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1.	Introduction
In this contribution, we further discuss further technical issues of SL and Uu DRX timer for broadcast, groupcast, and unicast based on RAN2's agreements of #114-e meeting. 
2.	Discussion
2.1 Calculation of SL DRX timer
It should be determined whether the length of the SL DRX Timer (i.e., Onduration timer, Inactivity timer, HARQ RTT timer and Retransmission timer) should be calculated in the unit of physical slot or logical slot. For the following reasons, the SL DRX timer should be calculated as the physical slot rather than the logical slot.
The Tx UE is not aware of the exact set of the sidelink slots in the resource pool used by the Rx UE. If the Tx UE is provided with information of the exact set of the sidelink slots in the resource pool used by the Rx UE (e.g., by being allowed to assume that the configuration of the resource pool used by the Rx UE is the same as that of the resource pool used by the Tx UE for transmission), calculation of SL DRX timer using logical slot is feasible.
In SL DRX operation, alignment between SL DRX timer and Uu DRX timer is supported. Since the Uu DRX timer is calculated in the unit of physical slot, if the SL DRX timer is calculated as the logical slot, it may be difficult to align the Uu DRX timer and the SL DRX timer. 
Observation 1. The Tx UE is not aware of the exact set of the sidelink slots in the resource pool used by the Rx UE. If the Tx UE is provided with information of the exact set of the sidelink slots in the resource pool used by the Rx UE (e.g., by being allowed to assume that the configuration of the resource pool used by the Rx UE is the same as that of the resource pool used by the Tx UE for transmission), calculation of SL DRX timer using logical slot is feasible.
Proposal 1. The SL DRX timer should be calculated in the unit of physical slot like Uu DRX.

2.2 Units/values of SL DRX timer/cycle/startoffset/slotoffset
In Uu, DRX related timers have the following units/values:
· The unit of drx-LongCycle and drx-StartOffset is millisecond. 
· The values of drx-onDurationTimer are in multiples of 1/32 ms (subMilliSeconds) or in ms (milliSecond).
· The values of drx-SlotOffset are in multiples of 1/32 ms. 
· The values of drx-InactivityTimer are in multiple integers of 1 ms.
· The values of drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL are in number of symbols of the BWP where the transport block was received/transmitted.
· The values of drx-RetransmissionTimerDL and drx-RetransmissionTimerUL are in number of slot lengths of the BWP where the transport block was received/transmitted.
However, since resource allocation is performed in the unit of logical slot in Sidelink, it is desirable that the value of the retransmission timer be in the unit of the logical slot.
[bookmark: _Ref71633572]Proposal 2. RAN2 to confirm that SL DRX timers take the units as follow:
· sl-drx-LongCycle and sl-drx-StartOffset in millisecond.
· sl-drx-onDurationTimer in multiples of 1/32 ms (subMilliSeconds) or in ms (milliSecond). 
· sl-drx-SlotOffset in multiples of 1/32 ms.
· sl-drx-InactivityTimer in multiple integers of 1 ms.
· sl-drx-HARQ-RTT-Timer in number of physical slot where the transport block was received.
· sl-drx-RetransmissionTimer in number of physical slot lengths where the transport block was received.

2.3 Randomization of SL DRX cycle offset
In terms of avoiding high interference situation within the active time, it would be necessary to maximally distribute the active time of different UEs with same groupcast/broadcast L2 destination ID for SL DRX operation. For example, to achieve this purpose, the SL DRX cycle offset can be randomized based on the following equation.
sl-drx-startOffset = L  {S modulo floor (N / L)}
S: Service type (i.e., L2 Destination ID)
L: Interval between SL DRX cycles applied to different service types (i.e., different L2 Destination ID)
N: Length of SL DRX cycle

Observation 2. In terms of avoiding high interference situation within the active time, it would be necessary to maximally distribute the active time of different UEs with same groupcast/broadcast L2 destination ID for SL DRX operation.
[bookmark: _GoBack]Proposal 3. SL DRX cycle offset can be randomized based on the following equation.
sl-drx-startOffset = L  {S modulo floor (N / L)}
S: Service type (i.e., L2 Destination ID)
L: Interval between SL DRX cycles applied to different service types (i.e., different L2 Destination ID)
N: Length of SL DRX cycle

2.4 Resource selection and SL DRX timer 
In the RAN2 email discussion [2], resource selection issues have been discussed. Regarding this, we think that when the Tx UE select a resource, only the currently active time (e.g., timer running in Rx UE) is considered for transmission resources, or future active time (e.g., time to Become active period in the future by the resource selected by the Tx UE) also can be considered for transmission resources. Also, we should further discuss about how to select resources for single MAC PDU transmission or multiple MAC PDU transmission.
First, for single MAC PDU transmission, a Tx UE may select a resource only in the currently active time at least for the initial resource. On the other hand, 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.
For multiple MAC PDUs transmission, the Tx UE may be able to select resources only in the currently active time for initial resources of initial period. However, when the Tx UE selects the retransmission resource of the initial period and resources for the remaining period, Tx UE can select the resources in consideration of the inactive time (e.g., time to become active period in the future by the resource selected by the Tx UE).
Observation 2. Since the retransmission resources are the resources to be used by the Tx UE in the future, the Tx UE should be able to select the resources even in the time (e.g., time to become active period in the future by the resource selected by the Tx UE) other than the currently active time when selecting the retransmission resources.
Proposal 3. For single MAC PDU transmission, a Tx UE can select a resource only in the currently active time at least for the initial resource. On the other hand, Tx UE can 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. 
Proposal 4. For multiple MAC PDUs transmission, the Tx UE can select resources only in the currently active time for initial resources of initial period. When the Tx UE selects the retransmission resource of the initial period and resources for the remaining period, Tx UE can select the resources in consideration of the inactive time (e.g., time to become active period in the future by the resource selected by the Tx UE). 

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 5. 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.

2.5 Down selection of SL DRX timer value
In the RAN2 email discussion [2], we discussed whether the SL DRX inactivity timer can be configured per QoS profile. If RAN2 supports inactivity timer value that can be configured per QoS profile, when the UE performs SL unicast communication for the services that satisfies multiple QoS profiles, the UE should down-select the timer value among multiple inactive timer values. In a simple way, the UE can select the inactivity timer value mapped with the QoS profile by tracing back the QoS profile based on the sl-priority indicated in the SCI. If multiple QoS profiles related to sl-priority are found, the inactivity timer with the largest value can be selected. Alternatively, an index that identifies the QoS profile can be included in the SCI so that the UE can select the inactivity timer value mapped to the QoS profile.
Observation 4. If RAN2 supports inactivity timer value that can be configured per QoS profile, when the UE performs SL unicast communication for the services that satisfies multiple QoS profiles, the UE should down-select the timer value among multiple inactive timer values. 
Proposal 6. If the UE should down-select the timer value among multiple inactive timer values. the UE can select the inactivity timer value mapped with the QoS profile by tracing back the QoS profile based on the sl-priority indicated in the SCI. If multiple QoS profiles related to sl-priority are found, the inactivity timer with the largest value can be selected.

2.6 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 5. 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 6. 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. 

2.7 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 9. 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.

2.8 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 7. In SL DRX operation, DTX case may cause a wrong HARQ combining especially in groupcast option 2 (NACK-only HARQ feedback mode).
Proposal 10. 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 and Uu DRX timer operation, which can be summarized as follows.
Observation 1. The Tx UE is not aware of the exact set of the sidelink slots in the resource pool used by the Rx UE. If the Tx UE is provided with information of the exact set of the sidelink slots in the resource pool used by the Rx UE (e.g., by being allowed to assume that the configuration of the resource pool used by the Rx UE is the same as that of the resource pool used by the Tx UE for transmission), calculation of SL DRX timer using logical slot is feasible.
Proposal 1. The SL DRX timer should be calculated in the unit of physical slot like Uu DRX.
Proposal 2. RAN2 to confirm that SL DRX timers take the units as follow:
· sl-drx-LongCycle and sl-drx-StartOffset in millisecond.
· sl-drx-onDurationTimer in multiples of 1/32 ms (subMilliSeconds) or in ms (milliSecond). 
· sl-drx-SlotOffset in multiples of 1/32 ms.
· sl-drx-InactivityTimer in multiple integers of 1 ms.
· sl-drx-HARQ-RTT-Timer in number of physical slot where the transport block was received.
· sl-drx-RetransmissionTimer in number of physical slot lengths where the transport block was received.
Observation 2. In order to distribute the UEs with same groupcast/broadcast L2 destination ID for SL DRX operation, it may be considered to distribute the DRX cycle offset in time domain.
Proposal 3. SL DRX cycle offset can be randomized based on the following equation.
sl-drx-startOffset = L  {S modulo floor (N / L)}
S: Service type (i.e., L2 Destination ID)
L: Interval between SL DRX cycles applied to different service types (i.e., different L2 Destination ID)
N: Length of SL DRX cycle
Observation 3. Since the retransmission resources are the resources to be used by the Tx UE in the future, the Tx UE should be able to select the resources even in the time (e.g., time to become active period in the future by the resource selected by the Tx UE) other than the currently active time when selecting the retransmission resources.
Proposal 4. For single MAC PDU transmission, a Tx UE can select a resource only in the currently active time at least for the initial resource. On the other hand, Tx UE can 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. 
Proposal 5. For multiple MAC PDUs transmission, the Tx UE can select resources only in the currently active time for initial resources of initial period. When the Tx UE selects the retransmission resource of the initial period and resources for the remaining period, Tx UE can select the resources in consideration of the inactive time (e.g., time to become active period in the future by the resource selected by the Tx UE). 
Observation 4. 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 5. If RAN2 supports inactivity timer value that can be configured per QoS profile, when the UE performs SL unicast communication for the services that satisfies multiple QoS profiles, the UE should down-select the timer value among multiple inactive timer values. 
Proposal 7. If the UE should down-select the timer value among multiple inactive timer values. the UE can select the inactivity timer value mapped with the QoS profile by tracing back the QoS profile based on the sl-priority indicated in the SCI. If multiple QoS profiles related to sl-priority are found, the inactivity timer with the largest value can be selected.
Observation 6. 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 8. RAN2 should support the SL DRX HARQ RTT timer, in case PUCCH is not configured and PSFCH is configured in the resource pool. 
Observation 7. 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 9. 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. 
Proposal 10. 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 11. 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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