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1 Introduction

In RAN2#108, based on LS from RAN1 with the following agreements:
	Agreements:

For sidelink RLM/RLF at Tx UE, the usage of HARQ feedback status is feasible from RAN1 perspective when sidelink HARQ is enabled

· There is no IS/OOS indication to upper layer from physical layer for sidelink RLM at Tx UE
· It is RAN1 understanding that HARQ feedback status (i.e., ACK, NACK) is available in upper layer without additional RLM indication from physical layer

· DTX is reported to upper layer for sidelink RLM if RAN2 agree to use it

· This doesn’t require RAN1 specification impact


RAN2 has reached the following agreements for Sidelink RLM/RLF [1]
· RAN2 will not introduce SL RLM/RLF from RX UE. 

In this paper, we discuss whether HARQ feedback (HARQ A/N and/or HARQ DTX) based TX-side RLF/RLF is feasible.
2 Discussions
For every SL unicast transmission, if HARQ feedback is enabled, there are three possible outcomes: 

· HARQ ACK received:

· HARQ NACK received: unable to decode the data portion of SL transmission

· Nothing received (DTX): DTX means the UE’s physical layer cannot determine whether the peer UE has sent explicit NACK or does not sent any NACK nor ACK. Receiving a DTX signal from L1 means the peer UE may not be able to decode the Sidelink Control Information (SCI)
In general, receiving a HARQ ACK is a positive sign of link quality of the sidelink, but receiving HARQ NACK or DTX is a bad sign and may indicate physical layer problems.
However, due to the L1 design issues, DTX can occur due to multiple reasons:

· Case 1: Large pathloss

· Case 2: Half Duplex constraint: peer UE prioritizing listening to PSFCH channel, so it will not be able to transmit in PSFCH channel at the same time (See next slide)

· Case 3: Transmission power limit constraints how many simultaneous PSFCH(s) can be sent by one UE (to the same or different destinations) in a slot. Suppose the limit is X, but the UE is supposed to send HARQ for Y(Y>X) different received transmissions), then there will be “Y-X" transmitters encounter DTX

Here is an example of DTX appearance in Case 2:
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Figure 1: False Alarm of Radio link loss with DTX signal of HARQ feedback

Descriptions for the events of this example are listed as below step by step:

1. 
UE 2 sends a higher-priority SL PDU in a slot to UE 1;
2. 
UE 3 sends a lower priority SL PDU in another slot to UE 2;
3. 
The PSFCH resources for those two PSCCH transmissions are in the same slot, so UE 2 cannot both TX and RX in the PSFCH symbol. UE 2 chooses to listen to the PSFCH for the HARQ feedback from UE 1, as it is associated with higher priority SL PDU;

4. 
UE 3 does not receive the HARQ feedback from UE 2, so it will indicate “DTX” to upper layer.
The above example shows that even when UE 2 and UE 3 are in close proximity and have a good link between them, the DTX may still be indicated. Therefore, DTX itself is not a reliable indicator of link problems, 
Observation 1
HARQ ACK/NACK feedbacks can be used as signs of physical layer problems, but DTX signal is unreliable and could be false alarm.

Then regarding the RLF radio link failure (radio link failure), we think this needs to be more rigorously evaluated. Firstly, as explained above, DTX may just appear due to scheduling issues, and it is not a faithful indicator of link failure.  

The second concern is that HARQ feedback may be only enabled in one of the SLRBs, and it is unclear how the HARQ-based RLF scheme considers the performance of other SLRBs relate to this TX UEs. For example, if UE of Src A address tries to send packet to Dst B address and receives a HARQ DTX, but also:

· There is another SLRB which the TX UE still receive ACK or NACK signals from the same RX address (Dst B)

· There is another unicast SLRB which the TX UE associated with a different L2 address (Src C) can still receive packets from the same address of the peer UE (Dst B).

·  There is another SL groupcast RB which the TX UE is part of the group. And this UE receives the groupcast transmission with L2 src address equals to the RX address (Dst B).

·  For a managed group, the UE associated with Src A address also transmit as a sender of this group and it receives HARQ positive feedback or( Option 1 or Option 2) and the sender UE knows that the RX UE using Dst B address is one of the group members (based on application layer group management procedures).  

In all the above cases, the reception of DTX signal from L1 shall be discredited and not count as physical layer failures. Therefore, we have the following observation:
Observation 2
TX UE cannot declare RLF unilaterally just based on the appearance of DTX or consecutive DTXs for one address pair.
In contrast, we think RLF can only be triggered either by RLC AM mode retransmission failures or keep-alive failure. Because in either of those two procedures, the peer UE is required to send a formal message of acknowledgement reliably as a “positive” indicator of the link aliveness. So, the peer UE will make serious efforts to deliver such a indicator. HARQ signal is just a one-shot L1 signal, which is not as good as a heart-beat vital sign in NR Uu SSB signals. Hence, we think for a sidelink without RLC AM SLRB, link failures can only be triggered by the failure of keep alive procedure. 
Proposal 1
Only PC5-S keep-alive procedure is used to declare link failure for a sidelink connection without RLC AM bearers.  
If the TX UE suspects that link issues based on non-positive HARQ signals, there is no harm for the AS layer to inform the upper layer about the physical layer problems to trigger a reevaluation of the link aliveness, i.e., initiating a PC5-S keep-alive procedure.
Proposal 2
TX UE can use consecutive HARQ failures to trigger the V2X layer to initiating the PC5-S keep-alive procedure to evaluate the link.
3 Conclusion

In this contribution, we discussed the TX-side RLM/RLF and have the following observations:

Observation 1
HARQ ACK/NACK feedbacks can be used as signs of physical layer problems, but DTX signal is unreliable and could be false alarm.
Observation 2
TX UE cannot declare RLF unilaterally just based on the appearance of DTX or consecutive DTXs for one address pair.
We have the following proposals:
Proposal 1
Only PC5-S keep-alive procedure is used to declare link failure for a sidelink connection without RLC AM bearers.  
Proposal 2
TX UE can use consecutive HARQ failures to trigger the V2X layer to initiating the PC5-S keep-alive procedure to evaluate the link.
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