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1. Introduction
A new scope with the focus on enhancing the sidelink for power saving has been introduced in terms of DRX [1] 
3. Sidelink DRX for broadcast, groupcast, and unicast [RAN2]
· Define on- and off-durations in sidelink and specify the corresponding UE procedure
· Specify mechanism aiming to align sidelink DRX wake-up time among the UEs communicating with each other
· Specify mechanism aiming to align sidelink DRX wake-up time with Uu DRX wake-up time in an in-coverage UE


The following agreements were made in RAN2 #112e [2].
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 Rel-16, DRX mechanisms are supported in order to achieve power saving in both, LTE and NR on the Uu.  In case of NR, RRC connected UEs monitor PDCCH during ON duration. If the UEs do not receive PDCCH during that period, they can sleep during the remaining DRX cycle. If the UEs receive a PDCCH and successfully decode it, the inactivity timer (re)starts and they can sleep during the remaining DRX cycle from the moment whichever ends later [3]. 
For V2X applications on the sidelink until Rel-16, any UE category is considered to be always on.  DRX on the sidelink will allow power saving UEs to save battery as the UE can receive and decode transmissions only during the DRX ON duration, while in coverage, out of coverage as well as partial coverage scenario. DRX in Rel-17 is required for certain V2X use cases, e.g., for P-UEs in public safety, where power consumption of the UEs needs to be minimized. For SL DRX, to work efficiently, major challenges are to align the DRX configuration between Uu and SL in case of Mode 1 as well as amongst UEs in case of out of coverage. The following contribution discusses the general principle of DRX on the SL.
2. Discussion
[bookmark: _Toc43290706][bookmark: _Toc43290707][bookmark: _Toc43290708][bookmark: _Toc43290709]Until Rel-16, a sidelink UE always monitors all configured reception resource pools. This impacts especially the power consumption of power saving UEs causing the risk that P-UEs may run out of battery and thus, no longer be able to transmit and receive safety critical V2X notifications. In order to reduce the power consumption over PC5, an efficient approach is to apply DRX mechanism to PC5, so that power saving UEs will only monitor the necessary resources during defined periods.
[bookmark: _Toc53746000][bookmark: _Toc53746081]UE Common DRX Configuration 
On the NR-Uu, the network provides the configuration of DRX cycle and its parameters to UEs. This commands the UEs to switch between different DRX cycles and reconfigures the UEs in different RRC states. Similarly, in case of sidelink, when the UEs are in coverage, the network can (re-)configure the DRX cycles and the respective parameters for a sidelink supporting UE. The gNB can configure the DRX parameters indicating the UE, e.g. when to use a short DRX cycle and when to switch to a long DRX cycle. The reason for two different cycle lengths is to adapt the cycle length to the activity level of the UE. For example, in case of aperiodic traffic, to meet the latency, it might be beneficial if the UE could switch to a short DRX cycle. Also, in Mode 1 the gNB can dictate the UE how long it should keep the current DRX cycle and when to apply the next cycle, i.e., applying timers to control the different durations. For the case of broadcast and groupcast, a long DRX cycle can be taken as the baseline. 
NR SL DRX should also consider short DRX cycle duration for unicast. 
Regardless of the cast type, it might be beneficial to accommodate multiple DRX cycles based on some parameters such as QoS, service type or traffic type. A common set of SL DRX configuration can be deemed beneficial for power saving UEs when multiple UEs are involved. Additionally, this resolves the coordination of different DRX configuration amongst the multiple UEs. For example, in case of broadcast, it is favourable that UEs have a common understanding of the DRX configuration they need to follow in order to reach the intended UEs. This is also true for groupcast UEs. 
One additional aspect that can be adapted for groupcast is configuring a common set of DRX configurations, where common does not mean only one configuration for groupcast in general, but permits each group to select an appropriate DRX configuration from the common set. This is especially beneficial for UEs operating in Mode 2. A UE common SL DRX configuration is not essentially needed for unicast as the connection is peer to peer and the UEs can negotiate the DRX configuration parameters involved. If a unified solution is to be aimed for all the cast types, then UEs which are to establish a unicast link can start with a common set of DRX configuration. Once the link is established, they can negotiate their DRX configuration mutually. 
UE Common DRX Configuration can also be configured on a per group basis for groupcast. 
There can be multiple options as discussed in the email discussion [POST112-e][702] regarding the configuration of the UE common SL DRX configuration. As NR SL V2X supports diverse use cases with different QoS requirements, it can be beneficial to configure this common SL DRX configuration based on QoS class (per PQI or per set of PQIs) and the service types. For example, for high QoS supporting services, where latency is critical, the UE will need to wake up frequently to meet the latency requirements. On the other hand, for services demanding a low QoS the UE can go to sleep quickly as it does not need to monitor until the next packet arrives. Additionally, the UE also has to support different traffic models for both, periodic and aperiodic traffic. Hence, for an optimized DRX behaviour, the UE will require different common DRX configurations. Furthermore, apart from service types and QoS, geo-location e.g., zone ID could also be used for enabling the common DRX configuration. If different DRX configurations are associated to a zone ID, the number of UEs simultaneously transmitting in the same active time is reduced. This idea is problematic if the zones are small. For example, if the zone is 5m x 5m, a UE in that zone misses the transmission from neighboring zones even though these areas are close by. However, this issue can be solved in the following way. If a UE knows the neighboring zone IDs and the zone size, it will be able to determine which zones are nearby and monitor using configured DRX periods corresponding to its current zone and neighboring zones. This allows the UE to receive information from fast moving UEs, which may be only at a several meters distance from the UE but at a different zone. The cost is that the UE has to monitor multiple configured DRX periods, which could lead to decrease in the battery level. 
NR SL DRX should have a common set of DRX configurations to choose from based on parameters such as cast type, service type, QoS. Additional parameters such as geo-location or traffic type could also be considered for choosing the common set of DRX configurations.  

UE specific DRX Configuration
Apart from UE common DRX configuration, it is also necessary to consider UE specific DRX configurations, especially for unicast.  For example, DRX configuration for UEs in unicast communication could be based on factors such as traffic type, QoS, or service type. In case of groupcast, the UE specific DRX configuration could be on a per group basis. At least for the unicast pair, the UE specific DRX configuration can be configured based on the source UE.  Additionally, the DRX configuration for any cast type should at least consider QoS.
UE specific DRX configuration should at least be considered for unicast.  

Wake-Up and Go-To-Sleep schemes
Another approach to save UE power on the SL would be to introduce a mechanism to alter the power-saving UE state from wake-up to sleep mode and vice versa. For example, a transmitter UE sends an indication before data transmission. The receiver UE then receives the indication and wakes up to retrieve the transmitted data. This way, the packet reception can be ensured at the receiver side, while power consumption is minimized.
Alternatively, in the case where the receiver UE is in DRX ON duration, the transmitter UE can send a go-to-sleep indication to enforce the receiver UE to go to sleep mode when it is not ready to transmit the data. This mechanism aids energy saving at the receiver UE.
RAN2 to discuss the introduction of wake-up and go-to-sleep schemes on the SL for enhanced UE power saving. 
3. Conclusions
The following proposals have been made in this document:
1. NR SL DRX should also consider short DRX cycle duration for unicast. 
1. UE Common DRX Configuration can also be configured on a per group basis for groupcast. 
1. NR SL DRX should have a common set of DRX configurations to choose from based on parameters such as cast type, service type, QoS. Additional parameters such as geo-location or traffic type could also be considered for choosing the common set of DRX configurations.  
1. UE specific DRX configuration should at least be considered for unicast.  
1. RAN2 to discuss the introduction of wake-up and go-to-sleep schemes on the SL for enhanced UE power saving. 
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