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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 RAN2 #113e meeting, some agreements related to SL communication impact on Uu DRX were reached as shown below [2]:
	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.


In this contribution, we will discuss some more detailed SL communication impact on Uu DRX timers and provide corresponding proposals. In addition, we will also focus on the objective of “Specify mechanism aiming to align sidelink DRX wake-up time with Uu DRX wake-up time in an in-coverage”, and discuss some problems with respect to the alignment between Uu DRX and SL DRX.
[bookmark: _Ref129681832]Discussion
SL communication impact on Uu DRX
Impact on Uu DRX with SL new transmission
In current Uu DRX mechanism, the UE starts or restarts the drx-InactivityTimer to keep monitoring potential new transmission scheduling if the UE receives a PDCCH for DL or UL new transmission. This efficient mechanism for receiving new transmission scheduling is also applied to SL traffic, i.e., in LTE, if the UE receives a PDCCH for SL new transmission, the UE starts or restarts the drx-InactivityTimer. Regarding to NR sidelink transmission on Uu DRX, similar principle should be reused in Rel-17. 
Proposal 1: As in LTE DRX, the UE starts or restarts the drx-InactivityTimer if the UE receives a PDCCH indicating a new SL transmission.
Impact on Uu DRX with SL retransmission 
Case 1: UE is configured with sl-PUCCH-Config
In NR sidelink, HARQ feedback based retransmission has been introduced. For SL Mode 1, if the UE is configured with sl-PUCCH-Config, the gNB will schedule a SL retransmission via PDCCH if NACK for the pervious SL transmission is received from the UE via PUCCH. If the UE is configured with Uu DRX, then one issue is how to guarantee the UE is in active time when the gNB wants to schedule the SL retransmission for the UE. With current DRX mechanism, it may happen that the SL retransmission needs to be delayed to the OnDuration in the next DRX cycle as shown in Figure 1.
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[bookmark: _Ref67039656]Figure 1 
To address the above issue in the case when UE is configured with sl-PUCCH-Config, the simplest way is to introduce two HARQ related timer, i.e. drx-HARQ-RTT-TimerSL and drxRetransmssionTimerSL for each SL HARQ process, which should be configured and operate similarly with drx-HARQ-RTT-TimerDL and drx-RetransmissionTimerUL. The values of these two timers are configured by gNB.
· drx-RetransmissionTimerSL (per Sidelink process): the maximum duration until a grant for SL retransmission is received;
· drx-HARQ-RTT-TimerSL (per Sidelink process): the minimum duration before a SL HARQ retransmission grant is expected by the MAC entity.
Proposal 2: For the case when UE is configured with sl-PUCCH-Config, define two HARQ related timer, i.e. drx-HARQ-RTT-TimerSL and drx-RetransmssionTimerSL for each SL HARQ process. The values of these two timers are configured by gNB.
· drx-RetransmissionTimerSL (per Sidelink process): the maximum duration until a grant for SL retransmission is received;
· drx-HARQ-RTT-TimerSL (per Sidelink process): the minimum duration before a SL HARQ retransmission grant is expected by the MAC entity.
For the operation of these two timers, the UE behaviours similar with the DL HARQ timers can be defined. To be more specific, we have the following proposals:
Proposal 3: If the UE needs to send the SL HARQ feedback via the PUCCH to the gNB, the UE shall:
· Start the drx-HARQ-RTT-TimerSL for the corresponding SL HARQ process in the first symbol after the end of the PUCCH resources carrying the SL HARQ feedback;
· Stop the drx-RetransmissionTimerSL for the corresponding HARQ process.
Proposal 4: Upon the expiry of a drx-HARQ-RTT-TimerSL, and the data of the corresponding SL HARQ process has not been successfully transmitted via the sidelink, the UE shall:
· Start the drx-RetransmissionTimerSL for the corresponding HARQ process in the first symbol after the expiry of drx-HARQ-RTT-TimerSL.
[bookmark: OLE_LINK11]With the introduction of drx-HARQ-RTT-TimerSL and drx-RetransmssionTimerSL, the SL retransmission can be scheduled during drx-RetransmssionTimerSL instead of being delayed to the next DRX cycle.
Case 2: UE is configured without sl-PUCCH-Config
As mentioned above, if sl-PUCCH-Config is configured, the UE is able to transmit HARQ feedback for SL transmission to the gNB. In this case, the impacts of SL retransmission on Uu DRX as proposed above are similar to the existing Uu mechanism defined for DL retransmission. 
[bookmark: OLE_LINK14][bookmark: OLE_LINK15]However, it should be noticed that blind retransmission is supported in Rel-16 NR SL, i.e., the UE can be configured without sl-PUCCH-Config. In this case, the gNB is not able to receive HARQ feedback for SL communication and can only perform blind SL retransmission scheduling for the UE. Similar to Case 1, if the UE cannot extend the active time, the gNB shall schedule the SL retransmission resource on the next OnDuration time, which is less-efficient. Therefore, in order to avoid this transmission delay, the solution proposed for Case 1 should be reused for Case 2, i.e., rely on drx-RetransmissionTimerSL to extend the active time to monitor PDCCH for retransmission. 
However, as there is no PUCCH configured, which is different from the Uu situation, the UE does not transmit HARQ feedback for SL transmission to the gNB and when to schedule the blind retransmission is all up to the gNB’s implementation, e,g., it is possible that an immediate retransmission is scheduled at the end of the previous transmission to reduce the retransmission delay. Therefore, from this perspective, it seems not necessary to run the HARQ RTT timer for this case, since there is no need to consider the processing time of HARQ feedback at the network side and when to perform retransmission scheduling is all up to the network implementation. 
Proposal 5: For the case where UE is configured without sl-PUCCH-Config, the UE does not start the drx-HARQ-RTT-TimerSL for the corresponding SL HARQ process. 
[bookmark: OLE_LINK16][bookmark: OLE_LINK17]Without drx-HARQ-RTT-TimerSL timer running, the time point to start the drx-RetransmissionTimerSL should be further discussed. First of all, without sl-PUCCH-Config, it is not feasible for the UE to start the drx-RetransmissionTimerSL after the end of PUCCH resource. In addition, one more thing we should keep in mind is that the gNB is able to schedule the UE with up to 3 sidelink resource through one DCI and in this case, the following time points to start the drx-RetransmissionTimerSL can be considered for the UE:
· Alt1: the first symbol after the end of PDCCH resource
· Alt2: the first symbol after the end of each PSCCH resource
· Alt3: the first symbol after the end of each PSSCH resource
· Alt4: the first symbol after the end of last PSCCH resource scheduled through one DCI
· Alt5: the first symbol after the end of last PSSCH resource scheduled through one DCI
For the case where the gNB schedules more than one sidelink transmission opportunity through one DCI, it is reasonable to assume that a blind retransmission will not be scheduled before the UE finishes all the transmission opportunities scheduled through a prior DCI. In this case, it is too aggressive to adopt Alt 1 or Alt 2 or Alt 3 which wakes up the UE frequently and increases the power consumption unnecessarily but actually a smart network will not perform blind retransmission during this time. Therefore, based on the above analysis, the UE shall start drx-RetransmissionTimerSL after the end of last sidelink transmission opportunity scheduled through one DCI and in order to save the UE power as much as possible, the most suitable time point is the first symbol after the end of last PSSCH resource.
Proposal 6: For the case where UE is configured without sl-PUCCH-Config, the UE shall start drx-RetransmissionTimerSL timer at the first symbol after the end of last PSSCH resource scheduled through one DCI.
Alignment between Uu DRX and SL DRX
In this section, we focus on the objective of “Specify mechanism aiming to align sidelink DRX wake-up time with Uu DRX wake-up time in an in-coverage”. There are two ways to interpret the objective of “Specify mechanism aiming to align sidelink DRX wake-up time with Uu DRX wake-up time in an in-coverage”. On one hand, from the perspective of alignment between Tx UE’s Uu DRX and Rx UE’s SL DRX, this is related to ensuring the SL grant scheduling during the RX UE’s active time; on the other hand, from the perspective of alignment between Rx UE’s SL and Rx UE’s Uu DRX, this objective is to save the Rx UE’s power consumption. The related problems are discussed in detail in the following part. 
In addition, companies are still discussing how to configure the SL DRX configuration, i.e., Tx centric or Rx centric or some coordinated mechanism for SL uncast. However, no consensus was achieved. Reasonably, we assume RAN2 will make final decision on this issue and before that we would like to have a discussion on the Uu DRX and SL DRX alignment with both Rx centric scheme and Tx centric scheme taking into account.
Alignment between Tx UE’s Uu DRX and Rx UE’s SL DRX
Problem description
[bookmark: OLE_LINK91][bookmark: OLE_LINK92][bookmark: OLE_LINK93][bookmark: OLE_LINK94]In Uu communication, if UE is configured with Uu DRX, the UE only monitors PDCCH during the active time of its Uu DRX. Similarly, in SL communication, if an Rx UE configured with SL DRX is communicating with a Tx UE, the Rx UE only monitors PSCCH during the active time of its SL DRX as per the current agreement achieved in last meeting. In addition, in case the Tx UE works on Mode-1, it should monitor PDCCH for SL grant scheduling and the scheduled SL grant should occur at the active time of Rx UE’s SL DRX. According to the Rel-16 design, the DCI scheduling the SL grant includes a 3-bit field “Time gap”, of which the allowed value is determined by RRC parameter sl-DCI-ToSL-Trans. To be more detailed, sl-DCI-ToSL-Trans parameter includes eight values and gNB indicates one of the eight values in “Time gap” field of DCI. Then the Tx UE uses the “Time gap” field to calculate the timing of SCI transmission upon receiving the DCI for SL grant. The following Figure 3 illustrates a normal SL grant scheduling case.
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Figure 3. A normal SL grant scheduling case
If no coordination is performed, it is possible that the SL grant scheduled for the Tx UE during its Uu DRX active time does not fall into the SL DRX active time of the peer Rx UE. 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., in the following Figure 4, the SCI scheduling the SL grant corresponding to the DCI within the Tx UE’s Uu DRX active time is not within the Rx UE’s SL DRX active time, or in Figure 5, the DCI scheduling the SL grant corresponding to the SCI within the RX UE’s SL DRX active time is not within the Tx UE’s Uu DRX active time.
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Figure 4. Tx UE’s Uu is active while corresponding Rx UE’s SL is inactive
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Figure 5. Rx UE’s SL is active while corresponding Tx UE’s Uu is inactive
Proposal 7: Coordination between Tx UE’s Uu DRX and Rx UE’s SL DRX should be discussed 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.
Potential solution
In this section, we discuss the scheme to align the Tx UE’s Uu DRX and Rx UE’s SL DRX with both Tx UE centric scheme and Rx UE centric scheme taking into account. 
· Tx UE centric scheme:
Considering the Tx UE centric scheme where the SL DRX parameters are decided by Tx UE or the gNB of the Tx UE, the Tx UE or the corresponding gNB can consider the alignment between Tx UE’s Uu DRX and Rx UE’s SL DRX when deciding the SL DRX by implementation. For example, the Tx UE or the corresponding gNB can configure a SL DRX which is aligned with the Uu DRX of the TX UE for the Rx UE, or the gNB can adjust Tx UE’s Uu DRX to align with the SL DRX of the Rx UE.
Proposal 8: Tx UE or gNB of Tx UE is responsible for the alignment between Tx UE’s Uu DRX and Rx UE’s SL DRX in Tx UE centric scheme and this can be left to UE or NW implementation.
· Rx UE centric scheme:
In Rx UE centric scheme, the SL DRX parameters are decided by Rx UE, after which Rx UE will provide the configured SL DRX parameters to its peer Tx UE. In addition, considering that the gNB is responsible for the SL grant scheduling in mode 1, Tx UE can transmit the SL DRX parameters decided by Rx UE to its gNB. Hence, in this case, the alignment of Tx UE’s Uu DRX and Rx UE’s SL DRX can be done by the Tx UE’s gNB which is responsible for SL grant scheduling. One possible solution is after the reception of the Rx UE’s SL DRX configuration, the gNB reconfigures the Tx UE’s Uu DRX to achieve this kind of alignment. 
On the other hand, besides the Tx UE’s connected gNB, another option is to rely on the the Rx UE to make some alignment when determining the SL DRX configuration. In this case, some assistance from the Tx UE to the Rx UE is needed, i.e., Uu DRX configuration of the Tx UE. After reception of the assistance information, the Rx UE takes it into consideration when determining the SL DRX configuration to avoid any misalignment between the Tx UE’s Uu DRX and the SL DRX. 
Proposal 9: Considering the alignment between Tx UE’s Uu DRX and Rx UE’s SL DRX in Rx UE centric scheme, RAN2 to discuss the following two options.
· Option 1: Tx UE informs the serving gNB of its received SL DRX configuration from Rx UE and the gNB is responsible of the alignment.
· Option 2: Tx UE informs Rx UE of the configured Tx UE’s Uu DRX configuration as assistance information and the Rx UE makes alignment when determining the SL DRX configuration.
Alignment between Rx UE’s Uu DRX and Rx UE’s SL DRX
Problem description
As listed in the objective in section 2.2, we think another perspective to align the sidelink DRX wake-up time with Uu DRX wake-up time is from the power saving perspective of Rx UE, which means to align the Uu DRX active time and SL DRX active time for the Rx UE, if the Rx UE supports simultaneous reception on Uu and PC5. As illustrated in Figure 6, it is most power efficient if the active times are completely overlapped for the Rx UE. 
Observation 1: It is power efficient if the Uu DRX active time and SL DRX active time of the Rx UE is overlapped, if the Rx UE supports simultaneous reception on Uu and PC5.
[image: ]
Figure 6. Illustration of alignment between Uu DRX active time and SL DRX active time
It should be noticed that the Rx UE may be in RRC_INACTIVE or RRC_IDLE state where the Rx UE is configured with Uu DRX for paging. To be more detailed, the Rx UE determines the PF and PO based on the paging DRX configuration to monitor PDCCH for paging message. Therefore, when considering the alignment between Uu DRX and SL DRX from the RX UE’s perspective, not only the Uu DRX configured for connected mode but also the Uu DRX for paging should be taken into account.
Proposal 10: When discussing the alignment between the Rx UE’s Uu DRX active time and Rx UE’s SL DRX active time, all DRX configurations for different RRC states should be taken into account.
Potential solution
In this section, we discuss the scheme to align the Rx UE’s Uu DRX and Rx UE’s SL DRX with both Tx UE centric scheme and Rx UE centric scheme taking into account. 
· Tx UE centric scheme:
Similar to the analysis in Section 2.2.1, either Tx UE or the serving gNB of Rx UE is able to perform the alignment. To be more detailed, if it is pending on the Tx UE or its serving gNB to determine the SL DRX configuration, then the Rx UE can inform its Uu DRX configuration as assistance information to Tx UE. Then it can be up to the implementation of Tx UE or the Tx UE forward the received assistance information to the connected gNB and then its serving gNB ensures the alignment so that the power consumption can be the most efficient from the Rx UE’s perspective. Obviously, the assistance information can include both the Rx UE’s Uu DRX configuration for connected mode as well as the Uu DRX for paging.
Alternatively, it can be up to the serving gNB of the Rx UE to ensure the alignment between Uu DRX active time and SL DRX active time for the Rx UE in case the Rx UE is in RRC_CONNECTED state. For example, when receiving the SL DRX configuration from peer Tx UE, the Rx UE can transfer this SL DRX configuration to its serving gNB so that the gNB can adjust the Uu DRX configuration for the Rx UE.
Proposal 11: Considering the alignment between Rx UE’s Uu DRX and Rx UE’s SL DRX in Tx UE centric scheme, RAN2 to discuss the following two options.
· Option 1: Rx UE informs Tx UE of the configured Rx UE’s Uu DRX configuration as assistance information and Tx UE or Tx UE’s serving gNB makes the alignment when determining the SL DRX configuration.
· Option 2: Rx UE informs the serving gNB of its received SL DRX configuration from Tx UE and the gNB is responsible of the alignment, e.g., adjust the Uu DRX configuration for the Rx UE.
· Rx UE centric scheme:
Considering the Rx UE centric scheme where the SL DRX parameters are decided by Rx UE itself, Rx UE can consider the alignment between its Uu DRX and its SL DRX by implementation. For example, Rx UE can configure a SL DRX of which the active time is aligned with its Uu DRX active time directly for power saving.
Proposal 12: Rx UE is responsible for the alignment between Rx UE’s Uu DRX and Rx UE’s SL DRX in Rx UE centric scheme and this can be left to Rx UE’s implementation.
Conclusions
In this contribution, we discussed impact on Uu DRX timers related to SL new scheduling and retransmission scheduling and discussed alignment between Uu DRX and SL DRX, the following observations and proposals are provided:
Proposal 1: As in LTE DRX, the UE starts or restarts the drx-InactivityTimer if the UE receives a PDCCH indicating a new SL transmission.
Proposal 2: For the case when UE is configured with sl-PUCCH-Config, define two HARQ related timer, i.e. drx-HARQ-RTT-TimerSL and drx-RetransmssionTimerSL for each SL HARQ process. The values of these two timers are configured by gNB.
· drx-RetransmissionTimerSL (per Sidelink process): the maximum duration until a grant for SL retransmission is received;
· drx-HARQ-RTT-TimerSL (per Sidelink process): the minimum duration before a SL HARQ retransmission grant is expected by the MAC entity.
Proposal 3: If the UE needs to send the SL HARQ feedback via the PUCCH to the gNB, the UE shall:
· Start the drx-HARQ-RTT-TimerSL for the corresponding SL HARQ process in the first symbol after the end of the PUCCH resources carrying the SL HARQ feedback;
· Stop the drx-RetransmissionTimerSL for the corresponding HARQ process.
Proposal 4: Upon the expiry of a drx-HARQ-RTT-TimerSL, and the data of the corresponding SL HARQ process has not been successfully transmitted via the sidelink, the UE shall:
· Start the drx-RetransmissionTimerSL for the corresponding HARQ process in the first symbol after the expiry of drx-HARQ-RTT-TimerSL.
Proposal 5: For the case where UE is configured without sl-PUCCH-Config, the UE does not start the drx-HARQ-RTT-TimerSL for the corresponding SL HARQ process. 
Proposal 6: For the case where UE is configured without sl-PUCCH-Config, the UE shall start drx-RetransmissionTimerSL timer at the first symbol after the end of last PSSCH resource scheduled by one DCI.
Proposal 7: Coordination between Tx UE’s Uu DRX and Rx UE’s SL DRX should be discussed 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 8: Tx UE or gNB of Tx UE is responsible for the alignment between Tx UE’s Uu DRX and Rx UE’s SL DRX in Tx UE centric scheme and this can be left to UE or NW implementation.
Proposal 9: Considering the alignment between Tx UE’s Uu DRX and Rx UE’s SL DRX in Rx UE centric scheme, RAN2 to discuss the following two options.
· Option 1: Tx UE informs the serving gNB of its received SL DRX configuration from Rx UE and the gNB is responsible of the alignment.
· Option 2: Tx UE informs Rx UE of the configured Tx UE’s Uu DRX configuration as assistance information and the Rx UE makes alignment when determining the SL DRX configuration.
Observation 1: It is power efficient if the Uu DRX active time and SL DRX active time of the Rx UE is overlapped, if the Rx UE supports simultaneous reception on Uu and PC5.
Proposal 10: When discussing the alignment between the Rx UE’s Uu DRX active time and Rx UE’s SL DRX active time, all DRX configurations for different RRC states should be taken into account.
Proposal 11: Considering the alignment between Rx UE’s Uu DRX and Rx UE’s SL DRX in Tx UE centric scheme, RAN2 to discuss the following two options.
· Option 1: Rx UE informs Tx UE of the configured Rx UE’s Uu DRX configuration as assistance information and Tx UE or Tx UE’s serving gNB makes the alignment when determining the SL DRX configuration.
· Option 2: Rx UE informs the serving gNB of its received SL DRX configuration from Tx UE and the gNB is responsible of the alignment, e.g., adjust the Uu DRX configuration for the Rx UE.
Proposal 12: Rx UE is responsible for the alignment between Rx UE’s Uu DRX and Rx UE’s SL DRX in Rx UE centric scheme and this can be left to Rx UE’s implementation.
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