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1.	Introduction
In Rel-17, RAN2 decided to enhance NR sidelink for V2X. According to the WID [1], the specific objectives are below:
	1. 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



In this contribution, we investigate various technical issues on the Sidelink DRX for broadcast, groupcast, and unicast. 
2.	Discussion
2.1 Sidelink DRX Pattern or Configuration
Sidelink DRX pattern (e.g., DRX cycle, Onduration period) or configuration (e.g., DRX cycle, Onduration period, DRX operation related timer, etc) needs to be designed in consideration of the characteristics of Sidelink service and QoS requirements (e.g., PFI, PDB). For example, UEs that must satisfy QoS of the same Sidelink service may perform a Sidelink DRX operation using the same common Sidelink DRX pattern. When UEs use the same common Sidelink DRX pattern, there is an advantage of reducing the overhead for aligning the Sidelink DRX pattern between UEs.
It is necessary to consider not only the common Sidelink DRX pattern but also the UE specific Sidelink DRX pattern. For example, between UEs configured with PC5 Unicast Connection, it is necessary to consider operating the Sidelink DRX using PC5 Unicast specific Sidelink DRX pattern or configuration considering PC5 Unicast service characteristics. However, even for UEs using PC5 Unicast specific Sidelink DRX configuration through PC5 Unicast Connection, the UEs need to receive Sidelink data of other neighboring UEs as well, so it is necessary to use common Sidelink DRX configuration and PC5 Unicast specific DRX Configuration in parallel.

Observation 1: Sidelink DRX pattern (e.g., DRX cycle, Onduration period) or configuration (e.g., DRX cycle, Onduration period, DRX operation related timer, etc) needs to be designed in consideration of the characteristics of Sidelink service and QoS requirements (e.g., PFI). When performing Sidelink DRX operation, UEs can use Common Sidelink DRX configuration and PC5 unicast specific Sidelink DRX configuration.
Proposal 1. For Sidelink DRX operation, two types of Sidelink DRX pattern or configuration should be supported.
Proposal 2. UEs supporting the sidelink DRX operation can perform the sidelink DRX operation using the common Sidelink DRX configuration by default.
Proposal 3. UEs configured with PC5 Unicast Connection can use PC5 Unicast specific Sidelink DRX configuration and common Sidelink DRX configuration in parallel for Sidelink DRX operation.
2.2 Sidelink DRX Onduration and Offduration
Sidelink DRX Onduration and Sidelink DRX Offduration should be defined for the sidelink DRX operation of the UEs. The On/Off period for the Sidelink DRX operation can be reused by inheriting the Uu DRX concept. In other words, Sidelink DRX Onduration can be defined as the minimum duration that should be awake for sidelink data reception when the Sidelink DRX cycle is configured. The Sidelink DRX Offduration can be a period excluding the Sidelink DRX Onduration from the Sidelink DRX Cycle when the Sidelink DRX cycle is configured. The UEs can operate in the sleep mode during the Sidelink DRX Offduration period. Besides, the UE should be able to operate in Active Time during the Sidelink DRX Offduration. That is, as in the Uu DRX operation, the sidelink DRX operation should support extending the Onduration to receive sidelink data, and the UE should be able to perform an Active Mode operation for sidelink retransmission reception.
Also, one issue is that the TX UE can indicate whether there is sidelink data to be sent to the RX UE in the Onduration period, so that the UE can obtain additional power saving gains in Onduration period. For example, when TX UE has a new TB for transmission, TX UE can transmit Wakeup Indication Signal (WIS) to RX UE before the transmission. RX UE keeps monitoring the WIS transmission. When it detects the WIS that indicates there is a sidelink transmission, RX UE wakes up at the indicated time instant, and it receives the Sidelink data that TX UE transmitted. However, If the RX UE detects the WIS that indicates there is no Sidelink Data to be transmitted from all neighboring TX UEs, the RX UE may early terminate the remaining Sidelink DRX Onduation.
Observation 2: The On/Off period for the Sidelink DRX operation can be reused by inheriting the Uu DRX concept.
Proposal 4. Sidelink DRX Onduration should be defined as the minimum period that should be awake to receive Sidelink data when the Sidelink DRX cycle is configured.
Proposal 5. Sidelink DRX Offduration is the period excluding the Sidelink DRX Onduration from the Sidelink DRX Cycle when the Sidelink DRX cycle is configured. During the Sidelink DRX Offduration, the UE is expected to be operated in Sleep mode.
Proposal 6. When a Sidelink DRX configured, at least Active Time includes the time while:
-  Sidelink DRX Onduration, Sidelink DRX Inactivity timer (if this time is defined in the Sidelink DRX Configuration) and Sidelink DRX retransmission timer (if this timer is defined in the Sidelink DRX Configuration)
Observation 3: If TX UE can send a wake-up indicator signal (WIS) indicating whether there is any Sidelink data to be sent to RX UE, based on WIS information, the RX UE may wake up to receive Sidelink data sent by the TX UE, or early terminate Sidelink DRX Onduration for power saving.
Proposal 7. Wakeup Indication Signal (WIS) can be considered for following purpose in Sidelink DRX operation.
- WIS indicates a Sidelink transmission, which results in Sidelink Onduation activation or Sidelink Onduation termination.

2.3 Reuse Uu DRX timer
For Sidelink DRX operation, as in Uu DRX operation, Sidelink DRX related Timer should be defined. For example, as in Uu DRX operation, a timer for DRX Onduration extension is required, and a timer for Sidelink Retransmission should be also supported. Also, since sidelink communication is a communication between the UE and the UE, its characteristics are different from Uu communication, so the sidelink DRX operation may not work well only by inheriting the Uu DRX timer. In other words, it is necessary to study whether the Sidelink DRX works well with only the Timer supported by Uu DRX or whether it is necessary to define a new timer for Sidelink DRX operation. Another point to consider regarding the Sidelink DRX timer is that if the UE operates Sidelink DRX using a different Sidelink DRX configuration for each service or PC5 Unicast, it is necessary to consider how to configure and use the timer. For example, Uu DRX used a common DRX timer per MAC entity before supporting DRX for FR2. However, since DRX for FR2 is supported, separate DRX configuration and DRX timer for FR1 and FR2 are supported. Similarly, RAN2 can discuss whether to define an independent Sidelink DRX timer (e.g., Sidelink DRX Inactivity Timer, Sidelink DRX RTT timer, Sidelink DRX Retransmission timer) for each multiple Sidelink DRX Configuration or a common Sidelink DRX timer that is used in common. 
Observation 4: For Sidelink DRX operation, it is necessary to inherit and use Uu DRX timer. At least, DRX Inactivity Timer, DRX RTT timer, and DRX Retransmission timer should be supported for Sidelink DRX operation as well. It is necessary to study whether the Sidelink DRX works well with only the Timer supported by Uu DRX or whether it is necessary to define a new timer for Sidelink DRX operation.
Proposal 8. DRX Inactivity Timer, DRX RTT timer, and DRX Retransmission timer should be supported for Sidelink DRX operation as well.
Proposal 9. RAN2 should study whether the Sidelink DRX works well with only the Timer supported by Uu DRX or whether it is necessary to define a new timer for Sidelink DRX operation.

2.4 Alignment of Sidelink DRX pattern among UEs
It is necessary to align the Sidelink DRX pattern (e.g., DRX cycle, DRX Onduration) between UEs for correct operation (e.g., operation of On/Off duration) between UEs supporting the Sidelink DRX operation. The UE may transmit a Sidelink DRX pattern to a neighboring UEs (e.g., UEs without PC5 RRC Connection) or a target UEs (e.g., UEs with PC5 RRC Connection) through a PC5 RRC message or MAC CE. A UE with PC5 RRC Connection can exchange Sideink DRX pattern through a PC5 RRC message, and a UE without PC5 RRC Connection can exchange Sideink DRX pattern through MAC CE.
Observation 5: It is necessary to align Sidelink DRX pattern (e.g., DRX cycle, DRX Onduration) between UEs for correct operation (e.g., operation of On/Off duration) between UEs supporting Sidelink DRX operation.
Proposal 10. A UE with PC5 RRC Connection can exchange Sideink DRX pattern information through a PC5 RRC message, and a UE without PC5 RRC Connection can exchange Sideink DRX pattern information through MAC CE.

2.5 Alignment between Uu DRX and Sidelink DRX
It may not be easy to completely synchronize the Onduration period between Uu DRX and Sidelink DRX because target services are different from each other. However, Onduration of Uu DRX and SL DRX should be as close as possible as in the time domain, to reduce the DRX On/Off (e.g., RF On/Off for Uu DRX and RF On/Off for SL DRX) switching to at least reduce interruption caused by the transition time.
Observation 6: It is necessary to make the onduration of Uu DRX and Sidelink DRX as close as possible in the time domain to reduce the DRX On/Off switching to at least reduce the interruption caused by the transition time.
Proposal 11. The UE should report Sidelink DRX pattern (e.g., Sidelink DRX Cycle, Sidelink DRX onduration) information and QoS information of Sidelink service to network so that the network can set the Sidelink DRX onduration by aligning (or overlapping) it with Uu DRX Onduration in the time domain as much as possible.

2.6 Alignment between Sidelink DRX Onduration and Sidelink resource pool
If the Sidelink DRX Onduration of the Sidelink DRX configuration generated by the AS layer is outside the resource region of the Resource Pool, UE cannot perform sidelink transmission and sidelink reception. Therefore, Sidelink DRX Onduration should be set to align well with Sidelink resource pool.
Proposal 12. The Sidelink DRX Onduration should be overlapped with the Sidelink Resource Pool.
Proposal 13. The UE supports to report Sidelink DRX pattern information (e.g., Sidelink DRX Cycle, Sidelink DRX Onduration) and QoS information (e.g., PFI) of Sidelink service to network so that the network can configure the Sidelink DRX Onduration linked with the SL resource pool.

2.7 Interruption between Uu DRX (RF On/Off) and SL DRX (RF On/Off)
When the UE turns on/off the RF for Sidelink DRX operation, it may interfere with Uu link communication. For example, when the RF is turned on or off concerning the Sidelink DRX operation, Interruption may occur, resulting in a loss in Uplink TX (and Downlink RX) operation. Conversely, when the UE turns on/off RF for the Uu DRX operation, it may interfere with sidelink communication. Also, when RF is turned on or off concerning the Uu DRX operation, interruption may occur, resulting in a loss in Sidelink TX (and Sidelink RX) operation. According to RAN4 discussion, this kind of interference due to RF on and off may be problematic even for the inter-band case [2] [3]. Therefore, RAN2 should consider to support to reduce interruption caused by On/Off of RF for DRX operation. For example, when the UE attempts to enter DRX Offduration due to the expiration of Sidelink DRX Onduration, if a high-priority uplink packet occurs, it should not act to turn off the scheduled Sidelink RF. By not turning on/off the Sidelink RF, it may not interfere with uplink transmission.  
That is, RAN2 should consider compensating for packet loss (Sidelink packet loss or uplink packet loss) due to interference that occurs when turning DRX RF (RF for Sidelink DRX or RF for Uu DRX) On and Off.
Observation 7: When the UE turns on/off the RF for Sidelink DRX (or Uu DRX), it may interfere with Uu link (or Sidelink) communication.
Proposal 14. RAN2 should consider reducing the impact of interference caused by RF (i.e., RF of Uu/Sidelink DRX) On/Off.

2.8 Impact of resource allocation in Sidelink DRX operation
In Sidelink Resource Allocation, there are periodic resources (i.e., Sidelink Configured Grant, mode 2 periodic reserved resource). The issue to be considered concerning the sidelink DRX operation is whether to consider this periodic time of reserved resource as Active Time. If the periodic time of reserved resource is considered as Active Time, RAN2 should define sidelink DRX operation in the periodic time of reserved resource. If this periodic time is not considered as the Active Time, the UE operation when the periodic time of reserved resource is located in the Sidelink DRX Offduration may be left as a UE implementation.
Proposal 15. RAN2 should decide whether to consider periodic resource interval as Active Time of Sidelink DRX.

2.9 Uu DRX impacts to support Sidelink operation 
According to clause 5.7 of TS 38.321, the MAC entity may be configured by RRC with a DRX functionality that controls the UE's PDCCH monitoring activity for the MAC entity's C-RNTI, CS-RNTI, INT-RNTI, SFI-RNTI, SP-CSI-RNTI, TPC-PUCCH-RNTI, TPC-PUSCH-RNTI, and TPC-SRS-RNTI. When using DRX operation, the MAC entity shall also monitor PDCCH according to requirements found in 38.321. When in RRC_CONNECTED, if DRX is configured, for all the activated Serving Cells, the MAC entity may monitor the PDCCH discontinuously using the DRX operation.
For NR SL mode 1 and LTE SL mode 3, while served by NG-RAN, UE should monitor the PDCCH for the MAC entity's SL-RNTI and SLCS-RNTI. However, it has been not specified whether UE monitors the PDCCH for SL-RNTI and SLCS-RNTI, if DRX is configured. It seems clear that UE shall monitor the PDCCH for the MAC entity's SL-RNTI, SLCS-RNTI and SL Semi-Persistent Scheduling V-RNTI, if DRX is configured.
Proposal 16. When in RRC_CONNECTED, 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.
In 38.321, when a DRX cycle is configured, the Active Time includes the time while:
-	drx-onDurationTimer or drx-InactivityTimer or drx-RetransmissionTimerDL or drx-RetransmissionTimerUL or ra-ContentionResolutionTimer (as described in clause 5.1.5) is running; or
-	a Scheduling Request is sent on PUCCH and is pending (as described in clause 5.4.4); or
-	a PDCCH indicating a new transmission addressed to the C-RNTI of the MAC entity has not been received after successful reception of a Random Access Response for the Random Access Preamble not selected by the MAC entity among the contention-based Random Access Preamble (as described in clause 5.1.4).
In our view, when both DRX and NR SL mode 1 are configured, NG-RAN will properly configure drx-onDurationTimer and drx-InactivityTimer e.g. considering SL traffic patterns to be reported and DL/UL traffic patterns.
Meanwhile, drx-RetransmissionTimerDL and drx-RetransmissionTimerUL are defined for DL/UL retransmissions and not used for SL. These timers are related to DL retransmission reception and UL retransmission grant reception as specified in 38.321 (see below). They start and stop in relation with drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL.
-	drx-RetransmissionTimerDL (per DL HARQ process except for the broadcast 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 except for the broadcast 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.
We think that when both DRX and PUCCH reporting SL HARQ feedback are configured, drx-RetransmissionTimerSL and drx-HARQ-RTT-TimerSL should be configured and operate similarly with drx-RetransmissionTimerDL and drx-RetransmissionTimerUL. When UE reports SL HARQ feedback to NG-RAN, UE is expected to receive SL retransmission grant. Thus, it is desirable to specify when UE will monitor the PDCCH based on timers similar to drx-RetransmissionTimerDL and drx-RetransmissionTimerUL. Accordingly, we propose to specify drx-RetransmissionTimerSL and drx-HARQ-RTT-TimerSL in 38.321 for DRX.
Proposal 17. When both DRX and PUCCH sending HARQ-ACK are configured, drx-RetransmissionTimerSL and drx-HARQ-RTT-TimerSL with the following definitions can be configured and included in the Active Time:
-	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 retransmission grant is expected by the MAC entity.
3.	Conclusion
This contribution discussed a possible impact on RAN2 by sidelink DRX operation, which can be summarized as follows.
Observation 1: Sidelink DRX pattern (e.g., DRX cycle, Onduration period) or configuration (e.g., DRX cycle, Onduration period, DRX operation related timer, etc) needs to be designed in consideration of the characteristics of Sidelink service and QoS requirements (e.g., PFI). When performing Sidelink DRX operation, UEs can use Common Sidelink DRX configuration and PC5 unicast specific Sidelink DRX configuration.
Proposal 1. For Sidelink DRX operation, two types of Sidelink DRX pattern or configuration should be supported.
Proposal 2. UEs supporting the sidelink DRX operation can perform the sidelink DRX operation using the common Sidelink DRX configuration by default.
Proposal 3. UEs configured with PC5 Unicast Connection can use PC5 Unicast specific Sidelink DRX configuration and common Sidelink DRX configuration in parallel for Sidelink DRX operation.
Observation 2: The On/Off period for the Sidelink DRX operation can be reused by inheriting the Uu DRX concept.
Proposal 4. Sidelink DRX Onduration should be defined as the minimum period that should be awake to receive Sidelink data when the Sidelink DRX cycle is configured.
Proposal 5. Sidelink DRX Offduration is the period excluding the Sidelink DRX Onduration from the Sidelink DRX Cycle when the Sidelink DRX cycle is configured. During the Sidelink DRX Offduration, the UE is expected to be operated in Sleep mode.
Proposal 6. When a Sidelink DRX configured, at least Active Time includes the time while:
-  Sidelink DRX Onduration, Sidelink DRX Inactivity timer (if this time is defined in the Sidelink DRX Configuration) and Sidelink DRX retransmission timer (if this timer is defined in the Sidelink DRX Configuration)
Observation 3: If TX UE can send a wake-up indicator signal (WIS) indicating whether there is any Sidelink data to be sent to RX UE, based on WIS information, the RX UE may wake up to receive Sidelink data sent by the TX UE, or early terminate Sidelink DRX Onduration for power saving.
Proposal 7. Wakeup Indication Signal (WIS) can be considered for following purpose in Sidelink DRX operation.
- WIS indicates a Sidelink transmission, which results in Sidelink Onduation activation or Sidelink Onduation termination.
Observation 4: For Sidelink DRX operation, it is necessary to inherit and use Uu DRX timer. At least, DRX Inactivity Timer, DRX RTT timer, and DRX Retransmission timer should be supported for Sidelink DRX operation as well. It is necessary to study whether the Sidelink DRX works well with only the Timer supported by Uu DRX or whether it is necessary to define a new timer for Sidelink DRX operation.
Proposal 8. DRX Inactivity Timer, DRX RTT timer, and DRX Retransmission timer should be supported for Sidelink DRX operation as well.
Proposal 9. RAN2 should study whether the Sidelink DRX works well with only the Timer supported by Uu DRX or whether it is necessary to define a new timer for Sidelink DRX operation.
Observation 5: It is necessary to align Sidelink DRX pattern (e.g., DRX cycle, DRX Onduration) between UEs for correct operation (e.g., operation of On/Off duration) between UEs supporting Sidelink DRX operation.
Proposal 10. A UE with PC5 RRC Connection can exchange Sideink DRX pattern information through a PC5 RRC message, and a UE without PC5 RRC Connection can exchange Sideink DRX pattern information through MAC CE.
Observation 6: It is necessary to make the onduration of Uu DRX and Sidelink DRX as close as possible in the time domain to reduce the DRX On/Off switching to at least reduce the interruption caused by the transition time.
Proposal 11. The UE should report Sidelink DRX pattern (e.g., Sidelink DRX Cycle, Sidelink DRX onduration) information and QoS information of Sidelink service to network so that the network can set the Sidelink DRX onduration by aligning (or overlapping) it with Uu DRX Onduration in the time domain as much as possible.
Proposal 12. The Sidelink DRX Onduration should be overlapped with the Sidelink Resource Pool.
[bookmark: _GoBack]Proposal 13. The UE supports to report Sidelink DRX pattern information (e.g., Sidelink DRX Cycle, Sidelink DRX Onduration) and QoS information (e.g., PFI) of Sidelink service to network so that the network can configure the Sidelink DRX Onduration linked with the SL resource pool.
Observation 7: When the UE turns on/off the RF for Sidelink DRX (or Uu DRX), it may interfere with Uu link (or Sidelink) communication.
Proposal 14. RAN2 should consider reducing the impact of interference caused by RF (i.e., RF of Uu/Sidelink DRX) On/Off.
Proposal 15. RAN2 should decide whether to consider periodic resource interval as Active Time of Sidelink DRX.
Proposal 16. When in RRC_CONNECTED, 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.
Proposal 17. When both DRX and PUCCH sending HARQ-ACK are configured, drx-RetransmissionTimerSL and drx-HARQ-RTT-TimerSL with the following definitions can be configured and included in the Active Time:
-	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 retransmission grant is expected by the MAC entity.
4.	Reference
[1] 3GPP RP-201385 "WID revision: NR sidelink enhancement", LG Electronics
[2] R4-133499, PCell Interruptions for Inter-band CA, Qualcomm Incorporated
[3] R4-126709, Considerations for single-chip implementations of carrier aggregation, Qualcomm Incorporated
1

4

