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1 [bookmark: OLE_LINK20][bookmark: OLE_LINK21][bookmark: OLE_LINK175][bookmark: OLE_LINK176]Introduction
As per the latest revised WID revision [1], sidelink DRX should be supported for SL broadcast and groupcast, as shown below:
	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


Due to the difference in nature between SL unicast and SL broadcast/groupcast, the DRX design towards SL broadcast/groupcast may also hold some potential differences compared with that of SL unicast. In this contribution, therefore, we will focus on the sidelink DRX design specific for broadcast/groupcast, and provide corresponding observations and proposals.
2 SL DRX mechanism for groupcast and broadcast
Regarding DRX for SL broadcast/groupcast, we should first discuss the basic modelling that fit the nature of SL groupcast and broadcast, specifically whether to use Uu like DRX mechanism (i.e. timer based solution) or not.
On the one hand, compared to SL unicast, PC5 RRC connection and the corresponding configurations thereon are not supported for broadcast/groupcast in R16 NR SL. This typically means that it is impossible for the transmitters and receivers in SL broadcast/groupcast to align the DRX configurations and status in sidelink directly. This is shown in Figure 1 below.
Observation 1: SL DRX configuration coordination among UEs via groupcast/broadcast signaling cannot be directly supported by Rel-16 NR SL communication.
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Figure 1: Impossible of DRX coordination for SL groupcast/broadcast based on Rel-16 NR SL
On the other hand, the fundamental for DRX design is to ensure that the transmitter(s) and the receiver(s) are aligned with each other on when the receiver(s) are awake and when sleeping. In order for the broadcast/groupcast message to be received by all UEs as the participators, the DRX pattern (on- and off- state) needs to be aligned among all UE. Therefore, a key issue that needs to be first addressed for DRX used for SL broadcast/groupcast is how to ensure such inter-UE alignment on DRX status, in the case of no direct configuration/status information exchange via sidelink. 
As for this issue, due to the nature of SL broadcast and groupcast, a UE is not able to get aware of the UEs that are in proximity and interested to receive a broadcast service, or the UEs already joint the sane group and thus ready for the groupcast reception. Therefore, it is difficult to apply those dynamically-maintained DRX timers (e.g. RetransmissionTimer, InactivityTimer) for broadcast/groupcast, as they may lead to the misalignment on the DRX pattern among the UEs and further result in reception missing. For example, for an on-going broadcast transmission of a UE, there might be another UE, as a new comer, enters proximity of the transmitting UEs and start the reception, whereas the reception from other UEs have already been finished or conducted for a while; in such a case, the UE as the new comer is likely to hold a different RetransmissionTimer/InactiveTimer status than the other nearby UEs having received the same transmission. A similar example holds for SL groupcast, where a UE joins the group as a new member and just started a groupcast reception, which however have actually been started and have been conducted/finished by other group members for a while. 
Observation 2: Dynamically-maintained timers (e.g. RetransmissionTimer, InactivityTimer) are not suitable for SL groupcast and broadcast, which may lead to DRX pattern/status misaligned among UEs.
Therefore, we may consider to use some basic DRX pattern(s) (e.g. like those periodical DRX cycles in Uu) which are aware and aligned among all UEs participating in the SL broadcast and groupcast. To achieve this, we may consider to support some forms of DRX configuration(s) in some other granularities, e.g. in a per resource pool manner, which can be then aligned among all the UEs using the pool(s) for transmission and reception. One possible way is to define , dedicated resource pattern(s) which can be notified from the network to all the Tx/Rx UEs (e.g. via RRC dedicated signaling/SIB from gNB, or pre-configured for OOC) on top of each resource pool, and the UE carrying out DRX will only receive on the dedicated resource pattern(s) in the pool. The Figure below illustrates this way where dedicated resource pattern(s) (e.g. TDM pattern in R16 resource pools) can be used to support SL broadcast/groupcast DRX, and the UEs which are in SL broadcast/groupcast DRX status should transmit or receive only via these dedicated resources indicated in the pattern. As another option, we may introduce the per-pool onDurationTimer(s), specific for SL broadcast & groupcast, and by using the equation to calculate the starting point of each DRX cycle, a periodic DRX cycle applicable to all UEs performs SL broadcast/groupcast in this SL resource pool can have aligned DRX status. 
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Figure 2: Illustration of dedicated resources for SL groupcast and broadcast
As for the above two options, we currently do not have a strong preference, and would like to invite RAN2 to have a discussion and make a decision. Also, we propose, based on Observation 2, that at least the RetransmissionTimer-like and InactivityTimer-like DRX timers as in Uu DRX are not introduced for SL DRX in broadcast and groupcast, even if RAN2 agrees to use the timer based way..
Proposal 1: RAN2 to decide how to design SL DRX for groupcast and broadcast by taking into account the following two options:
· Option 1 (pattern based solution): configure per-pool resource pattern(s) where the UEs perform SL broadcast/groupcast reception.
· Option 2 (timer based solution): configure per-pool OndurationTimer(s) which define a periodic DRX cycle(s) for the UEs to perform SL broadcast/groupcast reception.
Proposal 2: RAN2 agrees to not apply RetranmissionTimer-like or InactivityTimer-like timers for SL broadcast/groupcast DRX design.
Another thing that is worth discussing under the SL broadcast/groupcast DRX design is how to handle the DCR (direct communicating request) message which is carried out before a unicast PC5 RRC connection is established. Some companies in the last meeting proposed to introduce a specific solution for such DCR message transmission. However, from our perspective, there is completely no need of doing so.  The DCR message can be sent via broadcast or unicast manner [2]. Nevertheless, since the DCR message is the first message before the establishment of a PC5 RRC connection, it is in nature transferred in the AS via a broadcast way, even in the case where it uses the targeted UE’s ID, because a UE has no perception on whether/when there will be a DCR message received from any other nearby UE(s) seeking for PC5 RRC connection establishment with it to start SL unicast communication. Also, the DCR message is transmitted before the establishment of a PC5 RRC connection, thus impossibly using the dedicated SL configurations exchanged by PC5 RRC message as SL unicast data transmissions. As the sidelink DRX configuration is coordinated via PC5-RRC signaling for unicast after the corresponding PC5 RRC connection is already there, the DCR message can only be sent out before sidelink DRX coordination. 
To this end, a direct solution is to categorize DRX handling for DCR message into the DRX design for SL broadcast. That is, we use the SL broadcast DRX to also treat DCR transmission and reception, and on top of this, RAN2 can further discuss whether any DCR-specific issues need to be additionally addressed. 
Proposal 3: Apply SL broadcast DRX mechanism for DCR message transfer. FFS whether any additional DCR-specific issue needs to be addressed under the SL broadcast DRX framework.
There are also some other PC5-S messages (SMC, DCA, etc.) that are transmitted between the two UEs for unicast connection establishment, as shown in the below figure. On the one hand, different from DCR message, they are transferred when a UE has already perceived the possibility for other nearby UE(s) to establish a PC5 RRC connection with it (after sending/receiving DCR to/from others), and must be transmitted using the unicast DST ID(s) associated with the target UE(s). On the other hand, they are still transmitted before the dedicated RRC configuration (incl. DRX configuration) via PC5 RRC signaling is possible. Therefore, how to design the DRX for such PC5-S signaling transfer can be further investigated by RAN2, after Proposal 3 is concluded.
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Figure 3: Illustration of unicast connection establishment
Proposal 4: FFS how to design the SL DRX for the transfer of other PC5-S messages than DCR message (e.g. SMC, DCA, etc.).
3 Conclusion
[bookmark: OLE_LINK6]This contribution further discuss sidelink DRX for groupcast/broadcast. The observations and proposals are as follows:
Observation 1: SL DRX configuration coordination among UEs via groupcast/broadcast signaling cannot be directly supported by Rel-16 NR SL communication.
Observation 2: Dynamically-maintained timers (e.g. RetransmissionTimer, InactivityTimer) are not suitable for SL groupcast and broadcast, which may lead to DRX pattern/status misaligned among UEs.
Proposal 1: RAN2 to decide how to design SL DRX for groupcast and broadcast by taking into account the following two options:
· Option 1 (pattern based solution): configure per-pool resource pattern(s) where the UEs perform SL broadcast/groupcast reception.
· Option 2 (timer based solution): configure per-pool OndurationTimer(s) which define a periodic DRX cycle(s) for the UEs to perform SL broadcast/groupcast reception.
Proposal 2: RAN2 agrees to not apply RetranmissionTimer-like or InactivityTimer-like timers for SL broadcast/groupcast DRX design.
Proposal 3: Apply SL broadcast DRX mechanism for DCR message transfer. FFS whether any additional DCR-specific issue needs to be addressed under the SL broadcast DRX framework.
Proposal 4: FFS how to design the SL DRX for the transfer of other PC5-S messages than DCR message (e.g. SMC, DCA, etc.).
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