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[bookmark: _Ref488331639]Introduction
[bookmark: _Ref178064866]This paper is to discuss the triggers for sidelink 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.
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.
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.	
Discussion
DRX Configuration vs. Cast Types
According to RAN2#112, 
1: 	Sidelink DRX needs to support sidelink communications for both in and out of network’s coverage scenarios.
3:	Support SL DRX for all casting types.
Yet it is not clear how for each cast-type to configure SL DRX.
DRX for Broadcast and Groupcast
[bookmark: _Toc59021316][bookmark: _Toc59021463][bookmark: _Toc59031912]For the DRX configuration of broadcast and groupcast, the DRX configuration has to be essentially aligned in the whole network,

       
Figure 1 DRX configuration for broadcast
For OOC scenario, it is straightforward to rely on pre-configuration;
For IC scenario, 
· If the UE is in IDLE/INACTIVE state, it is straightforward to rely on SIB. 
· If the UE is in CONNECTED state, there is no reason for a same cell, IDLE/INACTIVE UE and CONNECTED UE adopts different DRX configuration for broadcast/groupcast, i.e., there is no reason to deviate from the DRX configuration sent in SIB.
[bookmark: _Toc61348163]There is no reason for a same cell, IDLE/INACTIVE UE and CONNECTED UE adopts different DRX configuration for broadcast/groupcast.
Proposal 1 [bookmark: _Toc61348153]For sidelink broadcast and groupcast, the DRX configuration is delivered to Tx-UE and Rx-UE from pre-configuration for OOC scenario and from SIB for IC scenario.
DRX for Unicast
For Unicast, before digging into DRX configuration, it is helpful to re-screen the signalling flow


Figure 2 Signaling flow chart for SL unicast link establishment
The first 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 each UE getting the dedicated configuration via PC5-RRC. E.g.,
For DCR message, 
1. 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.
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. 
A. 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. 
B. 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.
Afterward, 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 afterward.
Proposal 2 [bookmark: _Toc61348154]For sidelink unicast, before receiving DCR message, Rx-UE follows the DRX mechanism for broadcast for DCR messages sent in broadcast manner, and FFS on the DRX behaviour for DCR messages sent in unicast manner.
Then the second question is how to configure the DRX after unicast link being established.
· One is to still rely on broadcast scheme, i.e., pre-configuration and SIB
· The other is to rely on some enhanced scheme, which allows dedicated configuration;
Between the two, we believe the latter one would be more flexible, i.e., leaves more freedom to network if the UE is in CONNECTED state. 
[bookmark: _Toc61348164]For sidelink unicast of RRC_CONNECTED UE, dedicated configuration (instead of relying on pre-configuration and SIB) would provide more flexibility to network and UE, to adapt with scheduling and parameter setting.
Then the follow-up question is whether the flexibility is also preferred for IDLE/INACTIVE state, where pre-configuration/SIB-based approach does not allow this flexible configuration.
Proposal 3 [bookmark: _Toc61348155]For sidelink unicast, DRX configuration is delivered to UE from dedicated RRC for CONNECTED UE. FFS for other cases (i.e., OOC scenario, and IC IDLE/INACTIVE scenarios)
Then the problem is just which side to make the final decision on this, either Tx-UE side (or the network behind Tx-UE) or the Rx-UE side (or the network behind Rx-UE):


  
Figure 3 Unicast DRX configuration (Left: Tx-UE centric, Right: Rx-UE centric)
Comparing the two approaches, the main issue for the Rx-UE centric manner is that this approach tries to enable Rx-UE controlling Tx-UE scheduling.
· It violates the sidelink design framework of “Tx-centric” since Rel-12, i.e., Tx-UE itself (or the network behind) to decide on the transmission. In more details, the Rx-UE has no information on Tx-side traffic characteristics and resource configuration. 
· It can be somehow interpreted as something similar to the topic of “inter-UE coordination”, i.e., Rx-UE sends some “preference” to Tx-UE. But, more importantly, even in “inter-UE coordination”, it is also finally the Tx-UE to make decision on the transmission resources, but just taking the “preference” from Rx-UE into account.
· Signaling-wise, currently PC5-RRC design is to rely on TX-UE to configure SDAP/PDCP/RLC/MAC/PHY configuration. If DRX configuration becomes an exceptional case, i.e., only this parameter is configured by Rx-UE, then when there is any causality / coupling between DRX and other parameters, it becomes a chicken-and-egg issue, i.e., two related parameters configured by two separate entities (i.e., TX-UE and RX-UE), which may further cause discussion / work on how to coordinate between the two entities.
[bookmark: _Toc61348165]Without information of Tx-side traffic characteristics and resource configuration, it is not feasible to rely on Rx-UE to make a final decision on the DRX configuration.
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.
Proposal 4 [bookmark: _Toc61348156]For sidelink unicast, after receiving DCR message, Rx-UE enters into active time until receiving dedicated DRX configuration from Tx-UE via RRCReconfigurationSidelink. 
On the other hand, it may be not preferred to let Tx-UE (or the network behind) to decide by its own, since the power saving gain is mainly at Rx-UE side, which should have a chance to express its preference on the resources from power efficiency perspective. It is similar to the UAI message utilized in Uu interface to suggest DRX configuration from UE perspective.


Figure 4 Unicast DRX configuration with assistance of DRX-Pattern Preference from Rx-UE
Proposal 5 [bookmark: _Toc61348157]For sidelink unicast, RAN2 discuss whether to introduce an assistance message from Rx-UE to send preferred DRX configuration (FFS on the content) to Tx-UE.
DRX parameters
In RAN2#112, it was agreed that
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.
8:	Support of long DRX cycle for SL unicast should be assumed as a baseline. FFS on the need of short DRX cycle.
This section is to discuss the detailed DRX parameter supported for each cast types.
Table 1 DRX parameters for different cast types
	
	Long Cycle
	Short Cycle
	Inactivity timer
	RTT timer
	Retransmission timer

	Broadcast
	Y (or relying on pool configuration by implementation)
	N
	N
	FFS
	FFS

	Groupcast
	Y (or relying on pool configuration by implementation)
	N
	N
	FFS
	FFS

	Unicast
	Y
	N
	Y
	Y (w/ further details to be discussed)
	Y (w/ further details to be discussed)



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);


Figure 5 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 the proximity which missed the broadcast message (i.e. packet-1) that waken the other UEs, the UE (i.e., UE2) would go to sleep again and thus miss the messages that is delivered during the DRX time (i.e., packet-2) extended by in-activity-timer.
[bookmark: _Toc61348166]Dynamic DRX based on inactivitytimer would cause packet loss to broadcast.
So a fixed DRX cycle and on-Duration timer is the only feasible solution for broadcast. To implement it
1. One way is to rely on resource pool configuration which is sparse in time domain.
2. Another way is to reply on specific cycle/timer that is decoupled from resource pool.
Comparing the two methods, Alt-1 would lead to a broadcast-specific resource pool (in Rel-16, the resource pool is defined in a cast type agnostic manner), which is more power-efficient since a since DRX pattern is used, but cannot further differentiate between different service types/QoS/QoS flows compared to Alt-2. So there is no obvious pros and cons.
Proposal 6 [bookmark: _Toc61348158]For sidelink broadcast, RAN2 discuss whether to support long DRX cycle and onDuration timer or rely on Rx pool configuration by implementation for power saving.
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”, 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 still exists.
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 7 [bookmark: _Toc61348159]For sidelink groupcast, DRX mechanism for broadcast is used as baseline. 
DRX for Unicast
Comparing to broadcast and groupcast which can only make use of, unicast can allow more flexible DRX mechanism, e.g.,
1. Inactivity timer
2. Short DRX cycle
3. RTT and retransmission timer
Although theoretically all mechanisms above can be adopted, in a way similar to Uu interface, at least for parameter-1. For parameter-2, it does not bring too much benefit in reality, if long DRX cycle and inactivity timer is utilized appropriately. 
Proposal 8 [bookmark: _Toc61348160]For sidelink unicast, support long DRX cycle, onDuration timer and inactivity timer, but not support short DRX cycle.
For parameter-3, it seems useful to handle DRX for re-transmission specifically, but some adjustment is needed considering RTT gap is not a fixed value.
Table 2 Timing restriction for feedback based HARQ re-transmission
	
	PSSCH-to-PSFCH
	PSFCH-to-PUCCH-to-PDCCH-to-PDSCH
	PSFCH-to-PSSCH (i.e., re-transmission w/o PUCCH)

	Mode-1
	Gap “a” is a time gap between the end of the last symbol of the PSSCH transmission of the first resource and the start of the first symbol of the corresponding PSFCH reception determined by resource pool configuration and higher layer parameters of MinTimeGapPSFCH and periodPSFCHresource
	PSFCH-to-PUCCH: Indicated in RRC for last transmission of CG, or indicated in DCI for re-tx via DG
PDCCH-to-PSSCH: indicated to DCI
	If the time between PSFCH reception and next scheduled PSCCH/PSSCH retransmission is less than Tprep + delta, the UE is allowed to drop the PSCCH/PSSCH retransmission with SL HARQ feedback enabled.

	Mode-2
	
	‘b’ is a time required for PSFCH reception and processing plus sidelink retransmission preparation including multiplexing of necessary physical channels and any TX-RX/RX-TX switching time and is determined by UE implementation



So it can be summarized that
· For mode-2, the uncertainty of RTT mainly comes from ‘b’, which is TX-UE implementation based;
· For mode-1, for PSFCH-to-PSSCH gap, there is a lower bound, i.e., “T_{prep}+delta”, which however may be too loose depending on network implementation. But for PUCCH based retransmission, there is no lower bound considering PUCCH-to-PDCCH-to-PSSCH delay is fully up to network implementation.
Therefore, the RTT timer is preferably started from PSFCH transmission (if feedback is enabled), and the length should be controlled by Tx-UE for mode-2 or network behind Tx-UE for mode-1.
Proposal 9 [bookmark: _Toc61348161]For sidelink unicast, support RTT timer and re-transmission timer. FFS on detailed behaviour for HARQ feedback being enabled/disabled.
For inactivity timer and retransmission timer:
· In Uu-DRX, the UE judge whether the grant is for its own by RNTI, which is fully carried by DCI.
· But in SL-DRX, the L2 ID is partially carried in SCI, and partially carried in PSSCH, i.e., MAC header

         
Figure 6 SL-SCH MAC subheader
So one thing unclear is whether the timer is started/stopped based on
1. PHY ID in SCI only;
2. PHY ID and MAC ID in MAC header jointly;
For retransmission timer, which is for HARQ transmission which anyway happens before MAC PDU decoding, only solution-1 is feasible.
While for inactivity timer, 
· If solution-1 is adopted, the UE may start inactivity timer unnecessarily, i.e., lead to power waste;
· Or if solution-2 is adopted, it is not clear yet how to solve the latency due to data channel decoding, i.e., PSSCH decoding, and HARQ retransmission
[bookmark: _Toc61348167]If use L1 ID in SCI to start inactivitytimer, it would lead to power waste, but if use L1 ID in SCI and L2 ID in MAC-header jointly, it would lead to additional latency due to HARQ retransmission and PSSCH decoding.
Proposal 10 [bookmark: _Toc61348162]RAN2 discuss whether to base on L1 ID in SCI only, or with L2 ID in SCI/MAC-header jointly to start inactivity timer.
Conclusion
We have the following observations:
Observation 1	There is no reason for a same cell, IDLE/INACTIVE UE and CONNECTED UE adopts different DRX configuration for broadcast/groupcast.
Observation 2	For sidelink unicast of RRC_CONNECTED UE, dedicated configuration (instead of relying on pre-configuration and SIB) would provide more flexibility to network and UE, to adapt with scheduling and parameter setting.
Observation 3	Without information of Tx-side traffic characteristics and resource configuration, it is not feasible to rely on Rx-UE to make a final decision on the DRX configuration.
Observation 4	Dynamic DRX based on inactivitytimer would cause packet loss to broadcast.
Observation 5	If use L1 ID in SCI to start inactivitytimer, it would lead to power waste, but if use L1 ID in SCI and L2 ID in MAC-header jointly, it would lead to additional latency due to HARQ retransmission and PSSCH decoding.

We have the following proposals:
Proposal 1	For sidelink broadcast and groupcast, the DRX configuration is delivered to Tx-UE and Rx-UE from pre-configuration for OOC scenario and from SIB for IC scenario.
Proposal 2	For sidelink unicast, before receiving DCR message, Rx-UE follows the DRX mechanism for broadcast for DCR messages sent in broadcast manner, and FFS on the DRX behaviour for DCR messages sent in unicast manner.
Proposal 3	For sidelink unicast, DRX configuration is delivered to UE from dedicated RRC for CONNECTED UE. FFS for other cases (i.e., OOC scenario, and IC IDLE/INACTIVE scenarios)
Proposal 4	For sidelink unicast, after receiving DCR message, Rx-UE enters into active time until receiving dedicated DRX configuration from Tx-UE via RRCReconfigurationSidelink.
Proposal 5	For sidelink unicast, RAN2 discuss whether to introduce an assistance message from Rx-UE to send preferred DRX configuration (FFS on the content) to Tx-UE.
Proposal 6	For sidelink broadcast, RAN2 discuss whether to support long DRX cycle and onDuration timer or rely on Rx pool configuration by implementation for power saving.
Proposal 7	For sidelink groupcast, DRX mechanism for broadcast is used as baseline.
Proposal 8	For sidelink unicast, support long DRX cycle, onDuration timer and inactivity timer, but not support short DRX cycle.
Proposal 9	For sidelink unicast, support RTT timer and re-transmission timer. FFS on detailed behaviour for HARQ feedback being enabled/disabled.
Proposal 10	RAN2 discuss whether to base on L1 ID in SCI only, or with L2 ID in SCI/MAC-header jointly to start inactivity timer.
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