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1	Introduction
In the last RAN2#112 [1] meeting the SL DRX configuration has been discussed in the context of the WI SL_enh [2]. The proposal P5 in TDoc R2-2009413 [3] has triggered a controversial discussion whether the SL DRX configuration shall be TX-centric or RX-centric. The opposing comments captured during the discussion [] have shown a split view of the companies on this issue.
This contribution will further discuss the discrepancy TX-centric vs. RX-centric Sidelink DRX in a wider context and show that this separation is misleading and not correct for realistic scenarios.  
2	Discussion
The issue of whether the SL DRX configuration shall be TX-centric or RX-centric has been discussed based on Fig.2 and Fig.3 in R-2009413 [3] on a simple unicast scenario with a single pair of two sidelink UEs. During the discussion of proposal 5 in R2-2009413 [3] in RAN2#112 the controversial opinions from majority of the companies have been led by the assumption that SL DRX configuration must be either way: either TX-centric or RX-centric. 
While sidelink in general is TX-centric and Uu DRX is naturally RX-centric there seems to be a controversy for sidelink DRX. However even for the simple unicast scenario the distinct assignment of TX-UE and RX-UE is not possible (even between two UEs) considering multiple PC5 unicast links where each PC5 link can have multiple service flows (i.e. multiples V2X services) as defined in TS23.287 [4] and shown in Fig.1 
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Figure 1: Example of PC5 Unicast Links shown in TS23.287 [4] Figure 5.2.1.4-1
Observation 1: Between a pair of two sidelink UEs multiple PC5 links can exist. 
Observation 2: Within a single PC5 link multiple PC5 flows can exist.  
Moreover, in NR-SL Rel.16 uni-directional and bi-directional bearers are allowed. Hence the assignment of TX-UE and RX-UE can only be done on a per-bearer basis and not on a per-UE basis. One might argue now instead of TX-UE and RX-UE to assign UE-A and its peer UE-B with the two pseudo-options: 
Pseudo-option 1: UE-A is defining SL DRX configuration and sending it to UE-B. 
Pseudo-option 2: UE-B is defining SL DRX configuration and sending it to UE-A.

However, as the UEs can have multiple additional connections to other sidelink UEs or group of sidelink UEs (i.e. different cast types) the simplistic concept of TX-centric and RX-centric SL DRX is misleading and not applicable in realistic sidelink scenarios incorporating DRX. In addition, the sidelink UEs might belong to different PLMNs where each of the networks the UEs are attached to might have different Uu DRX configurations.
Observation 3: The terminology TX-centric and RX-centric is not applicable in the context of sidelink DRX with multiple flows per PC5 unicast link and multiple PC5 connections per UE.
Proposal 1: RAN2 to differentiate between scenarios where the initiating or receiving UE is the source of the DRX configuration.
For the simple sidelink unicast pair with only one UE in RRC_CONNECTED and the other sidelink UE in out-of-coverage (such as in Fig.3 of R2-2009413 [3]), it apparently is possible that the UE in RRC_CONNECTED coordinates the SL DRX configuration in a way that both Uu DRX and SL DRX configuration are aligned and can satisfy the service requirement. In principle if the Uu and SL are on different carriers (i.e. sidelink is on dedicated carrier in 5.9GHz band) there is no necessity to align the Uu DRX and SL DRX configuration. However, from power saving perspective it is beneficial to align Uu DRX and SL DRX configurations even in the case that SL in on a dedicated carrier. Concerning the alignment between SL-DRX and Uu-DRX the contributions (P8) R2-2008772 [5] and (P1) R2-2008988 [6] proposed that the network should control the sidelink DRX configuration at least for the UE in RRC_CONNECTED, however this would necessitate the signaling of UE assitance information (or any other kind of message) to transfer the desrired SL DRX paramters to the network. Instead we argue that it should be up to UE in RRC CONNECTED to align the SL DRX configuration and send the SL DRX to its peer UE in out-of-coverage.
Proposal 2: For at least the RRC_CONNECTED-to-OOC unicast scenario, the UE in RRC_CONNECTED should assist in aligning the SL DRX and Uu DRX irrespectively of being the Tx UE or Rx UE. 
Proposal 3: For at least the RRC_CONNECTED-to-OOC unicast scenario, the UE in RRC_CONNECTED should assist its peer sidelink UE in out-of-coverage via PC5-RRC on the SL DRX configuration.  
Obviously, the common consensus is that SL DRX alignment between the pair of unicast UEs is a necessity, otherwise SL DRX would lead to ad absurdum, e.g. if a sidelink UE transmits in SL DRX On Duration while its peer UE is in SL DRX sleep or vice versa; the sidelink UE is monitoring PSCCH/PSCCH while the potential transmitter UE is in SL DRX_off period. 
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Figure 2: Example of PC5 unicast scenario with different Uu carriers
Let us consider Fig.2, where UE-A and UE-B are attached to different networks and let’s furthermore assume that both networks have different Uu-DRX configurations. Both UEs have two PC5 unicast connections comprising a total of 4 flows. Furthermore, let’s assume that each of the 4 PC5-flows require different PC5-DRX configuration due to different QoS requirements of the respective flows. The interesting question is: What is the most appropriate PC5-DRX setting for UE-A and UE-B (again assuming that their corresponding Uu-DRX configurations are different and the PC5-flows have different traffic periodicities)?
From the scenario above it is seen that wrt. to the SL DRX configuration there might be a misalignment of the two Uu DRX cycles in the sense that:
Option a) The Uu DRX cycle A and Uu DRX cycle B are unsynchronized (i.e. while UE-A has its Uu DRX active period, the UE-B is in sleep and vice versa)
Option b) The Uu DRX-cycle of UE-A can not meet the SL QoS requirements (i.e. SL has more stringent requirements compared to UE-A Uu requirements)
Option c) The Uu DRX-cycle of UE-B can not meet the SL QoS requirements (i.e. SL has more stringent requirements compared to UE-B Uu requirements)   
Observation 4: For sidelink unicast scenario with two UEs attached to different carriers (i.e. dedicated sidelink carrier with sidelink cross-carrier scheduling) the two Uu DRX configurations might be misaligned.  
Observation 5: The Uu DRX configuration (serving as baseline for SL DRX configuration) might not satisfy the SL service requirements (i.e. UE needs larger active periods in order to fulfil the SL QoS requirements). 
Observation 6: The Uu DRX configuration (serving as baseline for SL DRX configuration) might force to SL UE to stay longer in active mode than necessary wrt to the SL QoS requirements, thus the SL DRX configuration does not fully utilize all possible power saving for SL communication. 
As the SL DRX configuration in unicast should be UE-specific (i.e. SL DRX configuration per UE) there is the problem that QoS requirements for SL are flow-specific. For fulfilling the SL QoS requirements, the particular SL flow with the most stringent QoS requirement (=least power saving) dictates the minimum SL DRX active period – of course not giving the best power saving. Based on the observations 2-4 above a trade-off between fulfilling the QoS requirements for SL flows and the maximum achievable power saving is needed. 
Proposal 4: RAN2 to discuss based on the unicast scenario above (Fig.2) the SL-DRX configuration for the sidelink UEs (assuming that their corresponding Uu-DRX configurations are different and the PC5-flows have different traffic periodicities)?
Proposal 5: The SL DRX configuration for the unicast scenario in Fig.2 needs to adapt to the QoS flow with the most demanding QoS requirements in order to satisfy this SL service.
So far, we have only discussed SL DRX for unicast. How do design SL DRX for groupcast and broadcast needs to be further discussed in RAN2. As there is no PC5-RRC the DRX configuration in groupcast and broadcast neither the coordination among different UEs nor the SL DRX configuration is possible using the principle of NR SL Rel.16. Some companies prefer to have a minimal specification impact approach by introducing SL-DRX with dedicated resource pools (e.g. P2 in [5]). While mimicking DRX behaviour in groupcast (broadcast) with different resource pools (with varying time periodicities) reduces the RAN specification work, this is rather inflexible to adapt to the various sidelink traffic requirement and furthermore it wastes sidelink resources. Other companies propose to have a preconfigured/default (also referred as common) SL DRX that is applicable for groupcast (and broadcast). While the preconfigured SL DRX configuration (for groupcast and broadcast) can be a starting point with low specification impact, it should be noted that preconfigured SL DRX configuration is also inflexible as different groupcast/broadcast services require different SL DRX configurations.
Proposal 6: RAN2 to discuss optimization of SL DRX solutions for groupcast (and broadcast) that overcome the drawbacks of statically assigned SL resource pools or preconfigured SL DRX configurations. 
3	Conclusion
Observation 1: Between a pair of two sidelink UEs multiple PC5 links can exist. 
Observation 2: Within a single PC5 link multiple PC5 flows can exist.  
Observation 3: The terminology TX-centric and RX-centric is not applicable in the context of sidelink DRX with multiple flows per PC5 unicast link and multiple PC5 connections per UE.
Proposal 1: RAN2 to differentiate between scenarios where the initiating or receiving UE is the source of the DRX configuration.
Proposal 2: For at least the RRC_CONNECTED-to-OOC unicast scenario, the UE in RRC_CONNECTED should assist in aligning the SL DRX and Uu DRX irrespectively of being the Tx UE or Rx UE. 
Proposal 3: For at least the RRC_CONNECTED-to-OOC unicast scenario, the UE in RRC_CONNECTED should assist its peer sidelink UE in out-of-coverage via PC5-RRC on the SL DRX configuration.
Observation 4: For sidelink unicast scenario with two UEs attached to different carriers (i.e. dedicated sidelink carrier with sidelink cross-carrier scheduling) the two Uu DRX configurations might be misaligned.  
Observation 5: The Uu DRX configuration (serving as baseline for SL DRX configuration) might not satisfy the SL service requirements (i.e. UE needs larger active periods in order to fulfil the SL QoS requirements). 
Observation 6: The Uu DRX configuration (serving as baseline for SL DRX configuration) might force to SL UE to stay longer in active mode than necessary wrt to the SL QoS requirements, thus the SL DRX configuration does not fully utilize all possible power saving for SL communication.
Proposal 4: RAN2 to discuss based on the unicast scenario above (Fig.2) the SL-DRX configuration for the sidelink UEs (assuming that their corresponding Uu-DRX configurations are different and the PC5-flows have different traffic periodicities)?
Proposal 5: The SL DRX configuration for the unicast scenario in Fig.2 needs to adapt to the QoS flow with the most demanding QoS requirements in order to satisfy this SL service.
Proposal 6: RAN2 to discuss optimization of SL DRX solutions for groupcast (and broadcast) that overcome the drawbacks of statically assigned SL resource pools or preconfigured SL DRX configurations. 
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