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1 Introduction

In this contribution, we discuss remaining open issues on sidelink DRX.
2 Discussion
2.1 Unicast 
2.1.1 Sidelink DRX configuration

It’s agreed the unicast sidelink DRX configuration is per direction for OOC. However, it’s still FFS whether unicast sidelink DRX configuration is per direction for IC. Within the same source-destination pair, the traffic may be different on the two directions. Directional DRX configuration could achieve better power saving performance. Furthermore, it’s possible only UE on one side requires power saving. For example, in V2P, only pedestrian UE requires DRX, while vehicle UE doesn’t need DRX. Therefore, the SL DRX should be configured per direction also in IC.

Proposal 1: Unicast sidelink DRX configuration is per direction for IC.

In last meeting, TX centric DRX configuration determination is agreed. TX UE side, including TX UE or TX UE’s gNB, determines the DRX configuration and sends DRX configuration via RRCReconfigurationSidelink to RX UE. However, RX UE shall also be allowed to accept or reject the received DRX configuration. Currently, if RX UE is able to apply the sidelink configuration carried RRCReconfigurationSidelink, RX UE would send RRCReconfigurationCompleteSidelink. Otherwise, RX UE would send RRCReconfigurationFailureSidelink. TX UE can know whether the configuration is applied or not. We understand the intention of this procedure is mainly focused on configuration error. However, it’s agreed RX UE could reject the received DRX configuration, even if there is no configuration error or conflict. There may be two possible reasons for DRX configuration failure, there is configuration error or RX UE rejects the DRX configuration. If we reuse the existing procedure for both cases, TX UE can’t tell the cause of DRX configuration failure and not be able to decide the next step.
Furthermore, the sidelink configuration carried in RRCReconfigurationSidelink may include both DRX configuration and non-DRX configuration. It’s possible UE reject the DRX configuration while the non-DRX configuration is successfully applied. If we reuse the existing procedure for both types of configuration, TX UE can’t tell which type of configuration is failed in this case.

To resolve the above issues, the configuration error could reuse the existing procedure. New independent indication shall be introduced to inform TX UE the DRX configuration is reject or accept.
Proposal 2: If there is configuration error for the sidelink configuration carried in RRCReconfigurationSidelink, UE response with RRCReconfigurationFailureSidelink, otherwise, UE response with RRCReconfigurationCompleteSidelink.

Proposal 3: Introduce new indication for RX UE to inform TX UE the sidelink DRX configuration accept or reject on sidelink.
Following proposal 3, we may further discuss how to carry the new indication. There are two possible options,
Option 1, carried via RRCReconfigurationCompleteSidelink;

Option 2, carried via new PC5-RRC message.

The advantage of option 1 is the TX UE could immediately confirm whether DRX configuration is applicable. In option 2, TX UE has to combine the new message and legacy messages to determine the configuration application, which would result in more signalling and longer delay. 
Proposal 4: Indication of DRX configuration accept or reject is carried in RRCReconfigurationCompleteSidelink.
When TX UE receives the RRCReconfigurationCompleteSidelink message, TX UE shall check the indication of DRX configuration accept or reject to determine whether the sidelink DRX configuration carried in corresponding RRCRecofigurationSidelink is applied or not by RX UE. While the sidelink configuration other than DRX carried in corresponding RRCRecofigurationSidelink is applied by RX UE upon the reception of RRCReconfigurationCompleteSidelink message, regardless of the new indication.

Proposal 5: TX UE checks the indication of DRX configuration accept or reject in RRCReconfigurationCompleteSidelink to determine whether the sidelink DRX configuration carried in corresponding RRCRecofigurationSidelink is applied or not by RX UE

Proposal 6: TX UE considers the Sidelink configuration other than DRX carried in corresponding RRCRecofigurationSidelink applied by RX UE upon reception of RRCReconfigurationCompleteSidelink.
It’s agreed RX UE’s sidelink DRX configuration is provided by gNB if TX UE is in RRC_CONNECTED. Therefore, CONNECTED TX UE shall indicate RX UE’s reject or reception to gNB. gNB could choose to reconfigure sidelink DRX configuration.

Proposal 7: CONNECTED TX UE indicate RX UE’s reject or reception of sidelink DRX to gNB.

2.1.2 Assistance information
It’s agreed RX UE may include its desired SL DRX configuration in the assistance information. It’s unclear how RX UE determines desired DRX configuration. We understand RX UE could consider Uu DRX configuration and SL DRX configuration on other destinations to derive the desired SL DRX configuration. These existing DRX configuration should be reused as much as possible to minimize active time. However, the DRX configuration may be different in Uu DRX and other SL DRX configuration. So, it’s difficult to derive one set of DRX configuration to cover all active time determined by Uu DRX and other SL DRX. Therefore, multiple sets of SL DRX configuration could be included in assistance information, each set of SL DRX configuration corresponds to Uu DRX or SL DRX on other destinations.

Proposal 8: Multiple sets of preferred SL DRX configuration could be included in assistance information, each set of SL DRX configuration corresponds to Uu DRX or SL DRX on other destinations.
Besides the desired SL DRX, we also see the benefit to include undesired SL DRX configuration in assistance information. In case TX UE can’t follow RX UE’s desired SL DRX configuration, TX UE shall also try to avoid making RX UE’s active time overlapping with UL/SL transmission, since sidelink operates in half-duplex mode. If sidelink active time overlaps with SL transmission or UL transmission, RX UE can’t monitor PSCCH reception. But TX UE is not aware of the SL/UL resource scheduling at RX UE. Therefore, the sidelink transmission within the overlapping period would be lost. The dynamic scheduling is up to gNB’s implementation and unpredictable. But the resources for configured UL/SL grant is predictable. To avoid the conflict between sidelink DRX and configured UL/SL grant, RX UE could provide the activated UL/SL grant resource allocation, e.g. period and starting offset, to TX UE. TX UE could determine the SL DRX to avoid the conflict as much as possible.

Proposal 9: RX UE provides undesired SL DRX configuration to TX UE in assistant information, i.e. its activated configured SL/UL grant resource allocation.
2.1.3 DRX alignment between TX and RX UE

It’s important for TX UE to know when RX UE is wake, so that TX UE could decide when to perform sidelink transmission to RX UE. Otherwise, data loss would happen if TX UE performs sidelink transmission to RX UE when it’s asleep. Currently, the DRX timer handling is only specified at RX UE side. It’s not clear how TX UE could know the timer running at RX UE. On Uu, the DRX handling at TX side is not specified, since RAN doesn’t restrict gNB’s implementation. But on sidelink, both TX and RX side are UE. To align with Uu design is not a valid reasoning to leave TX UE’s DRX handling unspecified.

Observation 1: To align with Uu design is not a valid reasoning to leave TX UE’s DRX handling unspecified.

Proposal 10: RAN2 to specify TX UE’s behaviour regarding sidelink DRX maintenance, i.e. TX UE shall maintain DRX timer running associate with RX UE to determine RX UE’s active time.

Sidelink operates in a half-duplex way. UE can’t monitor PSCCH if there is on-going sidelink transmission. Furthermore, UE can’t monitor PSCCH if there is on-going UL transmission, if the sidelink carrier is shared with UL. With the negotiation between UEs, the overlapping between SL on-duration timer and UL/SL transmission could be avoided as much as possible. However, the inactivity timer is started by PSCCH reception, which is unpredictable. SL/UL transmission may occur during DRX active time. The RX UE is not able to monitor SL if there is SL/UL transmission. TX UE is not aware of RX UE’s sidelink transmission and UL transmission activity. TX UE would still think RX UE is active according to local timer running. This misalignment would result in data loss and wasted power for TX UE. 

Furthermore, it’s agreed the SL DRX timer is calculated in the unit of physical slot. However, the sidelink reception resource may not be available in all physical slots. It’s pointless for UE to be active on these slots.

To avoid data loss and power wasting in this case, there may be two possible solutions,

Solution 1, RX UE indicates TX UE to stop all DRX timers, if the RX UE is not able to monitor SL due to SL/UL transmission in the rest time of inactivity timer running. Upon reception of this indication, TX UE could stop DRX timers associated with this RX UE. This is similar as sidelink DRX MAC CE, which is agreed for TX UE to send RX UE into inactive.
Solution 2, UE shall restart the inactivity timer, if UE performs UL/SL transmission during DRX active time. This would provide extended wake up time to achieve synchronization between TX UE and RX UE. However, UE may extend the wake up time unnecessarily with this solution and result in power waste
Compared these two options, solution 1 is more efficient and provides more power saving gain.

Proposal 11: If RX UE is not able to monitor SL in the rest time of on-duration or inactivity timer running, e.g. due to UL/SL transmission or lack of reception resource, RX UE sends indication to TX UE. TX UE stop DRX timers associated with RX UE.

2.2 Broadcast/Groupcast
2.2.1 DRX timer down selection

In last meeting, working assumption is made to perform down-selection for DRX cycle and on-duration for GC/BC when multiple QoS profiles are associated with the same DST L2 ID.

It’s agreed the startoffst is set based on L2 ID. However, according to following formulation, which is used to decide start subframe for Uu DRX,

[(SFN × 10) + subframe number] modulo (drx-LongCycle) = drx-StartOffset
For the same DST L2 ID, the startoffset is the same. But multiple DRX cycles would result in corresponding onduration timer start at different timing position. Therefore, multiple DRX cycle would increase the active time and result in more power consumption.

Observation 2: Multiple DRX cycles would result in corresponding onduration timer start at different timing position and longer active time.

It’s agreed RX UE’s active time shall be considered in LCP. MAC entity of TX UE is not aware of the QoS carried in LCH, only the destination and priority are visible. If multiple DRX cycles are maintained, TX UE can’t select DRX cycle based on QoS of available data in LCH. So, TX UE can only select the nearest active time, regardless whether this active time is associated with the QoS of available data or not. In this sense, the shortest DRX cycle could provide the same delay requirement. Multiple DRX cycles doesn’t provide gain on QoS performance.

Observation 3: Multiple DRX cycles doesn’t provide gain on QoS performance, because MAC entity of TX UE can’t select active time of multiple DRX cycle based on QoS.

Some companies think downselection would result in RX UE always wakeup. But we understand that’s caused by improper downselection. With proper down-selection, RX UE would only wake up according to DRX cycle and onduration timer belong to one set of DRX configuration. RX UE wouldn’t always wakeup.

Observation 4: With proper down selection rule, UE wouldn’t always wake up.

As discussed in [1], all companies agree to select smallest DRX cycle. Because there is direct relation between PDB and DRX cycle, which is smaller PDB requries smaller DRX cycle. The smallest DRX cycle could fulfill the most strigendent PDB requirement.

Proposal 12: Confirm the WA pf down-selection for DRX cycle and on-duration for GC/BC when multiple QoS profiles are associated with the same DST L2 ID.
For the on-duration timer, following options were proposed in [1],

· Option-1: Select the length of the on-duration timer associated with the QoS profile whose priority level is the highest.

· Option-2: Select the length of the on-duration timer associated with the QoS profile whose PDB is the smallest.

· Option-3: Select the length of the on-duration timer whose on-duration timer length is the smallest.

· Option-4: Select the length of the on-duration timer whose on-duration timer length is the longest.

· Option-5: Select the length of the on-duration timer associated with the QoS profile, which is associated with the selected DRX cycle.

The key issue is how to avoid UE to be always wakeup. In Option 1-4, the selected on-duration timer and selected DRX cycle may be associated to different QoS, which may result in selected on-duration timer may be longer than DRX cycle and UE would always wake up. Therefore, option 1-4 are not preferred. With option 5, the on-duration timer and DRX cycle are associated with the same QoS profile. UE would not always wake up. 

Proposal 13: Select the length of the on-duration timer associated with the QoS profile, which is associated with the smallest DRX cycle.

2.2.2 DRX timer handling in NACK only feedback

In RAN2 113 meeting, it’s agreed If the RX UE does not transmit PSFCH for a HARQ enabled transmission (e.g. due to UL/SL prioritization) the RX UE still starts the HARQ RTT timer in the symbol/slot following the end of PSFCH resource. Note there two types of HARQ feedback in groupcast, i.e. NACK only or NACK and ACK. In NACK only feedback, RX UE would not transmit feedback upon successful decoding and TX UE would consider transmission successful. There would be no retransmission. RX UE should not wake up. In [2], rapporteur gives following proposal,

	(12/17) Proposal 20: RAN2 confirms that #113-e meeting's agreement below does not apply to GC NACK only.

“If the RX UE does not transmit PSFCH for a HARQ enabled transmission (e.g. due to UL/SL prioritization or ACK) the RX UE still starts the HARQ RTT timer in the symbol/slot following the end of PSFCH resource.”


To prevent RX UE to wake up in NACK only feedback, there are two options,
1. RX UE doesn’t start RTT timer if PSFCH is dropped. Naturally, retransmission timer would not start since RTT timer didn’t start.
2. RX UE starts RTT timer even if PSFCH is dropped, but doesn’t start retransmission timer upon RTT timer expiry.

Both option could prevent RX UE to wake up. But option 1 is simpler and friendly to UE, since UE doesn’t need to maintain RTT timer which results in nothing.
Proposal 14: In NACK only HARQ feedback, UE does not start the HARQ RTT timer, if PSFCH is not transmitted.

3 Conclusion
Based on the discussion in section 2, we have following proposals:

Proposal 1: 
Unicast sidelink DRX configuration is per direction for IC.

Proposal 2: 
If there is configuration error for the sidelink configuration carried in RRCReconfigurationSidelink, UE response with RRCReconfigurationFailureSidelink, otherwise, UE response with RRCReconfigurationCompleteSidelink.

Proposal 3: 
Introduce new indication for RX UE to inform TX UE the sidelink DRX configuration accept or reject on sidelink.

Proposal 4: 
Indication of DRX configuration accept or reject is carried in RRCReconfigurationCompleteSidelink.

Proposal 5: 
TX UE checks the indication of DRX configuration accept or reject in RRCReconfigurationCompleteSidelink to determine whether the sidelink DRX configuration carried in corresponding RRCRecofigurationSidelink is applied or not by RX UE

Proposal 6: 
TX UE considers the Sidelink configuration other than DRX carried in corresponding RRCRecofigurationSidelink applied by RX UE upon reception of RRCReconfigurationCompleteSidelink.

Proposal 7: 
CONNECTED TX UE indicate RX UE’s reject or reception of sidelink DRX to gNB.

Proposal 8: 
Multiple sets of preferred SL DRX configuration could be included in assistance information, each set of SL DRX configuration corresponds to Uu DRX or SL DRX on other destinations.

Proposal 9: 
RX UE provides undesired SL DRX configuration to TX UE in assistant information, i.e. its activated configured SL/UL grant resource allocation.

Observation 1: 
To align with Uu design is not a valid reasoning to leave TX UE’s DRX handling unspecified.

Proposal 10: 
RAN2 to specify TX UE’s behaviour regarding sidelink DRX maintenance, i.e. TX UE shall maintain DRX timer running associate with RX UE to determine RX UE’s active time.

Proposal 11: 
If RX UE is not able to monitor SL in the rest time of on-duration or inactivity timer running, e.g. due to UL/SL transmission or lack of reception resource, RX UE sends indication to TX UE. TX UE stop DRX timers associated with RX UE.

Observation 2: 
Multiple DRX cycles would result in corresponding onduration timer start at different timing position and longer active time.

Observation 3: 
Multiple DRX cycles doesn’t provide gain on QoS performance, because MAC entity of TX UE can’t select active time of multiple DRX cycle based on QoS.

Observation 4: 
With proper down selection rule, UE wouldn’t always wake up.

Proposal 12: 
Confirm the WA pf down-selection for DRX cycle and on-duration for GC/BC when multiple QoS profiles are associated with the same DST L2 ID.
Proposal 13: 
Select the length of the on-duration timer associated with the QoS profile, which is associated with the smallest DRX cycle.

Proposal 14: 
In NACK only HARQ feedback, UE does not start the HARQ RTT timer, if PSFCH is not transmitted.
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