3GPP TSG-RAN WG2 Meeting #113-bis-e	R2-2102771
Electronics Meeting, April 12 – 20, 2021	
	

Agenda Item	: 8.15.2 (NR_SL_enh-Core)
Source	: LG Electronics Inc.
Title	: Further discussion on Sidelink DRX
Document for	: Discussion and Decision
1.	Introduction
In this contribution, we further discuss technical issues of SL DRX for broadcast, groupcast, and unicast based on RAN2's agreements of #112-e and #113-e meeting. 
2.	Discussion
2.1 Common SL DRX configuration
The meaning of "common" in the common SL DRX configuration can be defined as a group of several UEs having the same service (e.g., PSID, ITS-AID) or QoS class (e.g., PQI). We consider that common DRX configuration can be used in common by UEs classified by cast type (e.g., broadcast, groupcast) or specific groupcast/broadcast service (e.g., PSID, ITS-AID) or QoS class (e.g., PQI) associated to specific groupcast/broadcast service. Moreover, we also consider the common SL DRX configuration can be used by UEs that do not have an establishment for a PC5 RRC connection to monitor the broadcast PC5-S message (e.g., PC5-S Direct Communication Request message). 
Observation 1. UE common SL DRX configuration may be an SL DRX configuration that can be used in common between UEs using the same SL service (e.g., PSID, ITS-AID) or QoS class (e.g., PQI). 
Observation 2. The meaning of "common" in the common SL DRX configuration can be defined as a group of several UEs having the same service (e.g., PSID, ITS-AID) or QoS class (e.g., PQI).
Proposal 1. Common SL DRX configuration can be used by UEs that do not have an establishment for a PC5 RRC connection to monitor broadcast PC5-S Direct Communication Request.
Proposal 2. Common SL DRX configuration can be configured per QoS class (e.g., PQI) associated with the broadcast/groupcast service (e.g., PSID, ITS-AID).

2.2 UE specific SL DRX
At #113-e meeting, it has been agreed that the unicast specific SL DRX configuration is configured per a pair of source/destination ID. In #113-b-e meeting, RAN2 can further discuss the granularity of the UE specific DRX configuration for SL unicast. Moreover, RAN2 should also discuss which unicast characteristics (e.g., PQI and etc) and parameters should be considered in configuring UE-specific SL DRX configuration. For example, UE-specific SL DRX configuration for SL unicast can be set per PC5 unicast connection (e.g., a pair of source ID/destination ID) considering the QoS class (e.g., PQI) associated to specific PC5 unicast link (or PC5 RRC connection). We believe that the UE-specific SL DRX configuration should be set in consideration of the QoS class (e.g., PQI) of SL data serviced through a specific unicast link.
Observation 3. UE-specific SL DRX configuration can be set in consideration of the QoS class (e.g., PQI) of SL data serviced through a specific unicast link.
Proposal 3. UE-specific SL DRX configuration for SL unicast should be set in consideration of the QoS class (e.g., PQI) per PC5 RRC connection (e.g., direction of a pair of source layer 2 ID/destination layer 2 ID).

2.3 SL DRX impacts to support SL CSI reporting procedure
RAN2 needs to discuss the impact of SL DRX for supporting the SL CSI reporting procedure. According to the R16 NR V2X SL CSI reporting procedure, a procedure of a UE triggering SL CSI reporting and a procedure of a UE transmitting SL CSI reporting MAC CE is classified. A UE triggering the SL CSI reporting triggers SL CSI reporting to a counterpart UE via SCI. If the SL CSI reporting has been triggered by an SCI, the counterpart UE transmits the SL CSI reporting MAC CE within the sl-CSI-ReportTimer. Thus, based on this legacy SL CSI reporting procedure, RAN2 needs to discuss how the UE supports the SL CSI reporting procedure while performing the SL DRX operation.
First, when a UE triggers SL CSI reporting via SCI, the UE should monitor the SL CSI reporting MAC CE transmitted by a counterpart Peer UE by remaining as SL Active time for the maximum sl-LatencyBound-CSI-Report. For example, when a UE triggers SL CSI reporting via SCI, the UE can start an SL DRX timer for as long as the sl-LatencyBound-CSI-Report duration to monitor an SL CSI reporting MAC CE. And if a UE triggering the SL CSI reporting via SCI receives the SL CSI reporting MAC CE from a counterpart UE, the UE can stop the SL DRX timer to stop monitoring the SL CSI reporting MAC CE. Alternatively, without a timer-based operation, the UE can consider the sl-Latency Bound-CSI-Report expiration time to operate as an SL active time.
In terms of SL CSI reporting MAC CE transmission procedure, if the SL CSI reporting has been triggered by an SCI, a counterpart UE should also be able to transmit the SL CSI reporting MAC CE within the maximum sl-CSI-ReportTimer. Besides, since SCI indicating SL CSI reporting is embedded along with SL data, an RX UE should (re-)start the SL DRX timer associated with SL data even if it receives the SCI indicating SL CSI reporting.
Proposal 4. Based on legacy SL CSI reporting procedure, RAN2 should discuss how the UE supports the SL CSI reporting procedure while performing the SL DRX operation.

2.4 Uu DRX impacts to support Sidelink operation 
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 5. 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.

2.5 Sidelink DRX timer for SL Unicast
2.5.1 On-duration timer and Inactivity timer
It is necessary to further discuss the granularity of the on-duration timer and the inactivity timer ​​for SL unicast. Since each SL unicast (each PC5 RRC connection) can have different QoS characteristics, different on-duration timer and inactivity timer values ​​need to be set for each PC5 RRC connection. For example, on-duration timer and inactivity timer values ​​can be set by reflecting the QoS class(e.g., PQI) associated with a specific PC5 RRC connection (e.g., per PQI per a pair of source layer 2 ID/destination layer 2 ID).
Observation 4. SL traffic of each PC5 RRC connection can have different QoS characteristics
Proposal 6. For SL unicast, On-duration timer, and Inactivity timer can be set in consideration of the QoS class (e.g., PQI) per PC5 RRC Connection (e.g., per PQI per direction of a pair of source layer 2 ID/destination layer 2 ID).

2.5.2 HART RTT timer and Retransmission timer
In SL mode 1, SL HARQ RTT time is the minimum processing time required for TX UE to detect/decoding the PSFCH and send a retransmission of PSCCH/PSSCH to RX UE when the RX UE sends the PSFCH to the TX UE. If the SL HARQ RTT timer is defined, the SL HARQ RTT timer should be set to the SL HARQ RTT minimum time gap, which is a common value, not an independent value for each specific PC5 RRC connection. In mode 2, the HARQ RTT Timer value is set by the UE implementation as a value less than or equal to (because there is no PUCCH Tx) than the mode 1 HARQ RTT Timer.
Observation 5. SL HARQ RTT time is a common value based on the minimum processing time required for TX UE to detect/decoding the PSFCH and send a retransmission of PSCCH/PSSCH to RX UE when the RX UE sends the PSFCH to the TX UE, not an independent value for each specific PC5 RRC connection.
Proposal 7. If the SL HARQ RTT timer is defined, in mode 1 the SL HARQ RTT timer should be set to the SL HARQ RTT minimum time gap, which is a common value, not an independent value for each specific PC5 RRC connection.
In Uu DRX, the values of the DRX Retransmission timer is set to the common value regardless of the DRX group. RAN2 should discuss whether the values of SL DRX Retransmission timer can be set to common value regardless of specific PC5 RRC connection as in Uu DRX. As in the inactivity timer, the retransmission timer is a timer used to monitor SL data (e.g., PSCCH/PSSCH for retransmission), so it needs to be set based on the QoS class (e.g., PQI)  of SL data serviced through a specific PC5 RRC connection such as the inactivity timer.
Proposal 8. For SL unicast, SL DRX Retransmission timer can be set in consideration of the QoS class (e.g., PQI) per PC5 RRC Connection (e.g., direction a pair of source layer 2 ID/destination layer 2 ID).
According to the R16 NR V2X operation, if TX UE indicates the HARQ Feedback mode as “disabled” to RX UE through SCI, the RX UE does not transmit HARQ feedback regardless of a success/failure of PSCCH/PSSCH reception from the TX UE. Since the HARQ RTT timer and retransmission timer operate based on PSFCH transmission, it may be not necessary to operate the HARQ RTT timer/Retransmission timer in case of HARQ feedback “disabled”. However, as an alternative, the HARQ RTT Timer and Retransmission Timer can be configured in a UE regardless of HARQ Feedback mode, and the UE can decide whether to use the HARQ RTT timer/Retransmission timer according to the HARQ Feedback mode. For example, if the HARQ Feedback mode is enabled, RX UE may start the RTT/Retransmission timer when transmitting the PSFCH (e.g., HARQ NACK) to TX UE.
Proposal 9. For SL unicast, even in HARQ feedback disabled mode, a timer to monitor retransmission data should be configured per SL HARQ process. 

2.6 Sidelink DRX timer for SL Groupcast
In SL groupcast, SL DRX Timer behaviour can behave similarly to SL unicast. This means that SL DRX timers (e.g., On-duration timer, Inactivity timer, HARQ RTT timer, and Retransmission timer) used in the SL unicast can be used similarly in the SL groupcast. However, the timer value should be set in consideration of the QoS class (e.g., PQI) associated with specific groupcast service.
Proposal 10. For SL groupcast, On-duration timer, and Inactivity timer should be supported.
Proposal 11. For SL groupcast, On-duration timer, and Inactivity timer can be set in consideration of the QoS class (e.g., PQI) per specific groupcast service (e.g., PSID, ITS-AID).
Proposal 12. For SL groupcast, even in HARQ feedback disabled mode, a timer to monitor retransmission data should be configured per SL HARQ process.
Proposal 13. For SL groupcast, SL DRX Retransmission timer can be set in consideration of the QoS class (e.g., PQI) per specific groupcast service (e.g., PSID, ITS-AID).

2.7 Sidelink DRX timer for SL Broadcast
Since HARQ is not supported in SL broadcast, there is no need for HARQ RTT timer and retransmission timer. In other words, only On-duration timer and inactivity timer operation are supported in SL Broadcast, and SL DRX On-duration timer/Inactivity timer operation can be defined similarly to SL Unicast operation.
Proposal 14. For SL broadcast, On-duration timer, and Inactivity timer should be supported.
Proposal 15. For SL broadcast, On-duration timer, and Inactivity timer can be set in consideration of the QoS class (e.g., PQI) per specific broadcast service (e.g., PSID, ITS-AID).

2.8 Detail of SL/Uu DRX timer 
2.8.1 SL DRX retransmission timer related to PSFCH transmission
An Rx UE can start the SL DRX retransmission timer in consideration of PSFCH transmission (ACK or NACK). For example, when the Rx UE receives PSCCH/PSSCH from the Tx UE and transmits PSFCH (NACK), the SL DRX retransmission timer can be started to receive a SL retransmission data from the Tx UE. In addition, when the Rx UE transmits PSFCH (ACK) to the Tx UE, it is no longer necessary to start the SL DRX retransmission timer because it does not need to monitor the SL data of the Tx UE associated with the SL HARQ process in operation.
Proposal 16. When the Rx UE receives PSCCH/PSSCH from the Tx UE and transmits PSFCH (NACK), the Rx UE should start SL DRX retransmission timer to receive a SL retransmission data from the Tx UE.
Proposal 17. When the Rx UE transmits PSFCH (ACK) to the Tx UE, the Rx UE should not start SL DRX retransmission timer.
2.8.2 In PSFCH dropping case, SL DRX retransmission timer
In R16 NR V2X, an Rx UE can drop the PSFCH (ACK or NACK) transmission due to UL/SL prioritization or LTE SL/NR SL prioritization. Taking the PSFCH dropping procedure into account, it is necessary to define the SL DRX retransmission timer operation of the Rx UE. For example, when the Rx UE drops the SL HARQ ACK transmission to the Tx UE, it may be desirable not to start the SL DRX retransmission timer for power saving operation of Rx UE because the SL data transmitted by the Tx UE has been successfully received. In addition, when the Rx UE drops the SL HARQ NACK transmission to the Tx UE, Rx UE should start the SL DRX retransmission timer to receive the SL retransmission data transmitted by the Tx UE. When the Rx UE drops PSFCH (SL HARQ NACK) in groupcast NACK only mode, the SL DRX retransmission timer should be started because the Tx UE can transmit the SL groupcast retransmission data by receiving the PSFCH (SL HARQ NACK feedback) transmission transmitted by another UEs. 
In addition, it is necessary to study whether SL DRX retransmission timer operation considering ACK-to-NACK error is needed. For example, when the Rx UE successfully receives SL data of the Tx UE, it transmits an ACK to the Tx UE and stops the retransmission timer. Also, the Rx UE can transition to sleep mode after stopping the SL DRX retransmission timer. If the Tx UE considers the ACK sent by the Rx UE as NACK (ACK-to-NACK error), the Tx UE transmits retransmission data to the Rx UE. In the worst case, if there is no continuous response (e.g., HARQ DTX) from the Rx UE, the Tx UE may declare SL RLF and terminate the PC5 Unicast link. Therefore, it is necessary to consider whether the procedure of maintaining the active state for a certain period of time after the Rx UE transmits the SL HARQ ACK to the Tx UE is needed.
Proposal 18. When an Rx UE drops the SL HARQ ACK transmission to a Tx UE, the Rx UE should not start the SL DRX retransmission timer.
Proposal 19. When the Rx UE drops the SL HARQ NACK transmission to the Tx UE, Rx UE should start the SL DRX retransmission timer to receive the SL retransmission data transmitted by the Tx UE.
Proposal 20. When the Rx UE drops PSFCH (SL HARQ NACK) in groupcast NACK only mode, the SL DRX retransmission timer should be started.
Proposal 21. RAN2 can discuss whether SL DRX retransmission timer operation considering ACK-to-NACK error is needed.

2.8.3 In PSFCH monitoring failure case, Uu DRX timer
In R16 NR V2X, when a Tx UE fails the PSFCH monitoring, the Tx UE transmits a PUCCH (NACK) to the gNB and monitors the SL retransmission grant. If a Tx UE performing the Uu DRX fails the PSFCH monitoring, the Tx UE should transmit PUCCH (NACK) to the gNB, and then a Uu DRX timer to monitor the mode 1 SL retransmission grant should be started.
Proposal 22. If a Tx UE performing the Uu DRX fails the PSFCH monitoring, the Tx UE should transmit PUCCH (SL NACK indication) to the gNB, and then a Uu DRX timer (e.g., drx-RetransmissionTimerSL) to monitor the mode 1 SL retransmission grant should be started.

2.8.4 In PUCCH dropping case, Uu DRX timer for SL mode 1 DCI motoring
The Tx UE can drop the PUCCH (SL ACK or NACK) transmission due to UL/SL prioritization. Therefore, in this case, it is necessary to define the procedure of the Uu DRX timer (e.g., drx-RetransmissionTimerSL) for SL mode 1 DCI motoring of the Tx UE.
In the case of dropping the PUCCH (SL HARQ NACK indication) transmission, the Tx UE should start the Uu DRX timer (e.g., drx-RetransmissionTimerSL) to monitor the SL retransmission grant. In addition, the Tx UE should start the 
Uu DRX timer (e.g., drx-RetransmissionTimerSL) in order to monitor the SL retransmission grant even when dropping the PUCCH (SL HARQ ACK indication) transmission. However, in this case (i.e., dropping the PUCCH_SL HARQ ACK indication), the Tx UE does not transmit the SL retransmission data to the Rx UE even if the SL retransmission grant is allocated from the gNB. Moreover, the Tx UE should transmit a PUCCH (SL HARQ ACK indication) to the gNB so that the gNB no longer allocates an SL retransmission grant to the Tx UE. 
Proposal 23. RAN2 should define the procedure of the Uu DRX timer (e.g., drx-RetransmissionTimerSL) for SL mode 1 DCI motoring in case of dropping of the PUCCH transmission of Tx UE.

2.9 Power saving (e.g., sleep mode) operation 
It is possible for the Tx UE and the Rx UE to perform an additional power saving operation based on PSFCH reception and transmission. The Tx UE can reduce power consumption by operating in the Sidelink DRX sleep mode from the time of transmission of the PSCCH/PSSCH to the time of reception of the PSFCH. In addition, the Tx UE may wake-up at the time of receiving the PSFCH and monitor the PSFCH transmitted by the Rx UE. The Rx UE may reduce additional power consumption by performing a sleep operation related to an SL HARQ process in a time interval between initial PSSCH reception and the time of transmitting the PSFCH. And also the Rx UE may reduce additional power consumption by performing a sleep mode operation related to an SL HARQ process in a time interval between the time of the PSFCH transmission and the time of the reception of PSSCH Re-transmission.
Proposal 24. RAN2 should consider how the Tx UE and Rx UE can additionally reduce power consumption based on timing information of the PSFCH reception and PSFCH transmission.
3.	Conclusion
This contribution discussed a possible impact on RAN2 by sidelink DRX operation, which can be summarized as follows.
Observation 1. UE common SL DRX configuration may be an SL DRX configuration that can be used in common between UEs using the same SL service (e.g., PSID, ITS-AID) or QoS class (e.g., PQI). 
Observation 2. The meaning of "common" in the common SL DRX configuration can be defined as a group of several UEs having the same service (e.g., PSID, ITS-AID) or QoS class (e.g., PQI).
Proposal 1. Common SL DRX configuration can be used by UEs that do not have an establishment for a PC5 RRC connection to monitor broadcast PC5-S Direct Communication Request.
Proposal 2. Common SL DRX configuration can be configured per QoS class (e.g., PQI) associated with the broadcast/groupcast service (e.g., PSID, ITS-AID).
Observation 3. UE-specific SL DRX configuration can be set in consideration of the QoS class (e.g., PQI) of SL data serviced through a specific unicast link.
Proposal 3. UE-specific SL DRX configuration for SL unicast should be set in consideration of the QoS class (e.g., PQI) per PC5 RRC connection (e.g., direction of a pair of source layer 2 ID/destination layer 2 ID).
Proposal 4. Based on legacy SL CSI reporting procedure, RAN2 should discuss how the UE supports the SL CSI reporting procedure while performing the SL DRX operation.
Proposal 5. 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.
Observation 4. SL traffic of each PC5 RRC connection can have different QoS characteristics
Proposal 6. For SL unicast, On-duration timer, and Inactivity timer can be set in consideration of the QoS class (e.g., PQI) per PC5 RRC Connection (e.g., per PQI per direction of a pair of source layer 2 ID/destination layer 2 ID).
Observation 5. SL HARQ RTT time is a common value based on the minimum processing time required for TX UE to detect/decoding the PSFCH and send a retransmission of PSCCH/PSSCH to RX UE when the RX UE sends the PSFCH to the TX UE, not an independent value for each specific PC5 RRC connection.
Proposal 7. If the SL HARQ RTT timer is defined, in mode 1 the SL HARQ RTT timer should be set to the SL HARQ RTT minimum time gap, which is a common value, not an independent value for each specific PC5 RRC connection.
Proposal 8. For SL unicast, SL DRX Retransmission timer can be set in consideration of the QoS class (e.g., PQI) per PC5 RRC Connection (e.g., direction of a pair of source layer 2 ID/destination layer 2 ID).
Proposal 9. For SL unicast, even in HARQ feedback disabled mode, a timer to monitor retransmission data should be configured per SL HARQ process.
Proposal 10. For SL groupcast, On-duration timer, and Inactivity timer should be supported.
Proposal 11. For SL groupcast, On-duration timer, and Inactivity timer can be set in consideration of the QoS class (e.g., PQI) per specific groupcast service (e.g., PSID, ITS-AID).
Proposal 12. For SL groupcast, even in HARQ feedback disabled mode, a timer to monitor retransmission data should be configured per SL HARQ process.
[bookmark: _GoBack]Proposal 13. For SL groupcast, SL DRX Retransmission timer can be set in consideration of the QoS class (e.g., PQI) per specific groupcast service (e.g., PSID, ITS-AID).
Proposal 14. For SL broadcast, On-duration timer, and Inactivity timer should be supported.
Proposal 15. For SL broadcast, On-duration timer, and Inactivity timer can be set in consideration of the QoS class (e.g., PQI) per specific broadcast service (e.g., PSID, ITS-AID).
Proposal 16. When the Rx UE receives PSCCH/PSSCH from the Tx UE and transmits PSFCH (NACK), the Rx UE should start SL DRX retransmission timer to receive a SL retransmission data from the Tx UE.
Proposal 17. When the Rx UE transmits PSFCH (ACK) to the Tx UE, the Rx UE should not start SL DRX retransmission timer.
Proposal 18. When an Rx UE drops the SL HARQ ACK transmission to a Tx UE, the Rx UE should not start the SL DRX retransmission timer.
Proposal 19. When the Rx UE drops the SL HARQ NACK transmission to the Tx UE, Rx UE should start the SL DRX retransmission timer to receive the SL retransmission data transmitted by the Tx UE.
Proposal 20. When the Rx UE drops PSFCH (SL HARQ NACK) in groupcast NACK only mode, the SL DRX retransmission timer should be started.
Proposal 21. RAN2 can discuss whether SL DRX retransmission timer operation considering ACK-to-NACK error is needed.
Proposal 22. If a Tx UE performing the Uu DRX fails the PSFCH monitoring, the Tx UE should transmit PUCCH (SL NACK indication) to the gNB, and then a Uu DRX timer (e.g., drx-RetransmissionTimerSL) to monitor the mode 1 SL retransmission grant should be started.
Proposal 23. RAN2 should define the procedure of the Uu DRX timer (e.g., drx-RetransmissionTimerSL) for SL mode 1 DCI motoring in case of dropping of the PUCCH transmission of Tx UE.
Proposal 24. RAN2 should consider how the Tx UE and Rx UE can additionally reduce power consumption based on timing information of the PSFCH reception and PSFCH transmission.
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