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1.	Introduction
[bookmark: _GoBack]In this contribution, we further discuss technical issues of SL DRX for broadcast, groupcast, and unicast based on RAN2's agreements of #113-b-e meeting. 
2.	Discussion
2.1 SCI information based SL DRX timer
According to the RAN2#113bis-e discussion
· Working assumption: SL HARQ RTT timer can be derived from the retransmission resource timing when the SCI indicates a retransmission resource. FFS whether explicitly configured SL HARQ RTT timer may be still required. If big problem is identified next meeting, we can revisit it. 

SL DRX operation based on the above working assumption may not operate correctly. When Tx Pools between UEs performing sidelink transmission/reception are different, Rx UE may have a problem in that the next transmission resource information included in the SCI transmitted by the Tx UE cannot be correctly derived.
For example in Figure 1 below, UE 1/2 uses physical slot index 1, 3, 5, 7, 9, 11, 13, 15 .. as Tx Pool, and UE 3 uses physical slot index 2, 6, 10, 14.. as Tx Pool. UE 1 uses physical slot indexes 1, 2, 3 5, 6, 7, 9, 10, 11, 13, 14, 15 .. including all Tx Pools of UE 1/2/3 as the Rx Pool. At this time, the UE 1 checks that the TRIV (i.e., Time Resource Indicator Value) included in the SCI transmitted by the UE2 is indicated as 2, and monitors the reception of the next SCI at the Rx pool index 4. Since the UE 1 uses the same Tx Pool as the UE 2, resource information included in SCI can be correctly derived by the UE 1. However, when the UE 1 uses a different Tx Pool than the UE 3, a problem occurs. For example, if the UE 1 receives the SCI transmitted by the UE 3 and checks that TRIV is indicated as 3, the location of the Rx Pool is calculated based on its own Rx Pool (e.g., since the Tx pool of UE 3 is different from the Tx pool of UE 1). That is, UE 1 determines that the UE 3 will transmit the next SCI at the physical slot index 6 point (UE1's Rx Pool “5”), and will perform the SCI monitoring operation of UE 3 at that point. However, the next SCI transmission time of UE 3 is the physical slot index 14 point (Rx pool “11” of UE 1). Therefore, when different Tx Pools are used between UEs, next resource information included in SCI may be misinterpreted, and thus a problem may occur when performing SL DRX operation based on next resource information included in SCI.


Figure 1. Misunderstanding the resource information in SCI between Tx UE and Rx UE

To solve this problem, both Tx Pools and Rx Pool of two UEs performing SL Tx/Rx can be aligned. In order to ensure that the SL DRX timer operation based on SCI information without the mentioned restriction, the following operation can be considered.
In one way, SCI can provide the information of TX pool index used for its transmission and the linkage between TX pool’s indices (of different gNBs) can be (pre)configured. That is, Tx UE can provide Rx UE with Tx pool information that it uses. 
Or in another way, we can consider of a mechanism to allow sleep as much as the slot of the Rx Pool where misalignment has occurred as follows;
- (Value indicated by TRIV on SCI – 1)*(length of SL slot)
- (Value indicated by TRIV on SCI – 1) of physical slots
- (Value indicated by TRIV on SCI – 1) of SL slots belonging to Rx pool
Alternatively, it is possible to inform the Rx UE by specifying the next resource time information as an absolute time in SCI. The Rx UE can infer an approximate next resource information point by additionally using absolute time information.
Observation 1. If UEs performing SL transmission and reception use different Tx Pools, Rx UE may not be able to correctly derive the next resource information included in the SCI delivered by Tx UE.
Observation 2. In order for the Rx UE to correctly derive the next resource information from SCI, it may be necessary to align the resource pool between the UEs. In order to operate correctly without such restrictions, the information of linkage between different resource pool’s indices could be provided.
Observation 3. Instead of a mechanism in which the SL DRX HARQ RTT timer value is directly derived from the TRIV value on SCI, a mechanism in which the SL DRX HARQ RTT timer value is derived according to a predefined function based on the corresponding TRIV value on SCI could be considered.
In SCI, up to 1 or 2 of the next resource information is included. In the case of taking the above RAN2 working assumption, additional discussion and verification is needed on whether the SL DRX HARQ RTT/Retransmission timer is set considering only the first next resource information or the second next resource information. For example, in order to avoid unnecessary power consumption at Rx UE side, when RX UE fails to decode SCI on 2nd resource (indicated by the prior SCI received on 1st resource), the SL DRX retransmission timer can run after 2nd resource and until 3rd resource (indicated by the prior SCI received on 1st resource). 

Observation 4. In SCI, up to 1 or 2 of the next resource information is included. In the case of taking the above RAN2 working assumption, additional discussion and verification is needed on whether the SL DRX HARQ RTT/Retransmission timer is set considering only the first next resource information or the second next resource information. 
When the resource reserved by a prior SCI is reselected due to pre-emption, SL DRX operation may be affected. For example, if Tx UE reselects the resource at a time prior to the resource indicated by previous SCI for resource reselection due to pre-emption, Rx UE may not receive the transmission of the Tx UE when the Rx UE awake after the indicated resource in SCI. Moreover, if the Tx UE performs resource reselection after the resource indicated by the SCI, there may be a problem that the PDB of SL Data is not satisfied. One possible solution to resolve this problem is that the Tx UE indicates via SCI that the Rx UE does not perform a sleep operation when the remaining selection window is short or the remaining PDB is short.
Observation 5. When resource reselection due to pre-emption, SL DRX operation may be affected. If Tx UE reselects the resource at a time prior to the resource indicated by previous SCI for resource reselection due to pre-emption, Rx UE may not receive the transmission of the Tx UE when the Rx UE awake after the indicated resource in SCI. Moreover, if the Tx UE performs resource reselection after the resource indicated by the SCI, there may be a problem that the PDB of SL Data is not satisfied.
Observation 6. SL DRX operation based on the resource information included in the SCI would affect the resource selection procedure as mentioned in observation 4. 
Proposal 1. RAN2 should not confirm the working assumption of “SL HARQ RTT timer can be derived from the retransmission resource timing when the SCI indicates a retransmission resource” until at least following issues are clearly resolved in RAN2. 
· How to support SL DRX HARQ RTT Timer operation based on TRIV value indicated by SCI when multiple TX pools exist.
· How to support operation of SL DRX HARQ RTT / Retransmission timer when a SCI indicates two additional resources.

2.2 Resource reselection and SL DRX impact
An Rx UE may fail to receive SCI on the resource indicated by Tx UE as prior SCI. Therefore, when the TX UE reselects the resource indicated by the prior SCI, it is necessary to consider whether the Rx UE properly can receive the data of the Tx UE in which time domain the resource reselection of the Tx UE should be performed.
As an example, the Tx UE can start SL DRX retransmission timer (e.g., Tx UE’s timer to synchronize with the timer of the Rx UE) based on the most recently received NACK, and pre-emption based resource re-selection can be performed while the SL DRX retransmission timer of the Rx UE is operating.
Observation 7. When Tx UE performs the reselection of resource reserved by a prior SCI, an Rx UE could fail to receive SCI on the resource indicated by the Tx UE’s prior SCI. Therefore, it is necessary to consider whether the Rx UE properly can receive the data of the Tx UE in which time domain the resource reselection of the Tx UE is performed.
Proposal 2. Tx UE can start SL DRX retransmission timer (e.g., Tx UE’s timer to synchronize with the timer of the Rx UE) based on the most recently received NACK, and pre-emption based resource re-selection can be performed while the SL DRX retransmission timer of the Rx UE is running.

2.3 PSFCH & power saving 
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.
Observation 8. 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. 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.
Proposal 3. 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.

2.4 Uu DRX impacts to support Sidelink operation
In the email discussion of #113-b-e meeting, the UE operation did not reach consensus when PUCCH is not configured. Therefore, the Uu DRX operation when the PUCCH is not configured should be further discussed.
If the UE is not configured with sl-PUCCH-Config, the SL DRX operation needs to be differently defined according to the SL HARQ Feedback Mode. That is, in the case of transmitting the HARQ Feedback Enabled MAC PDU, Tx UE can start drx-HARQ-RTT-TimerSL for the corresponding HARQ process ID in the first symbol after the end of the corresponding PSFCH reception carrying the SL HARQ feedback (i.e., NACK). In addition, in the case of transmitting the HARQ Feedback Disabled MAC PDU, the Tx UE can start drx-HARQ-RTT-TimerSL or drx-RetransmissionTimerSL for the corresponding HARQ process ID in the first symbol after the end of the last transmission (within a bundle) of the corresponding PSSCH transmission. 
In addition, it is necessary to further discuss whether to support drx-HARQ-RTT-TimerSL when transmitting the HARQ Feedback Disabled MAC PDU if the UE is not configured with sl-PUCCH-Config.
Observation 9. If the UE is not configured with sl-PUCCH-Config, the SL DRX operation needs to be differently defined according to the SL HARQ Feedback Mode.
Proposal 4. If the UE is not configured with sl-PUCCH-Config, in the case of transmitting the HARQ Feedback Enabled MAC PDU by using SL CG grant only mapped with HARQ feedback enabled LCH, Tx UE can start drx-HARQ-RTT-TimerSL for the corresponding HARQ process ID in the first symbol after the end of the corresponding PSFCH reception carrying the SL HARQ feedback (i.e., NACK). 
Proposal 5. If the UE is not configured with sl-PUCCH-Config, in the case of transmitting the HARQ Feedback Disabled MAC PDU by using SL CG grant only mapped with HARQ feedback disabled LCH, the Tx UE can start drx-HARQ-RTT-TimerSL or drx-RetransmissionTimerSL for the corresponding HARQ process ID in the first symbol after the end of the last transmission (within a bundle) of the corresponding PSSCH transmission.
Proposal 6. RAN2 needs to have further discussion on how to operate the HARQ RTT/Retransmission timer in case when gNB does not know what type of MAC PDU a UE actually transmits through the Mode 1 SL grant.

2.5 Unicast specific SL DRX configuration
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 10. 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 7. 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).
3.	Conclusion
This contribution discussed a possible impact on RAN2 by sidelink DRX operation, which can be summarized as follows.
Observation 1. If UEs performing SL transmission and reception use different Tx Pools, Rx UE may not be able to correctly derive the next resource information included in the SCI delivered by Tx UE.
Observation 2. In order for the Rx UE to correctly derive the next resource information from SCI, it may be necessary to align the resource pool between the UEs. In order to operate correctly without such restrictions, the information of linkage between different resource pool’s indices could be provided.
Observation 3. Instead of a mechanism in which the SL DRX HARQ RTT timer value is directly derived from the TRIV value on SCI, a mechanism in which the SL DRX HARQ RTT timer value is derived according to a predefined function based on the corresponding TRIV value on SCI could be considered.
Observation 4. In SCI, up to 1 or 2 of the next resource information is included. In the case of taking the above RAN2 working assumption, additional discussion and verification is needed on whether the SL DRX HARQ RTT/Retransmission timer is set considering only the first next resource information or the second next resource information.
Observation 5. When resource reselection due to pre-emption, SL DRX operation may be affected. If Tx UE reselects the resource at a time prior to the resource indicated by previous SCI for resource reselection due to pre-emption, Rx UE may not receive the transmission of the Tx UE when the Rx UE awake after the indicated resource in SCI. Moreover, if the Tx UE performs resource reselection after the resource indicated by the SCI, there may be a problem that the PDB of SL Data is not satisfied.
Observation 6. SL DRX operation based on the resource information included in the SCI would affect the resource selection procedure as mentioned in observation 4. 
Proposal 1. RAN2 should not confirm the working assumption of “SL HARQ RTT timer can be derived from the retransmission resource timing when the SCI indicates a retransmission resource” until at least following issues are clearly resolved in RAN2. 
· How to support SL DRX HARQ RTT Timer operation based on TRIV value indicated by SCI when multiple TX pools exist.
How to support operation of SL DRX HARQ RTT / Retransmission timer when a SCI indicates two additional resources.
Observation 7. When Tx UE performs the reselection of resource reserved by a prior SCI, an Rx UE could fail to receive SCI on the resource indicated by the Tx UE’s prior SCI. Therefore, it is necessary to consider whether the Rx UE properly can receive the data of the Tx UE in which time domain the resource reselection of the Tx UE is performed.
Proposal 2. Tx UE can start SL DRX retransmission timer (e.g., Tx UE’s timer to synchronize with the timer of the Rx UE) based on the most recently received NACK, and pre-emption based resource re-selection can be performed while the SL DRX retransmission timer of the Rx UE is running.
Observation 8. 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. 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.
Proposal 3. 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.
Observation 9. If the UE is not configured with sl-PUCCH-Config, the SL DRX operation needs to be differently defined according to the SL HARQ Feedback Mode.
Proposal 4. If the UE is not configured with sl-PUCCH-Config, in the case of transmitting the HARQ Feedback Enabled MAC PDU by using SL CG grant only mapped with HARQ feedback enabled LCH, Tx UE can start drx-HARQ-RTT-TimerSL for the corresponding HARQ process ID in the first symbol after the end of the corresponding PSFCH reception carrying the SL HARQ feedback (i.e., NACK). 
Proposal 5. If the UE is not configured with sl-PUCCH-Config, in the case of transmitting the HARQ Feedback Disabled MAC PDU by using SL CG grant only mapped with HARQ feedback disabled LCH, the Tx UE can start drx-HARQ-RTT-TimerSL or drx-RetransmissionTimerSL for the corresponding HARQ process ID in the first symbol after the end of the last transmission (within a bundle) of the corresponding PSSCH transmission.
Proposal 6. RAN2 needs to have further discussion on how to operate the HARQ RTT/Retransmission timer in case when gNB does not know what type of MAC PDU a UE actually transmits through the Mode 1 SL grant.
Observation 10. 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 7. 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).
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