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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]. The following agreements related to DRX were made in RAN2 #113-e [2].
Agreements on high-level principles for SL DRX
1: 	For SL unicast (after SL unicast link is established), SL DRX configuration can be configured per a pair of source/destination. FFS whether SL DRX operates per direction or for both directions.
2:	For SL groupcast/broadcast, SL DRX configuration can be configured in common. FFS on granularity of SL DRX configuration.
3:	Short DRX cycle is not introduced for SL unicast, groupcast and broadcast in Rel-17.
4:	For data reception, RAN2 defines the behaviour for monitoring the SCI reception (i.e., PSCCH and 2nd SCI on PSSCH) during the SL active time for SL DRX. For data reception, the UE may skip monitoring of PSCCH and 2nd SCI on PSSCH during inactive time for SL DRX. Sensing aspect is not considered in this agreement.
5a:	At least, On-duration timer and Inactivity timer are supported in SL unicast.
5b: 	HARQ RTT is supported in SL unicast. FFS for the detailed condition when it is supported. FFS whether HARQ RTT is explicitly configured or can be based on SCI. FFS on the need of HARQ retransmission timer.
6a: 	At least, on-duration timer is supported for SL groupcast. FFS for the need and detailed condition when inactivity timer is supported.
6b: 	HARQ RTT is supported in SL groupcast. FFS for the detailed condition when it is supported. FFS whether HARQ RTT is explicitly configured or can be based on SCI. FFS on the need of HARQ retransmission timer.
7: 	At least, on-duration timer is supported for SL broadcast.
8: 	SL DRX Command MAC CE is introduced for SL DRX operation in unicast. FFS on the need of groupcast. FFS on the detailed UE behaviour (including relation to inactivity timer).
9: 	In mode 1, when in RRC_CONNECTED, if DRX is configured, the MAC entity monitors the PDCCH for the MAC entity's SL-RNTI, SLCS-RNTI and SL Semi-Persistent Scheduling V-RNTI in Uu DRX Active Time. MAC entity does not need to monitor the PDCCH for the MAC entity's SL-RNTI, SLCS-RNTI and SL Semi-Persistent Scheduling V-RNTI in Uu DRX in-active Time.




Agreements on SL DRX configurations
1: 	For broadcast/groupcast, for out-of-coverage case, TX-UE/RX-UE obtain DRX configuration from pre-configuration.
2:	For broadcast/groupcast, for in-coverage case, RRC_IDLE/INACTIVE TX-UE/RX-UE obtain DRX configuration from SIB. It is up to network implementation how to coordinate active time between different cells.
3:	For broadcast/groupcast, for in-coverage case, for RRC_CONNECTED TX-UE/RX-UE can obtain DRX configuration from SIB. FFS on whether dedicated-RRC is also used.
4:	For unicast, for OOC scenario, the UE who sends out the DRX configuration decides on the DRX configuration. FFS on whether pre-configuration and/or the assistance information from the peer UE is also taken into account when determining the DRX configuration.
5: 	For unicast, for OOC scenario, adopt per-direction DRX configuration is as baseline. FFS on whether it is TX-centric or Rx-centric, i.e. TX UE or RX UE decides it.

Agreements on granularity of SL DRX operation for groupcast/broadcast
1: 	RAN2 kindly agree that for groupcast and broadcast communication further granularity to multiple sets of DRX configurations (beyond just cast type) is required i.e. more than two DRX Cycle configurations should be supported in specification.
2:	RAN2 will study/discuss how PQI and/or L2 destination ID is used to derive groupcast and broadcast DRX configuration.

Agreements on SL DRX on groupcast/broadcast
1: 	Timer-based SL DRX is also applied to SL groupcast/broadcast.

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 some aspects 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]Regardless of the cast type, RAN2 #113-e agreed on a timer-based approach for SL DRX. In the email discussion [703], different timers have been discussed considering the 3 different cast types and how to handle them on the RX or the TX side.  In general, a unified design for DRX should be considered, irrespective of the cast type.  
In unicast, a UE can have multiple pairs of links established supporting different QoS, services, or traffic patterns. Therefore, configuring the inactivity timer in the case of unicast should be done on a per link basis, i.e., a separate inactivity timer for each pair of source and destination layer 2 ID. 
In the case of groupcast, it seems to be beneficial to always support the inactivity timer. Supporting the inactivity timer will ensure that the QoS of all group members can be met. In addition, the inactivity timer can be used to ensure that transmissions initiated during the ON duration can be successfully performed. Also, there is a risk of misalignment due to lack of synchronization in Uu and SL. In the case of broadcast, the inactivity timer will be useful to avoid the loss of already scheduled transmissions during ON duration. 
Inactivity timer should be supported for both, broadcast and groupcast.
Granularity of SL DRX Configuration
[bookmark: _GoBack]In email discussion [708], RAN2 discussed various options for deriving the DRX configuration. Out of the different options, RAN2 #113-e agreed to discuss how SL can use either of both, PQI or L2 destination ID to derive the DRX configuration for groupcast and broadcast [2]. 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. The PQI levels are limited in number compared to the number of destination IDs possible in broadcast or groupcast. Hence, deriving DRX configuration corresponding to PQI or per grouping of different PQIs will be more desirable.
Furthermore, apart from service types and QoS, geo-location was discussed as an option useful for enabling the common DRX configuration. Geo-location is an important parameter that should be configured for DRX configuration as it can further reduce the power consumption based on the UE’s location. One option for UEs applying geo-location for DRX configuration is to pre-configure the DRX On duration.  For example, if different DRX configurations are associated to the same geo-location, e.g., a zone ID, the number of UEs simultaneously transmitting in the same active time is reduced. This way, reliability could be improved due to less interference.  In case of small zones, this approach is less optimal. For example, if the zone size is 5m x 5m, a UE in that zone may miss the transmission of UEs in neighboring zones even though these UEs 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. Then, this UE is able to monitor its current zone and neighboring zones using the corresponding configured DRX periods. This allows the UE to receive information from, e.g. fast moving UEs, which may be only at a several meters distance from the UE, but in a different zone.  
Additionally, geo-location based setting of DRX configuration approach could also result in saving P-UEs' battery power, for example in locations without interacting with V-UEs. More details can be found in [4].
NR SL DRX should consider geo-location for DRX configuration.  
SL DRX Configuration
In [703] email discussion, it was discussed that for unicast a TX centric (TX UE sends RX UE a DRX configuration) or a RX centric design (RX UE determines the DRX configuration and sends to the TX UE) should apply. 
If the legacy PC5 signaling framework is taken into account, the TX centric design aligns best. Also, a TX UE starts the communication and has knowledge of the incoming traffic pattern. Additionally, a TX UE is aware of the QoS and is also responsible for the resource (re)selection process. In deciding the DRX cycle and offset at least the traffic pattern and QoS play a role. If a RX centric design is considered, it might take into account the different DRX configurations pertaining to different unicast links and choose from this set one DRX configuration. However, this also means that if one of TX UE(s) has a changed QoS requirement leading to a need for different DRX configuration, then all other unicast links might also be affected. Hence, it is reasonable to allow TX UE to decide on the DRX configuration. 
Another aspect under discussion is the use of assistance information, e.g. sent from a RX UE to a TX UE, to exchange further information e.g. DRX configuration. A TX UE is not aware of the power saving requirement of the RX UE. Therefore, the assistance information from a RX UE to TX UE might be beneficial for a RX UE to save power. However, as a first step of the design, RAN2 may first agree on the TX centric approach. Then, as next step, the content of assistance information could be discussed as additional signaling. The assistance information, however, should not be limited to DRX configuration, but could include relevant information to optimize the DRX configuration, e.g. resource availability information or the battery level.
TX centric approach should be taken as a baseline in case of unicast. 
SL and UU DRX alignment 
In RAN2 #113-e meeting it was agreed that on Uu in mode 1 during DRX active time, a UE monitors PDCCH for the MAC entities SL-RNTI, SLCS-RNTI and SL Semi-Persistent Scheduling V-RNTI in Uu DRX Active Time. However, on Uu during DRX inactive time, the UE does not need to monitor the PDCCH for MAC entities SL-RNTI, SLCS-RNTI and SL Semi-Persistent Scheduling V-RNTI.
If the UE monitors during its Uu wake up time the PDCCH for both, SL and Uu, along with PSCCH for the SL 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, can ensure that a power saving UE can receive on both interfaces, but also 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. This implies that SL and Uu ON duration completely overlap and a UE does not expect any traffic neither on Uu nor on SL during the inactive time, as shown in Figure 1.  One way to realize the complete overlap of ON duration, could be that the UE reports its DRX configuration to the network. Next, the gNB informs the UE about the DRX configuration to follow. This in turn results in completely overlapping SL and Uu DRX cycle configuration. 
[image: ]
Figure 1 Full alignment SL and Uu DRX cycle configuration

Another option is to use 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 durations of the DRX cycle, 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 regarding in coverage UEs, it can be further discussed, if partial alignment is sufficient to meet the QoS. 
Selection of the maximum and minimum DRX cycles for the alignment of SL and Uu DRX may cause a high power consumption and an increased latency, respectively.  
[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. 

3. Conclusions
The following proposals have been made in this document:
1. Selection of the maximum and minimum DRX cycles for the alignment of SL and Uu DRX may cause a high power consumption and an increased latency, respectively.  
1. Inactivity timer should be supported for both, broadcast and groupcast.
1. NR SL DRX should consider geo-location for DRX configuration.  
1. TX centric approach should be taken as a baseline in case of unicast. 
1. 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. 
4. [bookmark: _Toc21362209][bookmark: _Toc21362372][bookmark: _Toc21362477][bookmark: _Toc21338841][bookmark: _Toc21338942][bookmark: _Toc21338854][bookmark: _Toc21338955]References
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