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1 Introduction
RAN2 made the following agreements at RAN2 #112e meeting [1].

Agreements on SL DRX: 

1: 
Sidelink DRX needs to support sidelink communications for both in and out of network’s coverage scenarios.

2:
RAN2 will prioritize normal use case without consideration of relay UE use case in Rel-17.

3:
Support SL DRX for all casting types.

4:
If a UE is in SL active time, UE should monitor PSCCH. FFS on PSSCH. FFS for sensing impacts.

5:
RAN2 is not going to introduce SL paging and SL PO for SL DRX.

6:
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.

7:
Working assumption: SL DRX should take PSCCH monitoring also for sensing (in addition to data reception) into account if SL DRX is used.

8:
Support of long DRX cycle for SL unicast should be assumed as a baseline. FFS on the need of short DRX cycle.

9:
Deprioritize SL WUS from RAN2 point of view in Rel-17.

In this contribution, we further discuss the following design aspects on sidelink DRX:
· Sidelink DRX Configurations

· Sidelink DRX Operations 

2 Discussion  
2.1 Sidelink DRX Configurations
At RAN2 #112e meeting, a common sidelink DRX configuration was proposed and discussed. In this contribution, we further discuss the common sidelink DRX and other sidelink DRXs.

As illustrated in Figure 1, SL DRX also forms the traffic pattern from a transmitter (Tx) UE, i.e. a TX UE does not transmit while its Rx UE(s) are not at SL DRX On state for monitoring SCI(s). If a UE is configured with one sidelink DRX like Uu DRX, then all UEs must have the same sidelink DRX configuration in order to support a broadcast communication on sidelink. This may result in very long sidelink DRX On duration to accommodate all sidelink communications, reducing the Off duration for power saving, or may result in very congested sidelink traffic in a short sidelink DRX On duration for power savings, both at the cost of degraded performance and reduced resource utilization on sidelink. Therefore, a one-size-fits-all common SL DRX configuration for all communications on sidelink does not serve both power saving and diverse QoS requirements.
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Figure 1. One Sidelink DRX Configuration

Observation1: a one-size-fits-all common SL DRX configuration for all communications on sidelink is not efficient for both power saving and QoS requirements.
However, a common SL DRX (pre-)configured with the associated radio resource configuration for all UEs as an initial or default SL DRX, e.g., used for group or peer discovery or prior to PC5 RRC connection established between a UE pair, may be beneficial for UEs needing power saving.
In addition to a common SL DRX as an initial or default SL DRX, additional SL DRXs may also be configured to support different power saving and QoS requirements and to distribute sidelink traffic evenly for better system resource utilization and overall system performance. As shown in Figure 2, a common SL DRX (e.g., SL DRX 1) may be configured for all UEs as an initial or default SL DRX, a SL DRX may be configured for a UE pair for unicast (e.g., SL DRX 2 for UE 1 and 2, SL DRX 4 for UE 3 and 4), and another SL DRX may also be formed for groupcast (e.g., SL DRX 3 for UE1, 3, 4, etc.) or for broadcast.
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Figure 2. Multiple Sidelink DRX Configurations
For a UE engaging in different V2X or public safety services with different QoS requirements (e.g., reliability, latency, etc.) and different communication types (e.g., broadcast, groupcast and unicast), supporting more than one sidelink DRX configurations, as shown in Figure 2, may be required to meet both power saving and QoS requirements. Therefore, sidelink DRX formation needs to be coordinated to accommodate all.

Observation1: a UE engaging in different V2X or public safety services may be configured with different SL DRX(s) in addition to a common SL DRX.

Proposal 1: A common SL DRX may be (pre-)configured for all UEs with SL DRX enabled as an initial or default SL DRX.

Proposal 2: A common SL DRX may be (pre-)configured with radio resource (pre-)configuration.

Proposal 3: For different sidelink communications, UEs may be configured with different SL DRXs in addition to a common SL DRX.

As illustrated in Figure 3, for different power saving and latency requirements, SL DRX cycle length may be configured differently, e.g., SL DRX 1 is configured with much longer SL DRX cycle length comparing with SL DRX 2. Also, the SL DRX on duration may be configured based on the data traffic characteristics, such as packet size, retransmissions, number of UEs, etc. [2].
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Figure 3. Sidelink DRX Configurations per QoS Requirements
Observation 2: different QoS requirements, traffic characteristics, power saving requirements of a service, a group or a UE pair may require different SL DRX configurations.

Proposal 3: Different SL DRX configurations with different SL DRX cycle length and different SL DRX on duration may be configured for tradeoff between power saving and QoS requirements.
2.2 Sidelink DRX Operations 
At RAN2 #112e meeting, sidelink DRX design using timers was also discussed and an agreement was made to support timer-based design. In this contribution, we further discuss SL DRX operations with and without timers.
As shown in Figure 4, for sidelink transmissions without retransmissions enabled, a Tx UE sends an initial transmission during the SL DRX on duration, e.g., a transmission carried on PSSCH1 to Rx UE 1 and a transmission carried on PSSCH2 to Rx UE 1 or 2. In this case, the Inactivity Timer is not needed since there is no time gap between the sidelink scheduling SCI (e.g., SCI 1 and SCI 2) and the associated data carried on PSSCH (e.g., PSSCH 1 and PSSCH 2). 
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Figure 4. Slot based single transmission in SL DRX on duration
Observation 3: The Inactivity Timer is not needed for a slot based single transmission without retransmissions in SL DRX on duration.
In addition, as illustrated in Figure 5, a Tx UE may send an initial transmission with the SCI reserving a retransmission within the SL DRX on duration. In this case, the Inactivity Timer is not needed neither. 
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Figure 5. Initial and retransmissions in SL DRX on duration 

Observation 4: The Inactivity Timer is not needed for a retransmission within SL DRX on duration. 

However, as illustrated in Figure 6, a Tx UE may send an initial transmission within the SL DRX (e.g., SL DRX 1) on duration with the SCI reserving a retransmission outside the SL DRX on duration. In this case, the Inactivity Timer is needed for extending the active state, which may overlap with another SL DRX on duration (e.g., SL DRX 2) configured for different UEs. As a result of overlapped active states between two SL DRX on durations, the collision probability will increase. In addition, if an Rx UE fails decoding the SCI with the initial transmission, the Rx UE will not know that the Inactivity Timer needs to be activated for the retransmissions outside of the SL DRX on duration, while the Tx UE may still send the retransmissions as reserved. As a result, it might be more desirable for the Tx UE to select all resources within the active time of the Rx UE. In other words, the Rx UE need not be configured with a non-zero inactivity timer.
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Figure 6. Retransmissions out of SL DRX on duration
Observation 5: The downside of configuring a UE with a DRX inactivity timer are twofold: (1) it may lead to overlapped DRX active time across different users, thereby increasing collision probability, and (2) a Tx UE cannot know whether an Rx UE has received an SCI and will stay awake beyond its active time.

3 Conclusion
In this contribution, we further discuss sidelink DRX configurations and sidelink DRX operations with the following observations and proposals respectively.

Sidelink DRX Configurations
Observation1: a UE engaging in different V2X or public safety services may be configured with different SL DRX(s) in addition to a common SL DRX.
Observation 2: different QoS requirements, traffic characteristics, power saving requirements of a service, a group or a UE pair may require different SL DRX configurations.
Proposal 1: A common SL DRX may be (pre-)configured for all UEs with SL DRX enabled as an initial or default SL DRX.
Proposal 2: A common SL DRX may be (pre-)configured with radio resource (pre-)configuration.

Proposal 3: For different sidelink communications, UEs may be configured with different SL DRXs in addition to a common SL DRX.
Proposal 4: Different SL DRX configurations with different SL DRX cycle length and different SL DRX on duration may be configured for tradeoff between power saving and QoS requirements.

Sidelink DRX Operations

Observation 3: The Inactivity Timer is not needed for a slot based single transmission without retransmissions in SL DRX on duration.

Observation 4: The Inactivity Timer is not needed for a retransmission within SL DRX on duration. 

Observation 5: The downside of configuring a UE with a DRX inactivity timer are twofold: (1) it may lead to overlapped DRX active time across different users, thereby increasing collision probability, and (2) a Tx UE cannot know whether an Rx UE has received an SCI and will stay awake beyond its active time.

4 References
[1] RAN2 V2X/SLe session chair final notes, “RAN2-112e_V2X_Kyeongin_EOM”, RAN2 #112e, November 2nd - 13th, 2020.
[2] R2-2010672(S2-2008326), SA2 “LS on PC5 DRX operation”, RAN2 #112e, November 2nd - 13th, 2020.


