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Introduction
In RANP#86, a Rel-17 WID on NR sidelink enhancement has been approved [1]. One of the key aspects to be studied in this WID is sidelink DRX for all cast types 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


In this contribution, we will discuss some basic aspects related to sidelink DRX and provide corresponding observations and proposals.
Discussion
1.1. Sidelink DRX for unicast
2.1.1. SL DRX configuration
In Uu communication, considering the UE is not always performing information exchange with the network, it is expected keeping monitoring PDCCH is not necessary and results in much power waste in the UE due to blind detection of PDCCH. To reduce UE power saving when ensuring effective transmission, DRX (Discontinuous Reception) is introduced to control the UE behaviors of monitoring PDCCH based on both periodic and event-triggered mechanisms. The basic Uu DRX procedures are depicted as shown in Figure 1.
[image: ]
Figure 1: Basic Uu DRX procedures
RRC controls DRX operation by configuring the following parameters [2]:
-	drx-onDurationTimer: the duration at the beginning of a DRX Cycle;
-	drx-SlotOffset: the delay before starting the drx-onDurationTimer;
-	drx-InactivityTimer: the duration after the PDCCH occasion in which a PDCCH indicates a new UL or DL transmission for the MAC entity;
-	drx-RetransmissionTimerDL (per DL HARQ process): the maximum duration until a DL retransmission is received;
-	drx-RetransmissionTimerUL (per UL HARQ process): the maximum duration until a grant for UL retransmission is received;
-	drx-HARQ-RTT-TimerDL (per DL HARQ process): the minimum duration before a DL assignment for HARQ retransmission is expected by the MAC entity;
-	drx-HARQ-RTT-TimerUL (per UL HARQ process): the minimum duration before a UL HARQ retransmission grant is expected by the MAC entity.
-	drx-LongCycleStartOffset: the Long DRX cycle and drx-StartOffset which defines the subframe where the Long and Short DRX Cycle starts;
-	drx-ShortCycle (optional): the Short DRX cycle;
-	drx-ShortCycleTimer (optional): the duration the UE shall follow the Short DRX cycle;
In SL communication, the 1st SCI also relies on blind detection, so for the purpose of Rx UE’s power saving, SL DRX can be defined as controlling the UE behavior of monitoring PSCCH. In addition, the basic Uu DRX procedures as well as some parameters can be regarded as the baseline for SL DRX. 
To be more specific, in SL DRX, drx-onDurationTimer can be reused to make the SL UE to wake up at least periodically. Moreover, drx-InactivityTimer can also be reused to make UE to expand the wake-up time by adapting to the real-time SL service(s) arriving pattern. Besides, since retransmission is introduced in SL unicast, the above retransmission related timers (i.e. drx-RetransmissionTimer and drx-HARQ-RTT-Timer) in Uu DRX should also be reused in SL DRX. However, different from Uu, there is no need to distinguish between DL and UL, one set of SL specific drx-RetransmissionTimer and drx-HARQ-RTT-Timer is enough. Therefore, we propose RAN2 to agree to reuse these timers and further discuss the corresponding (re)start/stop conditions of these timers.
Proposal 1: In SL DRX configuration for unicast, introduce onDurationTimer, InactivityTimer, RetransmissionTimer and HARQ-RTT-Timer. The corresponding (re)start/stop conditions of these timers can be further discussed.
Additionally, it is expected that sometimes SL services arrive frequently, in which case short cycle can be inherited to ensure timely scheduling while reduce the power consumption, while sometimes SL services are quite sporadic and long cycle is more power saving. However, it seems slightly complex if short and long cycles are all reused for SL transmission as some further discussion on equations as well as related timers and MAC CEs cannot be avoided but actually this kind of mechanism may not introduce too much benefit for SL traffic. Whilst the long DRX cycle like in Uu is the baseline, whether to additionally introduce the short cycles as in Uu and if yes, how to support the short DRX cycles in SL need to be further analyzed and discussed.
Proposal 2: In SL DRX configuration for unicast, whether to support both short and long DRX cycles as in Uu needs to be further analysed and discussed. 
2.1.2. Granularity of SL DRX configurations
As pointed out above, in NR Uu single DRX configuration is configured for a UE to monitor PDCCH, and the granularity of DRX configuration along with several DRX timers are configured per UE. However, when it comes to DRX for sidelink, things are different especially for unicast. This is because a RX UE may perform sidelink communication with more than one Tx UEs simultaneously, resulting in various DRX configuration requirements for different unicast links. 
A potential alternative is to let UEs employ DRX operation at the granularity of PC5 connection. If TX-centric mechanism is adopted, due to “M-to-1” nature, the RX UE may be configured with various DRX operations. In this case, it actually shall keep every DRX configuration, in order to determine the consolidated active time. Even from the TX UE’s perspective, it may configure different DRX configurations to different RX UEs based on different QoS and/or traffic pattern of different unicast links. 
Similarly, when RX-centric mechanism is employed, from the RX UE’s perspective, there may be only one DRX configuration applied commonly to all the connected TX UEs, which seems to be a per UE level DRX configuration but the actual configuration signaling is carried via PC5-RRC signaling which is indeed per connection level. In addition, from the perspective of the Tx UE, it should collect DRX configurations from all receivers to achieve the alignment towards ‘wake-up’ time with each RX UE, for the purpose of transmitting via PSCCH during proper time period. Therefore, different from Uu, the SL DRX configuration should be configured per unicast connection.  
Proposal 3: The SL DRX configuration is configured per unicast connection.
As the SL DRX configuration is configured per unicast connection, separate timers can be used to control UE’s PSCCH monitoring activity for each connection, respectively. Specifically, taking onDurationTimer which denotes the basic active time duration as example, multiple onDurationTimers shall run independently within a RX UE, with each onDurationTimer maintained for a unicast connection and the actual active time should take all the onDurationTimers into account. Similarly, InactivityTimer should also be maintained per unicast connection which means only upon reception of SCI for new transmission of this specific unicast link, can the UE start/restart the InactivityTimer associated with this link. As for RetransmissionTimer and HARQ-RTT-Timer, similar with NR Uu, the UE can maintain these two kinds of timers per Sidelink process. In this case, as the SL process association is all up to UE implementation, which means the SL process is shared among multiple SRC-DSR pairs, then the value of these two timers is not fixed but need to be changed according to the PC5 connection the SL process is associated with. 
Proposal 4: For SL DRX related timers, onDurationTimer and InactivityTimer are maintained per connection, while RetransmissionTimer and HARQ-RTT-Timer are maintained per SL process.
2.1.3. How to configure SL DRX configuration
In Uu, as a scheduler, the NW is responsible to configure a suitable DRX configuration to a UE and both the NW and the UE follow the DRX pattern to perform data transmission and reception. However, when it comes to SL DRX, the question is which party to configure the DRX configuration for a certain unicast link, i.e., TX UE or RX UE? Accordingly, two basic options as listed below can be taken as a baseline for further study.[footnoteRef:1] [1:  Whilst a UE can be both a transmitter and a receiver, the TX UE an RX UE in below descriptions is generally used to describe whether a UE, as a transmitter, determines the DRX configuration for its peer UE’s reception (option 1), or it, as the receiver, determines the DRX configuration for its own reception (option 2).  ] 

· [bookmark: _GoBack]Option 1: Tx UE centric DRX configuration
Tx UE centric DRX configuration is as illustrated in Figure 2a, where a TX UE (or its gNB) determines the DRX configuration for each RX UE it is connected with based on some assistance information e.g. QoS, traffic pattern and etc., and signals the DRX configuration to each RX UE via PC5-RRC. The RX UE follows the DRX configuration for reception from the TX UE. When the Rx UE performs SL communication with multiple Tx UEs, it needs to maintain/coordinate different sets of DRX configurations from these TX UEs for reception simultaneously. 
· Option 2: Rx UE centric DRX configuration
In contrast, as illustrated in Figure 2b, in Rx UE centric DRX configuration, a RX UE decides the DRX configuration(s) as per its demand of power saving, and signals the corresponding DRX configuration to each TX UE it is connected with. The Tx UE will follow the DRX configuration for its transmission, e.g. not transmitting outside the active time of the Rx UE.
[image: ]                     [image: ]
(a)                                                                                             (b)
Figure 2:  a) Tx UE centric DRX configuration; b) Rx UE centric DRX configuration
In option 1, the resource configuration for SL services is either determined by Tx UE or the Tx UE’s serving gNB, so it is convenient to adapt SL DRX configuration with SL resource configuration by making the SL grants within the active time for the Rx UE as much as possible to ensure the transmission performance of data. Nevertheless, due to “M-to-1” nature of SL, one Rx UE may perform SL communication with multiple Tx UEs simultaneously, since it is not possible to negotiate among the Tx UEs, the ”wake up” time configured by these TX UEs may spread over most of the whole time domain, leading to DRX unrealistic at all.
In option 2, regardless of the number of the Tx UEs it is connected with, the RX UE determines the DRX configuration from its power saving perspective and applies commonly to all the connected TX UEs, or determines multiple DRX configurations (i.e. different DRX configurations for different TX UE groups with a group of TX UEs applying the same DRX configuration). However,  the SL DRX and SL resource configuration/service requirement may not perfectly match especially when there are multiple Tx UEs, which may result in packet loss, e.g., when data arrives in the inactive time and is not able to be transmitted timely.
In summary, this is a trade-off between power consumption and transmission performance as shown in Table 1 and RAN2 is suggested to take these two options as a baseline for further discussion. 
Table I: Pros & Cons analysis for TX UE centric and RX UE centric DRX configuraitons
	
	Pros
	 Cons

	Tx UE centric (option 1)
	It is convenient to adapt SL DRX configuration with both SL service requirements and resource configuration, ensuring transmission performance of data.
	Due to “M-to-1” nature of SL, “wake-up” time configured by from multiple TX UEs can spread over the whole time domain, leading DRX unrealistic at al.

	Rx UE centric (option 2)
	DRX config is determined by the RX UE per its expected power saving level. Real power saving achievable.
	TX UE cannot transmit, once data arrives in the inactive time determined by the RX; Possibility for packet loss due to inability to transmit timely.


In addition, some kind of coordination between the mentioned TX centric and RX centric mechanism can be considered as well, e.g., some assistance information is transmitted from either the TX UE or RX UE to the peer UE and the peer UE determines the DRX configuration while taking the assistance information into account. This coordinated DRX configuration mechanism is shown in Figure 3.
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(a)                                                                                             (b)
Figure 3:  a) Tx UE-based coordinated DRX configuration;    b) Rx UE-based coordinated DRX configuration
This is a so-called two-way mechanism, something like what we already have in Rel-16. For this option, when determining the DRX configuration, both power consumption and service requirement/resource configuration can be considered at the same time to achieve a balance between the data transmission performance as well as saving the UE power. Therefore, we propose RAN2 to further discuss how to configure the DRX configuration. 
Proposal 5: RAN2 to further discuss how to configure the DRX configuration, i.e., TX centric or RX centric or some coordinated mechanism. 
2.1.4. The alignment between SL resource and SL DRX configuration
In R16 NR V2X, the Rx UE is expected to be always awake to receive PSCCH/PSSCH and thus the Tx UE can transmit PSCCH/PSSCH as long as there is a SL grant.  
However, the story is different in Rel-17 with the introduction of SL DRX. As illustrated in Figure 5, for mode 1, the gNB schedules a SL grant for the Tx UE, then the Tx UE selects a destination for the SL grant according to current LCP procedure. As the DRX state is not a factor for DST selection during LCP, the SL grant may not be in SL DRX active time of the selected destination. 
Similarly for mode 2, if sidelink data is available in a logical channel, and resource (re-)selection is triggered, the MAC entity creates selected SL grant according to the resources reported by PHY layer. Then the Tx UE selects a destination for the selected SL grant according to current LCP procedure without taking the DRX state into account, then the SL grant may not be in SL DRX active time of the selected destination. 
Therefore, as analyzed above, it may happen that a SL grant that is assigned by the gNB or created by the Tx UE may be out of the SL DRX active time of selected destination. Since Rx UE only monitors PSCCH/PSSCH during SL DRX active time when sidelink DRX is applied, in this case, the transmission will not be received by selected destination. Thus RAN2 needs to further discuss how to handle the case when the SL grant is out of the active time of the selected destination. 
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Figure 4. The case when SL grant is not in Rx UE’s SL DRX active time
Proposal 6: RAN2 to further discuss how to handle the case when the SL grant is out of the active time of the selected destination.
1.2. Sidelink DRX for groupcast/broadcast
Regarding sidelink DRX for groupcast and broadcast, we should first discuss the DRX modelling, e.g. whether to use Uu like DRX mechanism (timer based solution) or not.
[bookmark: OLE_LINK16]Compared to unicast, PC5-RRC is not supported for groupcast and broadcast in R16 V2X, and thus DRX configuration coordination is not possible among UEs in sidelink directly. As shown in Figure 6, currently there is no way for one UE (e.g. Tx UE in groupcast and broadcast) to configure DRX to other UEs (e.g. Rx UEs in groupcast and broadcast). 
[bookmark: OLE_LINK19]Observation 1: SL DRX configuration coordination among UEs via groupcast/broadcast signaling can not be directly supported by Rel-16 NR SL communication.
Therefore, if we want to apply Uu like DRX mechanism for groupcast and broadcast, a straightforward way is to make some enhancements to enable DRX configuration coordination among UEs via groupcast/broadcast signaling.
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Figure 5: Impossible of DRX coordination for SL groupcast and broadcast based on Rel-16 NR SL
As another alternative, we may apply other mechanism for sidelink groupcast/broadcast DRX. We may consider to support some forms of DRX configuration in some other granularities, e.g. in a per resource pool manner, which is then aligned among all the UEs using the pool(s) for transmission and reception. For example, a dedicated resource pattern 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 in the pool.Taking an example as shown in the Figure below, a dedicated resource pattern (e.g. TDM pattern in R16 resource pools) can be used to support sidelink groupcast/broadcast DRX, where the UEs which are in sidelink groupcast and broadcast DRX status should transmit or receive only via these dedicated resources indicated in the pattern . In this way, the DRX can be realized on the dedicated resource pattern in effect. Also, one may also consider to configure those DRX parameters (e.g. Onduration timer) in a per pool manner, so that all UEs using the pool are aligned with each other regarding when in the pool the reception (and thus transmission) can occur and when not. 
 [image: ]
Figure 6: Illustration of dedicated resources for SL groupcast and broadcast
Thus, for the DRX support for NR SL broadcast and groupcast, RAN2 should discuss how to align UEs understanding on the wake-up/sleeping time among UEs, by taking into account possible solutions, e.g. introducing DRX coordination among UEs in SL, configuring resource pattern/DRX parameter in a per pool manner, etc.
Proposal 7: For SL DRX for groupcast and broadcast, RAN2 to discuss how to align the understanding on the wake-up/sleeping time among UEs, by taking into account e.g. DRX coordination among UEs in SL, configuration of resource pattern/DRX parameter per pool, etc.
1.3. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Sidelink DRX and Uu DRX coordination
During the Rel-16 V2X discussion, the issue on SL operation impact to the Uu DRX has been discussed [3]. In [3], majority companies think that the DRX related issue is not in the Rel.16 scope but in the Rel.17 scope and suggested to discuss it in Rel.17. Finally, RAN2 reached the following agreements for Rel.16:
	Agreement:
UE does not expect DRX configuration if SL mode1 is configured in Rel-16.


This means that once a UE is configured with SL mode 1, the Uu DRX of this UE shall actually be disabled. 
Observation 2: During Rel.16 discussion, majority companies think the DRX related issue is in Rel.17 scope and suggest to discuss it in Rel.17.
In Rel.16 it may be acceptable with the above agreement considering that the main use case for SL operation considering in Rel.16 is V2V. However, in Rel.17 we also need to consider the V2P as well as commercial use case. For such use cases, the UE’s power saving is one of the key aspects that should be taken into account when designing SL related mechanism. This is also the reason why SL DRX and power efficient SL resource selection are agreed to be the objectives for Sidelink enhancement WID [1]. 
Observation 3: For the use case to be considered in the Rel.17 WID of Sidelink enhancement, UE’s power saving is one of the key aspects that should be taken into account for enhancement.
For the UE configured with SL mode 1, the UE needs to perform both of the Uu operation and the PC5 operation, both of which will contribute to the UE’s power consumption. So, in order to reduce such UE’s power consumption effectively, it is natural that the both of power consumption on Uu and PC5 should be reduced as much as possible. However, with the current Rel.16 conclusion on the Uu DRX as given above, the UE could not enable the Uu DRX , which is the most effective way for UE’s power saving on Uu, once it is configured with Mode 1. This obviously violate with the motivation for introducing enhancement for UE’s power saving in [1].
Observation 4: The Rel.16 conclusion that “UE does not expect DRX configuration if SL mode1 is configured in Rel-16” is violating with motivation for introducing enhancement for UE’s power saving in Rel.17.
Also, there is a clear objective in the WID to discuss the alignment of Uu DRX and SL DRX, which clearly means that Uu DRX can be configured for a RRC_CONNECTED UE, when the UE is performing NR SL communication. 
Specify mechanism aiming to align sidelink DRX wake-up time with Uu DRX wake-up time in an in-coverage 
So, based on the above observations, we have the following proposal:
Proposal 8: The SL impact on Uu DRX shall be discussed in the WI of Sidelink enhancement. 
In addition, the above objective should at least address the case when the Uu DRX active time for a UE to receive a SL grant for transmission is mismatched with the active time of SL DRX at the peer UE. As illustrated in Figure 7, for example, from the TX UE’s perspective, the TX UE should monitor the PDCCH for SL grant during its Uu DRX active time when the gNB schedules a SL grant and this SL grant should occur at the SL DRX active time of its peer UE. However, if the Uu DRX active time for the TX UE and the SL DRX active time of its peer UE is mismatched with each other, there may be some issue with scheduling, e.g., if SL is inactive while Uu is active or if SL is active while Uu is inactive, timely SL scheduling cannot be ensured and is of course undesirable.
[image: C:\Users\z00346134\AppData\Roaming\eSpace_Desktop\UserData\z00346134\imagefiles\9167C58C-099B-4393-A35A-C46BE759480D.png]
Figure 7: Sidelink DRX and Uu DRX coordination
Proposal 9: Coordination between SL DRX and Uu DRX should be discussed to at least to avoid the mismatch between the active time of Uu DRX for a UE to receive SL grant(s) and active time of SL DRX at its peer UE(s) for SL reception.
1.4. Impacts on PHY
When a UE is configured SL DRX, the UE will not monitor SCI transmissions during inactive time. When UE is configured partial sensing or full sensing, the UE needs to monitor SCI transmissions in partial sensing slots or sensing window respectively for resource (re)selection. When UE is configured SL DRX and performs resource selection using partial sensing or sensing, the UE is not able to monitor SCI transmissions during inactive time and thus the sensing results will decrease. Accordingly, SL DRX may lead to potential impact on sensing procedure. However, since the sensing procedure is completely carried out in PHY and is invisible to L2, this impact issue may need to be considered in detail by RAN1 along with their designing of partial sensing on top of full sensing. RAN2 may inform them if any potential impact is forseen 
Observation 5: UE is not able to monitor SCI transmissions during inactive time when performing partial sensing or full sensing, which will impact resource (re)selection.
Proposal 10: The impact on sensing procedure resulting from SL DRX should be discussed in RAN1. 
For the reception of HARQ feedback, if HARQ is enabled and UE transmits a TB, the UE will receive HARQ-ACK/NACK on PSFCH. Then the question is whether the UE is allowed to receive on PSFCH or not during inactive time in case of SL DRX is configured? If the answer is No, when UE is configured with SL DRX and HARQ-ACK/NACK arrives during inactive time, the latency and reliability would be affected. Similarly, if UE triggers CSI reporting, and the CSI reports arrive during inactive time, then UE cannot receive CSI report to perform link adaption and the reliability may decrease. 
Proposal 11: Whether it is allowed to receive the HARQ feedback and/or CSI report during the inactive time when SL DRX is configured should be discussed in RAN1.
Conclusion
In this contribution, we discuss sidelink DRX for unicast, groupcast and broadcast as well as the potential impacts of SL DRX on PHY, and derive the following observations:
Observation 1: SL DRX configuration coordination among UEs via groupcast/broadcast signaling can not be directly supported by Rel-16 NR SL communication.
Observation 2: During Rel.16 discussion, majority companies think the DRX related issue is in Rel.17 scope and suggest to discuss it in Rel.17.
Observation 3: For the use case to be considered in the Rel.17 WID of Sidelink enhancement, UE’s power saving is one of the key aspects that should be taken into account for enhancement.
Observation 4: The Rel.16 conclusion that “UE does not expect DRX configuration if SL mode1 is configured in Rel-16” is violating with motivation for introducing enhancement for UE’s power saving in Rel.17.
Observation 5: UE is not able to monitor SCI transmissions during inactive time when performing partial sensing or full sensing, which will impact resource (re)selection.

Moreover, we have the following proposals: 
Proposal 1: In SL DRX configuration for unicast, introduce onDurationTimer, InactivityTimer, RetransmissionTimer and HARQ-RTT-Timer. The corresponding (re)start/stop conditions of these timers can be further discussed.
Proposal 2: In SL DRX configuration for unicast, whether to support both short and long DRX cycles as in Uu needs to be further analysed and discussed. 
Proposal 3: The SL DRX configuration is configured per unicast connection.
Proposal 4: For SL DRX related timers, onDurationTimer and InactivityTimer are maintained per connection, while RetransmissionTimer and HARQ-RTT-Timer are maintained per SL process.
Proposal 5: RAN2 to further discuss how to configure the DRX configuration, i.e., TX centric or RX centric or some coordinated mechanism. 
Proposal 6: RAN2 to further discuss how to handle the case when the SL grant is out of the active time of the selected destination.
Proposal 7: For SL DRX for groupcast and broadcast, RAN2 to discuss how to align the understanding on the wake-up/sleeping time among UEs, by taking into account e.g. DRX coordination among UEs in SL, configuration of resource pattern/DRX parameter per pool, etc.
Proposal 8: The SL impact on Uu DRX shall be discussed in the WI of Sidelink enhancement. 
Proposal 9: Coordination between SL DRX and Uu DRX should be discussed to at least to avoid the mismatch between the active time of Uu DRX for a UE to receive SL grant(s) and active time of SL DRX at its peer UE(s) for SL reception.
Proposal 10: The impact on sensing procedure resulting from SL DRX should be discussed in RAN1. 
Proposal 11: Whether it is allowed to receive the HARQ feedback and/or CSI report during the inactive time when SL DRX is configured should be discussed in RAN1.
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