via Sidelink UE Information by excluding the corresponding destination L2 ID.
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