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Introduction
RAN2 made the following agreements at RAN2 #112e meeting [1].
1:	As baseline, for Sidelink DRX for SL unicast, it is proposed to inherit and use timers similar to what are used in Uu DRX. FFS for SL broadcast/groupcast. FFS on detailed timers.

RAN2 also made the following agreements at RAN2 #113e meeting [2].
1:	For data reception, RAN2 defines the behaviour for monitoring the SCI reception (i.e., PSCCH and 2nd SCI on PSSCH) during the SL active time for SL DRX. For data reception, the UE may skip monitoring of PSCCH and 2nd SCI on PSSCH during inactive time for SL DRX. Sensing aspect is not considered in this agreement.
2:	At least, On-duration timer and Inactivity timer are supported in SL unicast.
[bookmark: _Hlk67987943]3: 	HARQ RTT is supported in SL unicast. FFS for the detailed condition when it is supported. FFS whether HARQ RTT is explicitly configured or can be based on SCI. FFS on the need of HARQ retransmission timer.
4: 	Timer-based SL DRX is also applied to SL groupcast/broadcast.
5: 	At least, on-duration timer is supported for SL groupcast. FFS for the need and detailed condition when inactivity timer is supported.
6: 	HARQ RTT is supported in SL groupcast. FFS for the detailed condition when it is supported. FFS whether HARQ RTT is explicitly configured or can be based on SCI. FFS on the need of HARQ retransmission timer.
7: 	At least, on-duration timer is supported for SL broadcast.


In this contribution, we further discuss design aspects on sidelink DRX timers for unicast, groupcast and broadcast, as well as other aspect such as backward compatibility with Rel. 16.

Discussion  
Sidelink DRX Timers
At RAN2 #113e meeting, it was agreed that timer based sidelink DRX design would be adopted for unicast, groupcast and broadcast [1]. Thus, further discussions on timers for different communication types (i.e. cast type) are presented here.
Timers for Unicast
For unicast, an Inactivity timer may be started if a reserved retransmission is out of the On duration as indicated by an SCI with the initial transmission within the On duration, as shown in Figure 1. 
However, Inactivity timer may also be started if resource reselection is enabled since a retransmission reserved within an On duration may be transmitted later due to resource reselection. 


Figure 1. Inactivity Timer for a Re-transmission
 
Proposal 1. For unicast, Inactivity timers are activated by Tx UE and Rx UE respectively based on the first reserved resource for blind or HARQ retransmission indicated by SCI, where the Inactivity timers are set with a configured value as the baseline design. FFS if the configured value can be overwritten by the reservation info indicated in SCI, if enabled.

For HARQ based retransmission, a Tx UE may decide to retransmit or not based on the HARQ feedback from an RX UE with HARQ RTT timer and HARQ retransmission timer. 
As illustrated in Figure 2, the Rx UE’s HARQ RTT timer may be started after sending a NACK to the Tx UE, and Tx UE’s HARQ RTT timer may be started after receiving a NACK from the Rx UE. Rx UE may switch to receiving mode and Tx UE may switch to transmitting mode and thus both Tx UE and Rx UE are in inactive state for communications while the HARQ RTT timer is running. The HARQ retransmission timer may be activated automatically upon HARQ RTT timer expiration for both Rx UE and Tx UE. Tx UE may conduct the retransmission at the resource either reserved previously or reselected due to priority based dropping or pre-emption.


Figure 2. HARQ RTT and Retransmission Timer for a Re-transmission 
Proposal 2. For unicast, a HARQ RTT timer is activated by Rx UE after sending a NACK or by Tx UE after receiving a NACK, and a HARQ(DRX) Retransmission timer is activated when the HARQ RTT timer expires like Uu DRX. 

If a new TB transmission is not allowed while the Inactivity timer is running, the Rx UE may end its Inactivity timer after sending an ACK for a successfully decoded TB transmission and then the Rx UE may switch to lower power state for power saving. Similarly, the Tx UE may finish a TB transmission. 
If a new TB transmission is allowed while the Inactivity timer is running, the Inactivity timer may be re-started based on the SCI indicating a new TB transmission, which allows the Tx UE to be able to transmit a burst of transmissions with extending the Rx UE’s active time. However, to restart Inactivity timer for a new transmission or not needs to be determined based on the trade-off between QoS requirement and power saving requirement.  
Proposal 3. For unicast, Inactivity timer is not terminated by an Rx UE after a successful decoding so that the Rx UE may continue monitoring SCI(s) for new transmission(s) while Inactivity timer is running. 

Timers for Groupcast and Broadcast
For groupcast and broadcast, similarly, an Inactivity timer may be started if a reserved retransmission is out of the On duration as indicated by an SCI with the initial transmission within the On duration. Additionally, Inactivity timer may also be started if resource reselection is enabled since a retransmission reserved within an On duration may be transmitted later due to resource reselection. 
However, an Rx UE may fail decoding the SCI transmitted with the initial transmission in the On duration and may not be able to start the Inactivity timer to extend its active time and thus may not continue monitoring the retransmissions. For groupcast with HARQ ACK/NACK based retransmissions, it’s similar to Uu DRX where a DTX from the Rx UE may be treated.
Proposal 4. For groupcast, Inactivity timers are activated by Tx UE and Rx UE(s) respectively based on the first reserved resource for blind or HARQ retransmission indicated by SCI, where the Inactivity timers are set with a configured value. 
Proposal 5. For broadcast, Inactivity timers are activated by Tx UE and Rx UE(s) respectively based on the first reserved resource for blind retransmission indicated by SCI, where the Inactivity timers are set with a configured value.

For HARQ based retransmission, a Tx UE may decide to retransmit or not based on the HARQ feedback from RX UE(s) with HARQ RTT timer and HARQ retransmission timer. 
For example, an Rx UE’s HARQ RTT timer may be started after sending a NACK to the Tx UE, and Tx UE’s HARQ RTT timer may be started after receiving at least a NACK(s) from Rx UE(s). Both Tx UE and Rx UE(s) are in inactive state for communications while the HARQ RTT timers are running. A HARQ retransmission timer may be activated automatically upon a HARQ RTT timer expiration for both Rx UE(s) and Tx UE. Tx UE may conduct the retransmission at the resource either reserved previously or reselected.
Proposal 6. For groupcast, a HARQ RTT timer is activated by an Rx UE after sending a NACK or by Tx UE after receiving at least a NACK, and a HARQ Retransmission timer is activated when the HARQ RTT timer expires. 

If a new TB transmission from same or different Tx UE is not allowed while the Inactivity timer is running, an Rx UE(s) may end the Inactivity timer after successfully decoding the TB and then the Rx UE(s) may switch to lower power state for power saving. Similarly, the Tx UE may finish a TB transmission after all ACKs received for ACK and NACK based HARQ retransmission or no NACK received for NACK only based HARQ retransmission. 
If a new TB transmission is allowed while the Inactivity timer is running, the Inactivity timer may be re-started based on the SCI indicating a new TB transmission. However, as illustrated in Figure 3, if an Rx UE misses decoding the first SCI transmitted with an initial transmission within the On duration and thus doesn’t have Inactivity timer running to continue monitoring the SCI(s) for retransmission(s). Furthermore, the Rx UE is not able to detect the succeeding new transmissions from same or different Tx UE as shown in Figure 3.  



Figure 3. (Re-)transmissions with Inactivity Timer Running

Proposal 7. For groupcast and broadcast, the Inactivity timer is terminated by an Rx UE with a successful decoding.
Backward Compatibility Issue
In the WI description for Rel. 17 WI Sidelink Enhancement [3], the following is stated
Enhancements introduced in Rel-17 should be based on the functionalities specified in Rel-16, and Rel-17 sidelink should be able to coexist with Rel-16 sidelink in the same resource pool. This does not preclude the possibility of operating Rel-17 sidelink in a dedicated resource pool.
For a Rel. 16 UE sharing a resource pool with a Rel. 17 UE, the Rel. 16 UE may reserve resources within Rel. 17 UE’s sidelink DRX On duration and indicate this reservation during Rel. 17 UE’s inactive time since Rel. 16 UE doesn’t know Rel. 17 UE’s SL DRX configuration. In this case, collisions between the Rel. 16 UE and the Rel. 17 UE transmissions may happen.
Observation 1. If Rel. 16 UEs share a resource pool with Rel. 17 UEs, the possibility of collisions between Rel.16 UEs’ transmissions and Rel. 17 UEs’ transmissions may increase, since Rel. 16 UEs are not aware of Rel. 17 UEs’ sidelink DRX configurations.
At a proximity, if a Rel. 16 UE sends a message with broadcast or groupcast while a Rel. 17 UE is at inactive state, the Rel. 17 UE won’t be able to monitor the transmission and receive the message from the Rel. 16 UE.
Observation 2. If a Rel. 16 UE sends a message with broadcast or groupcast while a Rel. 17 UE is at inactive state, the Rel. 17 UE won’t be able to receive the message.
With the observations above, there is backward compatibility issue when Rel. 17 UEs co-exist with Rel. 16 UEs since Rel. 16 UEs are not aware of Rel. 17 UEs’ sidelink DRX configurations. 
Proposal 7. RAN2 needs to discuss the backward compatibility issue for Rel. 17 UEs using sidelink DRX.
 
Conclusion
In this contribution, we further discussed design aspects on sidelink DRX timers for unicast, groupcast and broadcast with the following observations and proposals.
Sidelink DRX Timers
Proposal 1. For unicast, Inactivity timers are activated by Tx UE and Rx UE respectively based on the first reserved resource for blind or HARQ retransmission indicated by SCI, where the Inactivity timers are set with a configured value as the baseline design. FFS if the configured value can be overwritten by the reservation info indicated in SCI, if enabled.
Proposal 2. For unicast, a HARQ RTT timer is activated by Rx UE after sending a NACK or by Tx UE after receiving a NACK, and a HARQ(DRX) Retransmission timer is activated when the HARQ RTT timer expires like Uu DRX. 
Proposal 3. For unicast, Inactivity timer is not terminated by an Rx UE after a successful decoding so that the Rx UE may continue monitoring SCI(s) for new transmission(s) while Inactivity timer is running. 
Proposal 4. For groupcast, Inactivity timers are activated by Tx UE and Rx UE(s) respectively based on the first reserved resource for blind or HARQ retransmission indicated by SCI, where the Inactivity timers are set with a configured value. 
Proposal 5. For broadcast, Inactivity timers are activated by Tx UE and Rx UE(s) respectively based on the first reserved resource for blind retransmission indicated by SCI, where the Inactivity timers are set with a configured value.
Proposal 6. For groupcast, a HARQ RTT timer is activated by an Rx UE after sending a NACK or by Tx UE after receiving at least a NACK, and a HARQ Retransmission timer is activated when the HARQ RTT timer expires. 
Proposal 7. For groupcast and broadcast, the Inactivity timer is terminated by an Rx UE with a successful decoding.
Backward Compatibility Issue
Observation 1. If Rel. 16 UEs share a resource pool with Rel. 17 UEs, the possibility of collisions between Rel.16 UEs’ transmissions and Rel. 17 UEs’ transmissions may increase, since the Rel. 16 UEs are not aware of Rel. 17 UEs’ sidelink DRX configurations.
Observation 2. If a Rel. 16 UE sends a message with broadcast or groupcast while a Rel. 17 UE is at inactive state, the Rel. 17 UE won’t be able to receive the message.
Proposal 8. RAN2 needs to discuss the backward compatibility issue for Rel. 17 UEs using sidelink DRX.
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