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[bookmark: _Ref488331639]Introduction
[bookmark: _Ref178064866]This paper is to discuss the DRX for sidelink.
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 UE
Power saving for sidelink transmission
Firstly, it is helpful to clarify the relationship between the DRX and the power efficient transmission, which is related to the following bullet in the WID
· Specify resource allocation to reduce power consumption of the UEs [RAN1, RAN2]
· Baseline is to introduce the principle of Rel-14 LTE sidelink random resource selection and partial sensing to Rel-16 NR sidelink resource allocation mode 2.
· Note: Taking Rel-14 as the baseline does not preclude introducing a new solution to reduce power consumption for the cases where the baseline cannot work properly.
The following table gives a comparison between Uu and PC5 in terms of DRX mechanism design
Table 1 Comparison between Uu-DRX and PC5-DRX
	
	UL/TX
	DL/RX

	Uu
	For UL-grant reception, follows DRX
For PUSCH transmission, no action needed since it is already in DTX manner
	For DL-assignment/PDSCH reception, follows DRX

	PC5
	For sensing (i.e., RX type) reception, TX-UE itself can decided on sensing behavior. 
For PSSCH transmission, no action needed since it is already in DTX manner
	For PSCCH/PSSCH, follows DRX


As highlighted in red, compared to Uu, the difference is that
In Uu, the TX (i.e., UL) still follows the RX-entity (gNB for UL) scheduling, so that the UL-grant reception as the first step for TX still can and has to follow DRX rule in order to achieve power saving gain.
In PC5, the TX does not need to follow the DRX thread to restrict the sensing operation, because
· TX does not need to follow the RX-UE scheduling, and thus the first step of reception, i.e., sensing, is up to the decide of Tx-UE itself. If we mandate the sensing operation being limited to active time of DRX pattern, it means that the Tx-UE behaviour is controlled by the counterpart Rx-UE, which is against the design principle of sidelink since LTE, i.e., based on a Tx-centric manner.
· Based on R14 partial sensing behaviour (which would be the baseline for R17 design), it is difficult to map that towards the DRX behaviour. I.e., it would restrict the DRX cycle to be 100ms, and since the TX happens in the 100ms-periodical resources as well, there would be definitely TX/RX collision.


Figure 1 Partial sensing operation defined in R14 LTE-V2X
Furthermore, considering sensing / DRX design are covered by RAN1/2 separately, it is not preferred to bundle the work in two WGs so tightly, which would make it hard for either to progress.
Therefore, there is no need to couple the sidelink transmission (i.e., the sensing operation) with DRX design.
[bookmark: _Toc54262133]Restrict sensing operation by DRX would violate the R16 design framework on TX-centric configuration, restrict the design DRX pattern and increase Tx/Rx collision probability.
Proposal 1 [bookmark: _Toc54262136]RAN2 only focus on DRX design which does not need to restrict the sensing operation of the same UE, and leave the design of power efficient sensing to RAN1.
Power saving for sidelink reception
DRX for Broadcast
For broadcast, all UEs (in the proximity) would be the Rx-UE. 
In order to enable DRX, in details
· In order for a message to be received by all UEs, all UEs has to be awake/sleeping at the same time, i.e., the DRX pattern for all the UEs has to be the synchronous/same;
· When the UEs wakened by broadcast message, the question is whether the UEs have to enter into the continuous-active-time (similar to the mechanism for drx-InactivityTimer);


[bookmark: _Ref51771967]Figure 2 Reception failure if introducing dynamic DRX for broadcast
For the latter point above, the feasibility relies on the premise that all UEs have a fixed topology that will not change during the session of broadcast, yet that is not the case for V2X (and it is questionable for non-V2X). 
I.e., as long as there is a new Rx-UE (i.e., UE2 in Figure 1) in the proximity which missed the broadcast message (i.e. packet-1 in Figure 1) that waken the other UEs, the UE (i.e., UE2 in Figure 1) would go to sleep again and thus miss the messages that is delivered during the DRX time (i.e., packet-2 in Figure 1) extended by in-activity-timer.
[bookmark: _Toc54262134]Dynamic DRX based on inactivitytimer would cause packet loss to broadcast.
So a fixed and aligned DRX is the only feasible solution for broadcast, which can be implemented by resource pool configuration which is sparse in time domain.
Proposal 2 [bookmark: _Ref51775083][bookmark: _Toc54262137]For sidelink broadcast, DRX can be implemented by resource pool configuration which is sparse in time domain, i.e., no spec impact.
DRX for Groupcast
Essentially, for group-cast, it is similar to broadcast, yet the difference is that a stable topology between the Tx-UE and Rx-UE may be possible, depending on the concrete application, e.g., for platooning. 
Hence,
· On the one hand, an aligned DRX pattern is needed for the UEs in the group;
· On the other hand, considering a stable topology is possible, the difference (compared to broadcast) is that dynamic-DRX based on inactivitytimer may be feasible, if there could be no such “UE2” as shown in Figure 1, e.g., which may be prohibited by group management (which is under application layer control). 
However, still, one may argue that there would be anyway group-member joining/leaving procedure, which may happen during the active time, and thus the issue in Figure 1 still exist.
I.e., for group-cast, RAN2 needs to firstly discuss whether to consider the groupcast with a stable topology before digging into the DRX design, which would decide the necessity of dynamic-DRX for groupcast.
Proposal 3 [bookmark: _Toc54262138]For sidelink groupcast, DRX mechanism for broadcast can be used as baseline. FFS on whether an drx-InactivityTimer like mechanism is needed.
DRX for Unicast
For Unicast, before digging into DRX configuration, it is helpful to re-screen the signalling flow


Figure 3 Signaling flow chart for SL unicast link establishment
To mimic DRX configuration of Uu interface in RRC_CONNECTED state, for unicast, DRX-configuration as a part of AS-layer configuration, can be configured using PC5-RRC procedure for AS-layer configuration, which has been introduced in R16. In details:
· UE2 sends the DRX configuration to UE1, in order to configure the DRX parameter for UE2=>UE1 direction;
· UE1 sends the DRX configuration to UE2, in order to configure the DRX parameter for UE1=>UE2 direction;
In this way, the R16 configuration framework is kept, and DRX-configuration support is just to add the MAC layer parameters to the AS-layer configuration PC5-RRC procedure.
Then the left question is how to implement the DRX for the PC5-S / PC5-RRC messages before AS-layer configuration. One straightforward solution is to rely on default configuration, i.e., non-DRX before the each UE getting the dedicated configuration via PC5-RRC. E.g.,
· For DCR message, 
· If it is sent in broadcast manner, it can follow the DRX mechanism for broadcast message, i.e., UE1 sending the PC5-S message to UE2 using broadcast resource pool, for which the power saving gain comes from the sparse resource pool as proposed in Proposal 2.
· If it is sent in unicast manner, a default DRX configuration is needed, which has to be pre-known by Tx UE, e.g., a pre-defined On-duration, which can be derived by Rx-UE. 
· If the on-duration is within the DRX on-duration for broadcast and if assuming the UE would anyway monitor broadcast traffic, there is nothing to be done. 
· Otherwise, further optimization can be considered, e.g., based on the ID of Rx-UE to allow UE-specific on-duration for signalling overhead evenly distribution.
· Afterwards, for the other PC5-S messages (SMC, SMC-ACK, DCA) and PC5-RRC messages (UECapabilityEnquirySidelink, UECapabilityInformationSidelink), the two UEs communicate without DRX, i.e., continuous reception is used.
· Until the reception of RRCReconfigurationSidelink, DRX can be enabled afterwards.
Proposal 4 [bookmark: _Toc54262139]For sidelink unicast, before unicast link establishment, Rx-UE is in sleep mode except for reception for DCR message, and enters into active time after receving DCR message until receiving dedicated DRX configuration via RRCReconfigurationSidelink. 
Proposal 5 [bookmark: _Toc54262140]For sidelink unicast, the reception of DCR follows the DRX for broadcast if it is sent in broadcast manner, and FFS on the DRX behaviour if it is sent in unicast manner.
Interaction with network	
For Uu-DRX
As discussed in R16, the Uu-DRX for sidelink grant has to be introduced in R17.
NOTE 1:	If Sidelink resource allocation mode 1 is configured by RRC, a DRX functionality is not configured.
It is straightforward to follow the behaviour for Uu as much as possible.
In R2-2005720, the following recommendations have been made
Recommendation 3A: As in LTE DRX, if DRX is configured, the MAC entity may monitor the PDCCH for the MAC entity's SL-RNTI, SLCS-RNTI and SL Semi-Persistent Scheduling V-RNTI.
Recommendation 3B: RAN2 is requested to further discuss whether drx-RetransmissionTimerSL and drx-HARQ-RTT-TimerSL with the following definitions can be configured and drx-RetransmissionTimerSL is included in the Active Time.
Recommendation 3C: drx-RetransmissionTimerSL is included in the Active Time, if it is agreed.
Recommendation 3D: If drx-RetransmissionTimerSL and drx-HARQ-RTT-TimerSL are agreed, when to start/stop drx-RetransmissionTimerSL and drx-HARQ-RTT-TimerSL are specified and the above procedural texts can be considered as baseline for CR (noting that detailed wording for CR implementation can be further discussed)
Recommendation 3E: If drx-RetransmissionTimerSL and drx-HARQ-RTT-TimerSL are agreed, drx-RetransmissionTimerSL and drx-HARQ-RTT-TimerSL are added to ASN.1. (noting that detailed ASN.1 issues can be further discussed and led by RRC rapporteur)
The difference between SL and Uu is,
· For DL, the RTT timer is started after PUCCH, since there is no re-transmission scheduling expected before PUCCH from PHY perspective;
· For UL, the RTT timer is started after PUSCH, since there is no re-transmission scheduling expected before PUSCH from PHY perspective;


Figure 4 Scheduling restriction and DRX behaviour for DL and UL
For SL, if following the same principle, considering there is no re-transmission scheduling timing restriction in PHY spec, it may happen immediately after PDCCH. On the other hand, 
· If PUCCH is configured, it is more straightforward to wait after PUCCH to use the RTT re-transmission, as shown in the lower part of Figure 4.
· But then when PUCCH is not configured, start RTT/Re-transmission timer after PDCCH could be feasible especially considering there is no RAN1 restriction on re-transmission scheduling limitation, as shown in the upper part of Figure 4.



[bookmark: _Ref51834856]Figure 5 Scheduling restriction and DRX behaviour for SL (w/ and w/o PUCCH)
So that the FFS point would be how to define the RTT and re-transmission timer.
[bookmark: _Toc54262135]On the one hand, PUCCH may trigger re-transmission scheduling. On the other hand, PUCCH may not be configured.
Proposal 6 [bookmark: _Toc54262141]Introduce DL DRX for SL scheduling mode-1, FFS on the behaviour for RTT timer and re-transmission timer when PUCCH is not configured.
For PC5-DRX
According to the WID
· Specify mechanism aiming to align sidelink DRX wake-up time with Uu DRX wake-up time in an in-coverage UE
There is a need for Uu-DRX and PC5-DRX coordination, for which different cases are analysed as follows
· For the case where Uu and PC5 can operate simultaneously, align the PC5 and Uu in time domain helps to save power;
· For the case where Uu and PC5 cannot operate simultaneously, separate the PC5 and Uu in time domain helps to avoid collision and avoidance;
So it is beneficial for the network to decide DRX for Uu and PC5-DRX jointly.


Figure 6 Network controlled PC5-DRX decision
Proposal 7 [bookmark: _Toc54262142]For RRC_CONNECTED Tx-UE, it is up to network of Tx-UE to decide on the PC5-DRX and send to Tx-UE, which further send the PC5-DRX parameter to Rx-UE.
Proposal 8 [bookmark: _Toc54262143]For RRC_CONNECTED Rx-UE, Rx-UE would report the received PC5-DRX parameter to network, for network to decide on the coordination between PC5-DRX and Uu-DRX.

Conclusion
We have the following observations:
Observation 1	Restrict sensing operation by DRX would violate the R16 design framework on TX-centric configuration, restrict the design DRX pattern and increase Tx/Rx collision probability.
Observation 2	Dynamic DRX based on inactivitytimer would cause packet loss to broadcast.
Observation 3	On the one hand, PUCCH may trigger re-transmission scheduling. On the other hand, PUCCH may not be configured.

We have the following proposals:
Proposal 1	RAN2 only focus on DRX design which does not need to restrict the sensing operation of the same UE, and leave the design of power efficient sensing to RAN1.
Proposal 2	For sidelink broadcast, DRX can be implemented by resource pool configuration which is sparse in time domain, i.e., no spec impact.
Proposal 3	For sidelink groupcast, DRX mechanism for broadcast can be used as baseline. FFS on whether an drx-InactivityTimer like mechanism is needed.
Proposal 4	For sidelink unicast, before unicast link establishment, Rx-UE is in sleep mode except for reception for DCR message, and enters into active time after receving DCR message until receiving dedicated DRX configuration via RRCReconfigurationSidelink.
Proposal 5	For sidelink unicast, the reception of DCR follows the DRX for broadcast if it is sent in broadcast manner, and FFS on the DRX behaviour if it is sent in unicast manner.
Proposal 6	Introduce DL DRX for SL scheduling mode-1, FFS on the behaviour for RTT timer and re-transmission timer when PUCCH is not configured.
Proposal 7	For RRC_CONNECTED Tx-UE, it is up to network of Tx-UE to decide on the PC5-DRX and send to Tx-UE, which further send the PC5-DRX parameter to Rx-UE.
Proposal 8	For RRC_CONNECTED Rx-UE, Rx-UE would report the received PC5-DRX parameter to network, for network to decide on the coordination between PC5-DRX and Uu-DRX.
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