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1.	Introduction
In this contribution, we further discuss remaining issues and further consideration on Sidelink DRX. 
2.	Discussion
2.1 Resource selection considering SL DRX active time 
RAN1 discussed the LS related to resource selection sent by RAN2 at #106bis-e meeting and made the working assumption. RAN2 can discuss the resource selection procedure based on the following RAN1’s working assumption [2].
	Proposed working assumption (v02):
When PHY layer is indicated with an active time of RX UE from MAC layer for candidate resource selection, a restriction is applied in PHY layer so that at least a subset of candidate resources reported to MAC layer is located within the indicated active time of the RX UE. The following options will be further discussed in RAN1 to restrict resources for candidate resource selection taking into account the indicated active time from MAC layer:
· Option 1: PHY layer selects and reports candidate resources only within the indicated active time of the RX UE
· Option 2: PHY layer selects and reports candidate resources in which at least a subset of the candidate resources is within the indicated active time of the RX UE
· Option 3: PHY layer selects and reports an additional candidate resource set of candidate resources within the indicated active time of the RX UE



Since the retransmission resources are resources that can be used in the future, it is desirable to select the resources in consideration of the inactive time (e.g., time to become an active period in the future by the resources selected by the Tx UE) for the retransmission resources. Thus, option 1 is not a desirable solution in terms of excluding resources of future active time.
Option 2 and 3 consider the resources of the future active time, but option 2 may be preferable when considering the simplicity of selection procedure of “subset of the candidate resources” of the UE. Of course, this decision is RAN1 dependent.
Assuming that the candidate resource set is selected in the physical layer as Option 2, a procedure indicating the current active time of the Rx UE in the MAC layer is required. That is, when the resource selection is triggered, the MAC layer informs the physical layer of the current active time information (e.g., minimum number of slots in the current active time) of the Rx UE, and the physical layer can determine the candidate resource set based on the minimum number of slots of the current active time informed by the MAC. Finally the MAC layer can perform the same resource selection procedure as in the legacy based on the candidate resource set indicated by the physical layer.
Observation 1. In order to determine the candidate resource set in the physical layer, a procedure for notifying the current active time of the Rx UE in the MAC layer is required.
Proposal 1. RAN2 agrees that MAC provides PHY with information for the restriction when resource (re-)selection is triggered and conducts resource (re-)selection based on the candidate resource set(s) PHY reported.
Proposal 2. RAN2 agrees that information provided to PHY for the restriction includes the current active time of the RX UE and the minimum number of current active time slots in the reported candidate resource set. 
Proposal 3. RAN2 agrees that MAC selects the resources considering the current and future active time. When MAC selects N resources in total for a MAC PDU, at least X resources shall be selected in the current active time while remaining N-X resources can be selected in the current and future active time. How to determine X is FFS. 
Proposal 4. RAN2 agrees that future active time is updated in selection of each resource as follows: 
-  If a resource in slot n is in current or future active time and selected by MAC, each of slots n+1, n+2, …, n+k is considered being in future active time if it is not in the current active time where k is Timers to be running once RX UE receives SCI in slot n.
Observation 2. Option 1 in RAN1 LS does not allow MAC to select a resource in future active time. Option 3 requires discussion on which of the two sets needs to be used in selecting each resource in future active time.
Proposal 5: RAN2 replies to RAN1 that Option 1 is not aligned with the operation RAN2 intends to support. The reply also includes that RAN2 prefers Option 2 as MAC can keep the current framework of using a single set of candidate resources.

2.2 Mode 2 resource allocation & SL DRX
In Rel-16 NR resource allocation mode 2 operation, when there are multiple MAC PDUs to be transmitted, a UE performs resource reservation in multiple periods. Also, for each MAC PDU transmission, the MAC PDU is transmitted using one of the resources reserved for multiple periods. The resource reselection procedure is triggered based on pre-emption, UL/SL (or NR SL/LTE SL) prioritization, the selected resources which are indicated in SCI are cancelled and a resource reselection procedure is triggered.  After that the reselected resources are re-indicated to an SCI again and transmitted to an RX UE. That is, when SCI is transmitted from a resource other than the resource indicated in the previous SCI by the Tx UE, the Rx UE operating the SL DRX may not receive the PSCCH/PSSCH transmitted by the Tx UE. Therefore, RAN2 should provide a mechanism for allowing the Rx UEs operating Sidelink DRX to receive PSCCH/PSSCH in consideration of the possibility that resource reselection has occurred due to pre-emption and etc.
Observation 3. When SCI is transmitted from a resource other than the resource indicated in the previous SCI by the Tx UE due to the pre-emption, the Rx UE operating the SL DRX may not receive the PSCCH/PSSCH transmitted by the Tx UE.  
Proposal 6. In consideration of the possibility that resource reselection has occurred due to pre-emption, RAN2 should provide a mechanism for allowing Rx UEs operating Sidelink DRX to successfully receive PSCCH/PSSCH transmitted by the Tx UE.

2.3 Remaining issues on Uu DRX timer
In the RAN2 email discussion [3], we are discussing whether or not to support HART RTT timer when PUCCH is not configured. We think that further optimization is possible by starting the HARQ RTT timer to increase the power saving effect of the UE in case PUCCH is not configured and PSFCH is configured in the resource pool. For example, a UE may not monitor mode 1 DCI by staring the HARQ RTT timer during the period from the last PSSCH to the PSFCH resource plus the Min Time GAP (e.g., Minimum processing time to be guaranteed between the PSFCH reception and the retransmission resource) or the UE may not monitor mode 1 DCI by staring the HARQ RTT timer after PSFCH reception during the Min Time GAP (e.g., Minimum processing time to be guaranteed between the PSFCH reception and the retransmission resource).
Observation 4. When the PUCCH is not configured and the PSFCH is configured in resource pool, the power saving gain can be achieved by starting the HARQ RTT timer.
Proposal 7. RAN2 should support the SL DRX HARQ RTT timer, in case PUCCH is not configured and PSFCH is configured in the resource pool. 
Following majority view was made in the RAN2 email discussion [3].  
“When sl-PUCCH-Config is configured but the PUCCH is not transmitted due to UL/SL prioritization, the TX UE should start the SL-specific drx-HARQ-RTT-Timer in Uu for the corresponding SL HARQ process in the first slot after the end of the corresponding PUCCH resource.”
Regarding the above majority view, RAN2 should have an additional discussion on whether to start the retransmission timer or not based on whether the dropped PUCCH is SL Feedback “ACK” or “NACK”. For example, if the dropped PUCCH is SL NACK, the Uu DRX retransmission timerSL can be started, and if the dropped PUCCH is ACK, the Uu DRX retransmission timerSL cannot be started.
Observation 5. Regarding Uu DRX timer operation of PUCCH dropping case, RAN2 should have an additional discussion on whether to start the retransmission timer or not based on whether the dropped PUCCH is SL Feedback “ACK” or “NACK”.
Proposal 8. If the dropped PUCCH is SL NACK, the Uu DRX retransmission timerSL can be started, and if the dropped PUCCH is ACK, the Uu DRX retransmission timerSL should be started. 

2.4 SL DRX HARQ RTT Timer & HARQ Feedback Disabled MAC PDU
RAN2 has not yet discussed when the Rx UE starts the sl-drx-HARQ-RTT-Timer in the HARQ feedback disabled case. Thus, RAN2 should discuss when the RX UE should start the sl-drx-HARQ-RTT-Timer in case of HARQ feedback disabled. We think that for the case where the TX UE schedules more than one sidelink resource through the SCI, it is reasonable to assume that a blind retransmission will not be scheduled before the UE finishes all the transmission opportunities scheduled through the SCI.
Observation 6. RAN2 should discuss when the RX UE should start the sl-drx-HARQ-RTT-Timer in case of HARQ feedback disabled. It is reasonable to assume that a blind retransmission will not be scheduled before the UE finishes all the transmission opportunities scheduled through the SCI.
Proposal 9. sl-drx-HARQ-RTT-Timer can be started at the first slot after the end of last PSSCH resource scheduled through SCI.

2.5 UL/SL prioritization & SL DRX
If the Tx UE drops the SL transmission by UL/SL prioritization just before the expiration of the active time (eg, Onduration timer) of the Rx UE, the Rx UE enters the sleep mode after the expiration of the active time, so Rx UE cannot monitor the SL transmission until the next active time. In this case, the PDB of SL data may expire, which may lead to failure of SL data transmission/reception. In addition, if the SL transmission was not dropped, the SL reception could be continued by extending the Rx UE’s active time. That is, the legacy UL/SL prioritization may prevent the UE from completing the SL transmission/reception during the SL DRX or may cause loss of the active time of the Rx UE. Therefore, RAN2 can consider enhancement of UL/SL prioritization for the UE performing SL DRX.
Observation 7. Legacy UL/SL prioritization may prevent the UE from completing the SL transmission/reception during the SL DRX or may cause loss of the active time of the Rx UE.
Proposal 10. RAN2 can consider enhancement of UL/SL prioritization for the UE performing SL DRX.

2.6 SL DRX considering multiple MAC PDU transmission
According to the R16 LCP operation, Tx UE selects a destination associated with the logical channel with the highest priority. If Tx UE performs periodic resource reservation for multiple MAC PDU transmission and Rx UE performs SL DRX operation, there is a case where Rx UE wastes its power for wake-up and performing unnecessary PSCCH/PSSCH decoding.
If a transmission occurs in Rx UE #A’s SL DRX On duration and reserves a resource for next transmission in the Rx UE #A’s expected SL DRX extended Active duration, Rx UE #A will wake-up at the reserved resource timing and tries to decode the PSCCH/PSSCH. However, it’s not guaranteed that the reserved resource in the extended Active duration is used for transmission to Rx UE #A. If other MAC PDU for Rx UE #B has higher priority than that for Rx UE #A at the time of the reserved resource, the MAC PDU for Rx UE #B will be chosen and transmitted according to its higher priority. In this case, Rx UE’s power is wasted for unnecessary wake-up and decoding at the reserved resource timing.
To avoid this situation and save Rx UE’s power, Tx UE prioritize the MAC PDU for Rx UE #A for the reserved resource in the case above. MAC PDU for Rx UE #B can be transmitted if it’s also the associated SL DRX Active time at that time. However, if MAC PDU for Rx UE #A is not available but that for Rx UE #B is available at the reserve resource timing, Rx UE #B is transmitted using the reserved resource.
Proposal 11. When RX-UE performs SL-DRX operation, if TX-UE transmits a packet for a destination in RX-UE SL DRX On duration, TX UE prioritizes to transmit a packet for the same destination using the resources reserved for transmitting multiple MAC PDU, in the expected RX-UE’s extended SL DRX Active duration.

2.7 HARQ combining & SL DRX 
If Rx UE performs HARQ combining under SL DRX operation, there could be a case where Rx UE performs combining the different packets, so that the decoding performance is degraded. In groupcast option 2 (NACK-only HARQ feedback mode), when Rx UE fails to decode a packet #A received in Rx UE’s SL DRX On duration and Tx UE retransmits the packet #A in the Rx UE’s extended SL DRX Active duration based on the HARQ NACK reception, if Rx UE fails to decode PSCCH/PSSCH of the retransmission (DTX case), TX UE considers the retransmission as successful because there is no HARQ ACK response, Then TX UE tries to transmit the next packet #B in the expected Rx UE’s extended Active duration based on the previous successful transmission. But Rx UE didn’t extend its SL DRX Active duration as it didn’t successfully receive the retransmitted packet, therefore again didn’t receive the packet #B, which in turn makes Tx UE mistake it as a successful transmission (due to no NACK transmission). At the Rx UE’s SL DRX On duration of the next SL DRX cycle, it’s possible that Tx UE transmits a new packet #C with HARQ process number and NDI as same as those for the packet #A transmission. In this case, Rx UE may tries HARQ combining both the packet #A and the packet #C, which totally destroys decoding.
One of the solution to the above situation is to use a PDB that was known from the QoS profile of the associated previous transmission. After decoding failure on the received packet, if Rx UE didn’t receive a retransmission packet until the PDB, Rx UE flushes the buffer for HARQ combining for the packet and wait for a new packet transmission. The other solution is to use a specific timer associated to the destination ID of the transmission. If Rx UE receives a new packet regardless of its success or failure in decoding, Rx UE starts to run the timer and if Rx UE didn’t receive any retransmission packet until the timer ends, Rx UE flushes the buffer for HARQ combining for the packet and wait for a new packet transmission.
Observation 8. In SL DRX operation, DTX case may cause a wrong HARQ combining especially in groupcast option 2 (NACK-only HARQ feedback mode).
Proposal 12. The solution to avoid the wrong HARQ combining due to DTX case in SL DRX operation should be discussed in RAN2.
3.	Conclusion
This contribution discussed a possible impact on RAN2 by sidelink DRX operation, which can be summarized as follows:
Observation 1. In order to determine the candidate resource set in the physical layer, a procedure for notifying the current active time of the Rx UE in the MAC layer is required.
Proposal 1. RAN2 agrees that MAC provides PHY with information for the restriction when resource (re-)selection is triggered and conducts resource (re-)selection based on the candidate resource set(s) PHY reported.
Proposal 2. RAN2 agrees that information provided to PHY for the restriction includes the current active time of the RX UE and the minimum number of current active time slots in the reported candidate resource set. 
Proposal 3. RAN2 agrees that MAC selects the resources considering the current and future active time. When MAC selects N resources in total for a MAC PDU, at least X resources shall be selected in the current active time while remaining N-X resources can be selected in the current and future active time. How to determine X is FFS. 
Proposal 4. RAN2 agrees that future active time is updated in selection of each resource as follows: 
-  If a resource in slot n is in current or future active time and selected by MAC, each of slots n+1, n+2, …, n+k is considered being in future active time if it is not in the current active time where k is Timers to be running once RX UE receives SCI in slot n.
Observation 2. Option 1 in RAN1 LS does not allow MAC to select a resource in future active time. Option 3 requires discussion on which of the two sets needs to be used in selecting each resource in future active time.
Proposal 5: RAN2 replies to RAN1 that Option 1 is not aligned with the operation RAN2 intends to support. The reply also includes that RAN2 prefers Option 2 as MAC can keep the current framework of using a single set of candidate resources.
Observation 3. When SCI is transmitted from a resource other than the resource indicated in the previous SCI by the Tx UE due to the pre-emption, the Rx UE operating the SL DRX may not receive the PSCCH/PSSCH transmitted by the Tx UE.  
Proposal 6. In consideration of the possibility that resource reselection has occurred due to pre-emption, RAN2 should provide a mechanism for allowing Rx UEs operating Sidelink DRX to successfully receive PSCCH/PSSCH transmitted by the Tx UE.
Observation 4. When the PUCCH is not configured and the PSFCH is configured in resource pool, the power saving gain can be achieved by starting the HARQ RTT timer.
Proposal 7. RAN2 should support the SL DRX HARQ RTT timer, in case PUCCH is not configured and PSFCH is configured in the resource pool.
Observation 5. Regarding Uu DRX timer operation of PUCCH dropping case, RAN2 should have an additional discussion on whether to start the retransmission timer or not based on whether the dropped PUCCH is SL Feedback “ACK” or “NACK”.
Proposal 8. If the dropped PUCCH is SL NACK, the Uu DRX retransmission timerSL can be started, and if the dropped PUCCH is ACK, the Uu DRX retransmission timerSL should be started.
Observation 6. RAN2 should discuss when the RX UE should start the sl-drx-HARQ-RTT-Timer in case of HARQ feedback disabled. It is reasonable to assume that a blind retransmission will not be scheduled before the UE finishes all the transmission opportunities scheduled through the SCI.
Proposal 9. sl-drx-HARQ-RTT-Timer can be started at the first slot after the end of last PSSCH resource scheduled through SCI.
Observation 7. Legacy UL/SL prioritization may prevent the UE from completing the SL transmission/reception during the SL DRX or may cause loss of the active time of the Rx UE.
Proposal 10. RAN2 can consider enhancement of UL/SL prioritization for the UE performing SL DRX.
Proposal 11. When RX-UE performs SL-DRX operation, if TX-UE transmits a packet for a destination in RX-UE SL DRX On duration, TX UE prioritizes to transmit a packet for the same destination using the resources reserved for transmitting multiple MAC PDU, in the expected RX-UE’s extended SL DRX Active duration.
Observation 8. In SL DRX operation, DTX case may cause a wrong HARQ combining especially in groupcast option 2 (NACK-only HARQ feedback mode).
Proposal 12. The solution to avoid the wrong HARQ combining due to DTX case in SL DRX operation should be discussed in RAN2.
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