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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

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 [2]. 
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 presents our initial views on introduction of DRX on the SL.

2. Discussion
[bookmark: _Toc43290706][bookmark: _Toc43290707][bookmark: _Toc43290708][bookmark: _Toc43290709]Until Rel-17, 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 the power saving UE will only monitor the necessary resources during a defined period.
On- and Off-Duration
In NR on the Uu, the network provides the configuration of DRX cycle and its parameters to the UEs. This commands the UEs to transit 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 respective parameters for a sidelink supporting UE. The gNB can configure the DRX parameters indicating the UE 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 to the activity level of the UE. Also, the gNB can dictate the UE how long it should keep the current DRX cycle and when to apply the next cycle, i.e. timers to control the different durations.  
The NR DRX framework is well defined and can provide a baseline for NR SL. 
NR SL DRX should consider defining at least the following set of configuration parameters: on duration timer, inactivity timer, retransmission timer, short DRX cycle duration, long DRX cycle duration.
In case of Mode 1, the network should provide the DRX parameters to the SL UE.
In NR, MAC CEs are used by the gNB to transfer a DRX configuration e.g. short or long DRX cycles, to a UE. When the UEs are in RRC connected state, then MAC entity may monitor the PDCCH depending on the configured DRX cycle period. A similar approach can be followed by UEs in Mode 1.
In case of Mode 2 UEs, as there is no central entity involved, the DRX configuration can be conveyed to the UEs using the PC5- signalling protocol (PC5-RRC). Another option would be that the DRX configuration is provided by either system information or pre-configured.
In case of Mode 2, the DRX configuration could be provided to the UE via PC5-RRC, system information or pre-configuration. 
As NR SL V2X supports diverse use cases with most different QoS requirements, it can be beneficial to introduce different DRX cycle lengths. 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 a low QoS demanding services the UE can fall asleep 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 DRX configurations. In case of Mode 1, the gNB can choose based on the traffic model being supported and configure the UE accordingly. Summarized, DRX configurations could be adapted considering additional criteria, such as QoS and traffic type. This configuration can be conveyed via RRC including PC5- RRC signalling.  
[bookmark: _Toc465844068][bookmark: _Toc462061527][bookmark: _Toc462865402]RAN2 should consider adapting DRX configurations based on additional criteria, such as QoS or traffic type.

DRX Alignment between Communicating UEs
The major difference of DRX on the sidelink for UEs in Mode 2 is that there is no central entity to align the DRX cycles for communicating UEs. Therefore, for UEs in Mode 2 it is required to synchronize their DRX cycles. A  UE should be able to switch between sleep and awake mode depending on the QoS, e.g. the required reliability of the supported use case. In order to make sure that the UEs do not miss any information from the UEs in proximity, while saving energy, it is necessary that UEs with different DRX cycles are aligned. This is valid for UEs in either broadcast, unicast or groupcast communication. 
[bookmark: _Toc53746308][bookmark: _Toc53583400][bookmark: _Toc53144185][bookmark: _Toc53046670][bookmark: _Toc52182924]A DRX alignment mechanism among UEs is needed to adapt on/off duration to optimize power consumption while maintaining QoS.
In case of unicast, dedicated configuration can be used to exchange the DRX configuration between the initiating UE and target UE during the link establishment procedure.  This principle can be applied also in case of groupcast assuming there is a group leader UE who is acting as an initiating UE. This group leader UE can instruct other UEs, who are part of the group, to follow a DRX configuration through some assistance information. In case of dynamic groupcast (i.e. without a group leader) and broadcast, it is difficult to ensure that the involved UEs will wake up or go to sleep at the same time. Hence, one possibility could be to provide a DRX configuration via pre-configuration, e.g. based on the UE location.  Another way could be to use physical layer signalling to exchange DRX configuration.
[bookmark: _Toc53746000][bookmark: _Toc53746081]RAN2 to consider how to exchange the DRX configuration between communicating UEs for the different cast types considering the different sources, e.g. group leader in case of groupcast. 

DRX Alignment of SL and Uu Wake-Up Time
In order to enable in coverage UEs to receive on the Uu and sidelink, the DRX cycle including ON duration on the Uu and sidelink need to be aligned.  This alignment between the sidelink and Uu DRX wake-up time, e.g. by synchronizing SL on-time with DL on-time, ensures that a power saving UE can received on both interfaces, but also to save more battery, as Uu and SL remain in sleep mode simultaneously for extended periods. This DRX alignment can be a full parameter alignment, i.e. Uu and SL use the same DRX configuration. Another option is a partial DRX parameter alignment e.g. only DRX ON duration or long DRX cycles are aligned. A long DRX cycle duration depends on the packet delay budget of the application. If the services currently supported by Uu and SL require different long DRX cycle durations, selecting the minimum cycle length will result in higher power consumption. On the other hand, using the maximum cycle duration, will result in increased latency. Therefore, a partial DRX parameter alignment can be a preferable way to achieve the required power saving by selecting the appropriate DRX parameters. The level of partial alignment can be left to the gNB implementation in case of Mode 1. Regarding Mode 2 in coverage UEs, it can be further discussed, if this partial alignment is sufficient to meet the QoS. 
[bookmark: _Toc53345247]For Mode 1, RAN2 to consider full and partial DRX alignment with respect to sidelink and Uu DRX wake-up time based on gNB implementation. 

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. [bookmark: _GoBack]Conclusions
The following observations and proposals have been made in this document:
Observation 1:	The NR DRX framework is well defined and can provide a baseline for NR SL.
Observation 2:	A DRX alignment mechanism among UEs is needed to adapt on/off duration to optimize power consumption while maintaining QoS.

Proposal 1:	NR SL DRX should consider defining at least the following set of configuration parameters: on duration timer, inactivity timer, retransmission timer, short DRX cycle duration, long DRX cycle duration.
Proposal 2:	In case of Mode 1, the network should provide the DRX parameters to the SL UE.
Proposal 3:	In case of Mode 2, the DRX configuration could be provided to the UE via PC5-RRC, system information or pre-configuration.
Proposal 4:	RAN2 should consider adapting DRX configurations based on additional criteria, such as QoS or traffic type.
Proposal 5:	RAN2 to consider how to exchange the DRX configuration between communicating UEs for the different cast types considering the different sources, e.g. group leader in case of groupcast.
Proposal 6:	For Mode 1, RAN2 to consider full and partial DRX alignment with respect to sidelink and Uu DRX wake-up time based on gNB implementation.
Proposal 7:	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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