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Introduction
RAN2 made the following agreements at RAN2 #113e meeting [1].
Agreements on SL DRX: 
1: 	For SL unicast (after SL unicast link is established), SL DRX configuration can be configured per a pair of source/destination. FFS whether SL DRX operates per direction or for both directions.
2:	For unicast, for OOC scenario, adopt per-direction DRX configuration is as baseline. FFS on whether it is TX-centric or Rx-centric, i.e. TX UE or RX UE decides it.
3:	For unicast, for OOC scenario, the UE who sends out the DRX configuration decides on the DRX configuration. FFS on whether pre-configuration and/or the assistance information from the peer UE is also taken into account when determining the DRX configuration.
4:	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.


In this contribution, we further discuss design aspects on directional sidelink DRX for unicast.

Discussion  
At RAN2 #113e meeting, directional sidelink DRX was agreed for unicast as shown in Figure 1, where UE1 may send its sidelink DRX configuration to UE2 either for transmission (i.e. Tx-centric) or for reception (i.e. Rx-centric and UE2 may send its sidelink DRX configuration to UE1 either for transmission (i.e. Tx-centric) or for reception (i.e. Rx-centric).



Figure 1. Directional Sidelink DRX for Unicast

If UE1 or UE2 decides its sidelink DRX based on the same service that UE1 and UE2 communicate with each other via a unicast on PC5, UE1 and UE2 may configure the sidelink DRX with the parameters based on same QoS requirement pre-configured for the service if out of the network’s coverage, or UE1 and UE2 may be configured by each scheduling gNB with the same sidelink DRX based on QoS requirement of the service indicated by UE1 or UE2 if under the network’s coverage. In this case, the sidelink DRX configurations for both directions may be the same, as shown in Figure 2, where the directional sidelink DRXs may be not overlapped, partial overlapped or fully overlapped consistently.




Figure 2. Same Sidelink DRX Configurations for both Directions
Observation 1: Directional sidelink DRXs may be configured the same for both directions based on a service, which may allow certain alignment between on durations of both directions.

UE1 and UE2 decides its sidelink DRX based on current sidelink DRX configurations of its PC5 connections with different UEs in addition to the service that UE1 and UE2 communicate with each other via the unicast on PC5, UE1 and UE2 may configure the sidelink DRX with different parameters. In this case, the sidelink DRX configurations for both directions may be different, as shown in Figure 3, where the directional sidelink DRXs may be overlapped, partial overlapped or fully overlapped at different occasions.




Figure 3. Different Sidelink DRX Configurations for both Directions

Observation 2: Directional sidelink DRXs may be configured differently for both directions based on the PC5 connections that each UE has established, which may not allow certain alignment between on durations of both directions.

As shown in Figure 4, since directional sidelink DRX allows only one directional traffic during a on duration time, therefore each UE has to wake up twice for two-way communications with a delay between two on durations. With same non-overlapped sidelink DRX configurations as illustrated in Figure 4(a), if the delay is reduced for one direction, the delay for the other direction may increase. Therefore, the latency optimization is also directional. With the same fully overlapped sidelink DRX configurations as illustrated in Figure 4(b), UEs may communicate to each other on both directions, and thus the delay is eliminated as well as the second wake-up.
With different sidelink configurations, the timing relationship between two on durations for both directions may vary for each sidelink DRX cycle, and the delay between two directional communications may vary according. 




Figure 4. Delay between Two-way Communications with Directional Sidelink DRX

Observation 3: Directional DRX for unicast may cause a UE to wake up twice for two-way communications with a delay between two on durations. 
Observation 4: With same sidelink DRX configuration for both directions, latency optimization for directional DRX is directional also, i.e. one direction gains and the other direction loses. 
Observation 5: With same sidelink DRX configurations for both directions, the on durations of both directions may be overlapped so that a UE may wake up once for two-way communications without delay between.
Observation 6: With different sidelink DRX configurations for both directions, latency between two-way communications may vary for each sidelink DRX cycle.
Proposal 1. If the directional DRXs on a PC5 connection are formed for the same service, the directional DRXs should be configured with same DRX cycle length and on duration which allows the on durations for both directions to be fully overlapped to avoid waking up twice for two separated on durations and the delay between on durations. 
Proposal 2. If the directional DRXs on a PC5 connection are formed differently, how to avoid the delay caused by directional traffic between two on durations needs to be addressed. 
It was agreed, at RAN2 #113e meeting, that HARQ RTT timer is supported for unicast, which may extend a directional sidelink DRX on duration for an Rx UE to respond without waiting to its own sidelink DRX on duration for transmitting the HARQ ACK/NACK response. Similarly, an RTT timer may be introduced for extending a directional sidelink DRX on duration for an Rx UE to switch the communication direction and to be able to respond without waiting for its sidelink DRX’s on duration, e.g., for a timely response such as CSI report, as illustrated in Figure 5. 


Figure 5. RTT Timer for Rx UE’s Response 

Proposal 3. RTT timer may be used for extending the active time for a response which requires short latency. HARQ RTT timer and HARQ retransmission timer may be used as base line design. 

Conclusion
In this contribution, we further discussed design aspects on directional sidelink DRX for unicast and concluded with the following observations and proposals.
Observation 1: Directional sidelink DRXs may be configured the same for both directions based on a service, which may allow certain alignment between on durations of both directions.
Observation 2: Directional sidelink DRXs may be configured differently for both directions based on the PC5 connections that each UE has established, which may not allow certain alignment between on durations of both directions.
Observation 3: Directional DRX for unicast may cause a UE to wake up twice for two-way communications with a delay between two on durations. 
Observation 4: With same sidelink DRX configuration for both directions, latency optimization for directional DRX is directional also, i.e. one direction gains and the other direction loses. 
Observation 5: With same sidelink DRX configurations for both directions, the on durations of both directions may be overlapped so that a UE may wake up once for two-way communications without delay between.
Observation 6: With different sidelink DRX configurations for both directions, latency between two-way communications may vary for each sidelink DRX cycle.
Proposal 1. If the directional DRXs on a PC5 connection are formed for the same service, the directional DRXs should be configured with same DRX cycle length and on duration which allows the on durations for both directions to be fully overlapped to avoid waking up twice for two separated on durations and the delay between on durations. 
Proposal 2. If the directional DRXs on a PC5 connection are formed differently, how to avoid the delay caused by directional traffic between two on durations needs to be addressed. 
Proposal 3. RTT timer may be used for extending the active time for a response which requires short latency. HARQ RTT timer and HARQ retransmission timer may be used as base line design. 
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