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1. Introduction
In RAN2#112e [1], RAN2 has made the following agreements on SL DRX:

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 paper, we discuss several key remaining issues related to SL-DRX configurations.
2. Discussions
2.1 Common Configurations for Sidelink DRX
In NR Uu, C-DRX configuration is UE-specific. For Idle mode DRX in Uu for paging, the wake up time is decided by NAS layer based on UEID.  Such a design is based on the fact that Uu communication happens only between gNB and UE. For SL, such a UE-specific configuration does not work. 
SL communications are UE-to-UE communication. For example, DRX needs to be aligned among UEs OOC and UEs camped under different gNBs. From this perspective, independent per-UE configurations are no longer feasible. Also, if SL DRX configuration depends on each RX UE’s RX address, then each UE will follow multiple different DRX ON/OFF schedule, depending on how many Layer 2 addresses is used by this UE. This will distribute the ON durations in the time domain and undermines the power savings provided by SL-DRX. 

In NR SL communication, the TX UE and RX UE are not always having a direct control plane procedure to communicate, which is different from C-DRX of Uu interface. For SL groupcast and broadcast, the most reasonable way to have a common understanding of the SL DRX configurations is to have common DRX configurations. The SL DRX configurations are common for all the UEs in a cell, or for all the out-of-coverage UEs in the same geographic area. With this, the UE engage with SL groupcast/broadcast can achieve power saving. For SL unicast, even when a SL UE is PC5-conneted with one or more peer UE, it still has to remain reachable to other potential peer UEs. Those potential peer UE does not know the link-specific DRX configuration of the unicast UE. So, it can only assume the UE also follows common DRX configuration to receive PC5-S message such as “Direct Communication Request”. Therefore we think the SL DRX common configuration are always needed.
Given all above considerations, we think it is necessarily to enable a set of candidates SL-DRX configuration options, as “common DRX configurations” for SL UE to follow. Among those candidates, different DRX configurations may have different DRX cycles and ON durations, which provide a variety of choice to balance the latency and power savings. This is how SL-DRX for groupcast and broadcast are configured, as there is no PC5-RRC connections to coordinate the DRX parameters.
Proposal 1
Common SL DRX configurations shall be supported.
Assuming multiple common DRX configurations will be supported based on a variety of QoS requirements or service types,  there needs to be a default common DRX configuration for UEs which are not engaged with any SL cast types traffic. This is the rendezvous point for bootstrap SL communication of any cast type with a power-saving UE. This can be a minimum required onDuration for any UE configured with SL DRX.

Proposal 2
Support a single default SL DRX common configuration.

Although SL DRX triggering can be independent of Uu RRC states (IDLE/INACTIVE/Connected), but Uu Interface can still be used for configuration. For the configuration of SL-DRX, the most important aspect is to enable the awareness of DRX configurations, so that ON/OFF schedule of a DRX cycle is commonly known by the UEs which are communicated via PC5 interfaces. Similarly, this can be done like other SL configurations used in NR V2X.

Proposal 3
Common SL-DRX configuration(s) are provided by NW (SIB or dedicated RRC signaling) or preconfigured.
Then, regarding which common DRX configuration is used by UE, we think this can be determined based on QoS requirements of the traffic, especially packet delay budget. A set of common rules can be used to direct UE to pick the right DRX configuration so that SL UEs engaged in a SL broadcast and groupcast of the same PQI can know the exact DRX configuration to follow.
Proposal 4
Support to use common rule(s) to map a particular PQI or SL service to a candidate common SL-DRX configuration.
Then, regarding the idea to use resource pool configuration to implement the common SL DRX configuration. We have some concerns about this approach. First, as this intends to be only used for SL broadcast and/or groupcast, it will create an obvious fragmentation of the DRX configuration because the same resource pool approach is not applicable to SL unicast DRX configurations. Second, it is unclear whether the resource pool can also be used for SL unicast transmissions/receptions, and then how to appropriately dimension this pool is not easy. Finally, the signaling overhead to configure a SL Pool is much larger than configuring a timer, which only need a single value. Hence, we prefer to always use timer-based approach for SL DRX configurations.

Proposal 5
Timer-based approach is used for SL DRX configuration.

Then, regarding the usage of inactivity timer, we tend to follow Uu logic. In NR Uu, a single inactivity timer is running per MAC entity. For SL DRX, there could be multiple SL DRX configurations for different cast type or different L2 addresses. It will be messy to maintain multiple individual inactivity timers, each per SL DRX configuration. Instead, the UE only need to use single inactivity timer to track ACTIVE time, and the timer can be start or restart by any of the SL communication activity, regardless of which address, or which cast type is involved.

Proposal 6
UE uses a single inactivity timer to track the SL communication activity related to all its addresses and to trigger UE enter SL DRX.
2.2
 Optimize SL DRX configurations for power savings
In NR Uu Rel-15, only one DRX configuration is used per MAC entity. In Rel-16, a secondary DRX configuration is introduced for Carrier Aggregation case for SCell(s) with FR2 support. Hence, Rel-16 NR UE only need to have up to two DRX configurations. For SL DRX, we have UEs engage with SL communication with multiple different cast types, SL communication with multiple different peers, and SL communication with multiple different QoS requirements. All those will make the total number of SL DRX configurations be a value much larger than 2. When a single MAC entity handles so many SL DRX configuration, the sum effect of those SL DRX configurations would diminish the power savings for SL UE. Assume a sidelink UE may have multiple V2X service of different QoS requirements, then the UE has to follow multiple different DRX configurations. As a result, the wake up time of a SL UE will be the superset of all “ON-Duration”s of those DRX configurations, and that will keep UE ON in many different occasions and maintain a very busy duty cycle. As a result, UE may have no or little time to shut off RX chain.    
Proposal 7
RAN2 consider how to reduce/consolidate the total number of configurations per SL MAC entity.
To maximize the power saving, we think it is reasonable to align the starting offset and DRX cycle length to maximize the overlapping of ON durations and reduce the overall power consumptions.
For example, as in Figure 1, DRX cycles can be configured as enumerated choices from  [T, T/2, T/4….] set to enable the overlapping of ON duration, even when ON Duration are of different lengths. For the UE in this example, if just need to follow the [blue, yellow, green, yellow, blue, yellow, green, yellow …] ON Duration respectively in each T/4 cycle to ensure it does not miss any SL traffic of three different QoS flows. 
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Figure 1. Align the onDurations of different DRX configurations

Proposal 8
DRX configurations may be configured to have optimized DRX cycle lengths and aligned starting offset to maximize the overlapping of ON durations.
2.3
RX-Centric vs. Tx-Centric Configurations
There is a question that which UE to decide SL DRX configuration parameters, TX UE or RX UE. We assume this is an issue most relevant to SL unicast communication. Because for SL groupcast/broadcast, common SL DRX configuration and mapping rules will be used to determine which set of SL DRX parameters to be chosen. 

For NR Uu C-DRX, the DRX configurations are provided by the gNB, which can be regarded as a typical Tx Centric design for DRX configuration, as the UE is merely a receiver of UL/DL grants. This is reasonable because gNB (RAN node) is, by default, the master node controlling UE and UE is only supposed to communicate with this single gNB.  
However, for SL communication, there is no master node, and the SL UE will be communicating with multiple peer UEs at the same time. Then, it is no longer reasonable to follow the TX-centric approach. On the contrary, let RX UE determines the SL DRX configuration makes more sense because the RX UE knows what is the most power-saving mechanism for the RX UE. RX UE can convey those information to TX UE and coordinate the TX UE(s) to reach a proper DRX configuration applying to all the connected TX UEs, instead of let RX UE to follow multiple DRX configurations determined by different TX UEs. That will kill the power saving benefits of SL DRX.
Proposal 9
Use RX-centric approach to determine SL DRX parameters for SL unicast DRX configuration.
3. Conclusions

In this paper, we have discussed the remaining SL-DRX issue and have the following proposals:

Proposal 1
Common SL DRX configurations shall be supported.
Proposal 2
Support a single default SL DRX common configuration.
Proposal 3
Common SL-DRX configuration(s) are provided by NW (SIB or dedicated RRC signaling) or preconfigured.
Proposal 4
Support to use common rule(s) to map a particular PQI or SL service to a candidate common SL-DRX configuration.

Proposal 5
Timer-based approach is used for SL DRX configuration.
Proposal 6
UE uses a single inactivity timer to track the SL communication activity related to all its addresses and to trigger UE enter SL DRX.
Proposal 7
RAN2 consider how to reduce/consolidate the total number of configurations per SL MAC entity.
Proposal 8
DRX configurations may be configured to have optimized DRX cycle lengths and aligned starting offset to maximize the overlapping of ON durations.
Proposal 9
Use RX-centric approach to determine SL DRX parameters for SL unicast DRX configuration.
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