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In RAN1#96bis meeting, the following agreements have been reach regarding to the SL RLM. 
	Agreements:
· No new reference signal dedicated to SL RLM is introduced. 
· Existing SL RS is reused for SL RLM/RLF
· Note: CSI-RS is not precluded
· RAN1 has no intention to introduce RS transmitted in a periodic manner only for SL RLM purposes
· FFS:
· Whether SL RS is transmitted in a stand-alone manner for SL RLM/RLF 
Agreements:
· Regarding metric for SL RLM/RLF declaration, RAN1 discussed the following (to be further studied):
· Reuse IS/OOS metric in Uu RLM as much as possible but considering the condition that RAN1 has no intention to introduce RS transmitted in a periodic manner only for SL RLM purposes
· Other metrics, e.g., congestion control metric (similar to CBR in LTE), consecutive HARQ-NACKs, etc.
· Note: RAN1 expects further input from RAN2 to further progress on this topic


In this contributions, we provides the analysis and proposals to address SL RLM issue.
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RS for SL RLM
For RLM, it is mainly used for the connection-based unicast communication for maintenance of the link. On the other hand, MIMO transmission will be supported for the unicast communication, which implies that the data channel and the associated DMRS may be subject to pre-coding. Thus, if the data channel DMRS is used for RLM measurement, it will cause uncertainty on the RLM measurement accuracy and result because Rx UE can’t differentiate between the channel condition change and the pre-coding change from the measurement. 
Observation 1: Data channel DMRS with potential MIMO pre-coding in unicast communication is undesirable to be used as RLM RS.
Typically, RLM is used to link the control channel performance and the RLM RS measurement to ensure the robust link connection for control channel detection. Because the successful detection of the control channel is a perquisite to decode the data channel decoding. And there is no HARQ for the control channel, which leads to the vulnerable control channel performance in the radio link.  Thus, the RS reflecting the control channel performance without MIMO pre-coding will be desirable to be used as RLM RS.
Observation 2: RS reflecting the control channel performance without MIMO pre-coding is desirable to be used as RLM RS.
One of the considerations is to use the control channel DMRS. However, in the unicast communication, it is possible to have the pre-coded control channel as long as it is transparent to UE. If the control channel is pre-coded similar to the data channel, using the control channel DMRS as RLM RS will have the similar problem as data channel DMRS. For example, if the single SCI is used for transmission with pre-coding same as the data channel, it is difficult to be used as the RLM RS with reliable measurement results. Otherwise, the transmission of the single SCI has to be restricted to the transmit diversity for reusing DMRS as RLM RS
Observation 3: The DMRS of the single SCI can be used as RLM RS, only if it is restricted to the transmit diversity for transmission. 
The DMRS of the SCI with transmit diversity can be used as RLM RS for measurement to derive the average channel condition for the control channel detection. Besides, if the resource size for SCI (w/ fixed payload size) transmission is fixed, the number of DMRS and the location can also be fixed, which can guarantee the performance of the RLM measurement and simplify the measurement algorithm.
Proposal 1: The DMRS of the SCI with transmit diversity can be used as RLM RS.
Alternatively, the CSI-RS without any pre-coding could be used as RLM RS. However, it is unclear on the configuration of CSI-RS, e.g., the bandwidth and/or the location. At least the different configuration of CSI-RS will have the impact on the RLM measurement requirement, the accuracy and IS/OOS criteria settings. Accordingly, it may cause the complexity for UE implementation. To be noted, it has been agreed that there is no standalone CSI-RS for RLM. 
Observation 4: Different CSI-RS configuration reused for RLM will have the impact on the RLM measurement requirements, causing the high UE implementation complexity. 
Metric for SL RLM
The SL RLM metric can be considered from both Rx UE and Tx UE. For unicast communication, each one of the two directions (UE1->UE2 and UE2->UE1) for bi-lateral communication can have its own RLM because of the potential role switching between Tx and Rx for the UE. Thus, it should allow each one of the two UEs to configure the other UE as Rx UE with a reception configuration and the corresponding RLM parameters. This leads to the flow shown in Figure 1, where UE1 is the initial Tx UE and UE2 is the initial Rx UE.


[bookmark: _Ref3972965]Figure 1: PC5-RRC configuration in both directions
Proposal 2: Bi-lateral unicast communication can support two RLMs with one RLM per each direction.
Proposal 3: If the Rx UE needs to transmit data, it sends a new configuration message to the (previous) Tx UE with a reception configuration and RLM parameters.
This use of separate configurations also implies that RLM can take place separately, i.e., the link from UE1 to UE2 is monitored independently from the link from UE2 to UE1.  This means that if the traffic is deliverable in one direction but not the other, the “bad” direction will show a link failure; upper layers can then decide what to do, e.g. tear down the service, switch the failed direction to use Uu (allowing the service to continue, potentially using PC5 for traffic in one direction and Uu for the other), etc.
Proposal 4: RLM is independent in the two directions of a unicast link.
In addition to RS based IS/OOS metric for RLM, the other metric such as HARQ A/N can be considered. Instead of monitoring at the receiver UE (e.g. UE2), the transmitter UE (e.g. UE1) can perform RLM monitoring, e.g., based on the expected transmission from the other side. For example, UE1 may monitor the link quality of the UE1->UE2 (and/or UE2->UE1) link according to the received HARQ A/N corresponding to the data transmitted by UE1 during a period. If the ratio between the received A/N number and total expected A/N number is lower than a threshold during a period, it can be claimed as RLF. Such a monitoring scheme is shown in Figure 2.
In Figure 2, UE1 (the transmitter UE) repeatedly performs data transmission to UE2 (the receiver UE).  At the first data transmission occasion, UE2 successfully decodes the PSCCH which schedules the data, then successfully decodes the physical sidelink shared channel (PSSCH) where the data are carried; thus it sends a HARQ ACK.  UE1 receives the expected A/N transmission (in this case an ACK) and records an A/N ratio of 1/1.  At the second data transmission occasion, UE2 successfully decodes the PSCCH, but does not successfully decode the PSSCH.  Such a decoding failure may be due to deteriorating channel conditions, a localised burst of interference, etc.  UE2 sends a HARQ NACK.  UE1 receives the expected A/N transmission (in this case a NACK) and records an A/N ratio of 2/2,  At the third data transmission occasion, UE2 is not able to decode the PSCCH and thus does not know if the transmission was intended for UE2, so it does not send a HARQ A/N response.  UE1, monitoring for the A/N transmission, does not receive it and records an A/N ratio of 2/3.  Again, at the fourth data transmission occasion, UE2 fails to decode the PSCCH and does not transmit an A/N response.  UE1 does not receive the expected A/N transmission and records an A/N ratio of 2/4.  This ratio may cross a defined threshold for declaring RLF (for example, UE1 may have been configured to declare RLF if 50% of its transmissions do not receive an A/N response), so UE1 declares RLF on the UE1->UE2 link.


Figure 2: RLF declaration based on missing ACK/NACK responses
Proposal 5: A/N based RLM at Tx UE is supported by collecting A/Ns during a time window.
Conclusion
In this contributions, we provided the analysis about SL RLM issues with the following observations:
Observation 1: Data channel DMRS with potential MIMO pre-coding in unicast communication is undesirable to be used as RLM RS.
Observation 2: RS reflecting the control channel performance without MIMO pre-coding is desirable to be used as RLM RS.
Observation 3: The DMRS of the single SCI can be used as RLM RS, only if it is restricted to the transmit diversity for transmission. 
Observation 4: Different CSI-RS configuration reused for RLM will have the impact on the RLM measurement requirements, causing the high UE implementation complexity. 
The following proposals are provided to address SL RLM issue for discussion/decision:
Proposal 1: The DMRS of the SCI with transmit diversity can be used as RLM RS.
Proposal 2: Bi-lateral unicast communication can support two RLMs with one RLM per each direction.
Proposal 3: If the Rx UE needs to transmit data, it sends a new configuration message to the (previous) Tx UE with a reception configuration and RLM parameters.
Proposal 4: RLM is independent in the two directions of a unicast link.
Proposal 5: A/N based RLM at Tx UE is supported by collecting A/Ns during a time window.
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