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1 Introduction
Resource selection by the TX UE considering DRX of the RX UE is one of the main open issues in RAN2 for completion of Rel17 SL Enhancements.  Although there is discussion of this issue in the open issues email discussion kicked off after RAN2#116bis-e [1], there still seems to be diverging views on the details.  In this contribution, we discuss two aspects of the resource selection process: what the MAC provides to the PHY layer as active time, and how the MAC layer selects resources from candidate resources provided by the PHY layer.
2 Discussion
The current structure for resource allocation in the context of DRX consists of 3 distinct stages (where the first stage is new to Rel17):

1) MAC layer provides the active time to the PHY layer (how such active time is defined is still TBD)

2) PHY layer determines a set of candidate resources taking the active time into account, and provides the candidate resources to the MAC layer

3) MAC layer performs resource selection from the candidate resources, taking active time into account.

The first issue to be discussed by RAN2 is which of 1 and/or 3 to specify, and to what level of details.  Given the limited time in RAN2, it would be preferrable to leave the most aspects possible to UE implementation.  
Firstly, providing the active time to the PHY layer is internal to the UE, while the selection of resources by the MAC layer affects the actual transmission at the UE.  In fact, LTE and NR V2X already set a precedence for this in how PDB is provided to the PHY layer for determination of T1/T2.  Specifically, while L2 provides the PDB to the PHY layer for T2 determination, how the PDB is derived by the MAC layer is not specified.
Observation 1:
In legacy V2X, how the MAC layer determines the information provided to the PHY layer for setting the resource selection window in the PHY layer is left to UE implementation. 

On the other hand, step 3 seems to be more critical to specify.  Based on RAN1 conclusion: 
---------------------------------------------------------------------------------------------------------------------------------------------

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.

…

· 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
------------------------------------------------------------------------------------------------------------------------------------------------

In legacy resource selection, the MAC layer randomly selects resources from the candidate resource set provided by the PHY layer.  In the case of RX UE(s) in DRX legacy behaviour is not acceptable since the TX UE should ensure that it transmits to the RX UE at a time when the RX UE will be active to receive the transmission.

Observation 2:
Legacy behaviour for MAC layer resource selection (i.e., random selection from the candidate resources) can result in transmission by the TX UE when the RX UE is inactive. 

Transmissions which are outside of the active time of an RX UE should be avoided as it would adversely affect the system by consuming SL resources inefficiently.  Furthermore, UEs should have a predictable performance when operating using DRX, since introducing the feature should not degrade the performance compared to legacy (non-DRX) operation.
Observation 3:
Performance of legacy SL should not be affected by the introduction of DRX
Based on these observations and given RAN2’s current time constraint to finish the work for Rel17, the preferrable approach would be to prioritize full specification of step 3 and consider specification of step 1 only if time permits.  If time does not permit, step 1 can be left to UE implementation, or some high level specification of the active time provided to the PHY layer can be captured during CR finalization.
Proposal 1: 
RAN2 prioritizes fully specifying the step of selecting resources from the candidate set provided to the MAC layer.  Specification of the active time passed to the PHY layer is considered only if time permits. 

2.1 Resource Selection from the Candidate Set of Resources
Most companies agree that the TX UE should perform resource selection within the active time of the RX UE, at least for the initial transmission.  However, the exact definition of the active time is still unclear.  Of the DRX timers which make up the active time (on-duration timer, inactivity timer, retransmission timer), only currently running timers and the time in which the on-duration timer may be running in the future can be considered as deterministic, since they do not depend on future transmissions by the TX UE (which may/may not occur or at the TX UE).  Specifically, whether the RX UE starts an inactivity timer or retransmission timer depends on whether transmissions by the TX UE are performed or not.  It would be best to leave these resources out of the active time definition. As a result, selection of a resource for the initial transmission should be performed within these resources. 

Proposal 2: 
RX UE active time for resource selection includes resources in which on duration timer is currently running or will be running in the future (for all cast types), or the inactivity timer or retransmission timers are currently running (for unicast/groupcast only) at the RX UE.  Additional active time from periodic transmission to the RX UE or CSI report is not included.
Handling of the retransmission should depend on the cast type since broadcast does not support retransmission timer.  Considering first the case of unicast/groupcast, and for one-shot resource selection, the TX UE should ensure that at least the initial transmission is selected from the set of resources in the active time of the RX UE.  Due to the retransmission timer at the RX UE, all retransmission resources can be selected outside the current active time.  However, the RX UE could experience both PSCCH misdetection or half-duplex at the initial transmission, which could result in the RX UE not starting the retransmission timer.  Some trade-off is therefore preferrable to select an appropriate number of retransmission resources occurring within the active time, to limited/no degradation in performance compared to legacy (non-DRX).  This number could depend on the QoS and/or congestion, for example, to ensure high priority transmissions are less susceptible to PSCCH misdetection and half-duplex at the RX UE.

Proposal 3: 
For one-shot unicast/groupcast transmissions, the TX UE selects a resource for the initial transmission from the set of resources in the RX UE’s active time for resource selection.

Proposal 4: 
For one-shot unicast/groupcast transmissions, the TX UE selects at least N retransmissions within the RX UE’s active time for resource selection.

Proposal 5: 
For one-shot unicast/groupcast transmissions, the minimum number of retransmission resources (N) that should be selected from the RX UE’s active time for resource selection is configured per priority and CBR. 

For broadcast one-shot transmissions, on the other hand, both the transmissions and retransmissions should be contained in the active time for resource selection since broadcast does not support retransmission timer.

Proposal 6: 
For one-shot broadcast transmissions, the TX UE selects resources for the initial transmission and all retransmissions within the RX UE’s active time for resource selection. 

For multi-shot (periodic) transmissions, it was agreed as working assumption that the RX UE monitors SL on the slots associated with future reserved resources.  As a result, for periodic transmission, only the first transmission of the periodic process needs to be selected from the active time for resource selection of the RX UE.  Subsequent periodic transmissions will automatically occur while the RX UE is active due to the working assumption. 
Proposal 7: 
For multi-shot transmissions, the TX UE selects the resources for the initial transmission of the first TB of the multi-shot transmission from the active time for resource selection.  Same rules for the retransmission resources of the first TB as for one-shot are applied. 

For the retransmission resources of the TBs other than the first TB of the multi-shot transmission, those retransmission resources can be selected outside of the active time defined by the DRX timers, since the indication of the future reserved resource will ensure that the RX UE is active for their reception.  This is similar to the initial transmission for TBs other than the first TB.

Proposal 8: 
For multi-shot transmissions, the retransmission resources for TBs other than the first TB can be selected outside of the active time for resource selection. 

Resource selection by the MAC layer occurs before LCP.  Therefore, the specific RX UE that the TX UE should consider when determining the active time, when multiple RX UEs or L2 IDs are in DRX should be further defined.  In legacy resource selection, the TX UE considers the timing requirements (i.e., remaining PDB) of the available data in all logical channels.  Specifically, it will ensure that the selected resources meet the timing requirements of the highest priority logical channel.  Similarly, we think for communication to RX UE(s) in DRX, the selected resource should consider at least the destination with the highest priority data available.  Selection of resources which are simultaneously in the active time of multiple UEs can be considered, but this should be left to UE implementation.
Proposal 9: 
MAC Layer selects resources associated with the active time for resource selection of at least the highest priority L2 destination ID with data available for transmission and having DRX configured.  

Triggers for (re)selection were also discussed by RAN2 in the last meeting without conclusion.  If new data arrives for an RX UE in DRX and none of the selected grants fall in the active time of that UE, the TX UE should trigger (re)selection to be able to communicate with this new UE.  We think this trigger is sufficient.
Proposal 10: 
A TX UE triggers resource (re)selection if there is no selected sidelink grant which falls in the active time of a L2 destination ID having data available for transmission. 

2.2 Defining the Active time to Provide to the PHY Layer

The active time to be provided to the PHY layer, if specified, should be consistent with the MAC layer behaviour described for the selection of resources.  Specifically, to guarantee that at least the initial transmission can be made at a time when the RX UE is active, the resources defined by the DRX timers (on-duration, inactivity, retransmission timer) only should be considered.  Furthermore, although future active time (i.e., time in which the RX UE will be active as a result of a pending transmission at the TX UE) still represents times in which the RX UE can be reached, it cannot be relied on by the PHY layer because it depends on the timing of the actual selection by the MAC layer.  For example, the inactivity timer starting times will depend on the resource selected for transmission, which is not known when the PHY layer needs to determine the candidate resources.
Observation 4:
Resources at the RX UE that may become part of active time only following a pending/eventual transmission by the TX UE cannot be used by the PHY layer due to the uncertainty of the actual transmission time selected by the MAC layer.  

In addition, there may be grants which are already pending/allocated at the time of resource selection.  While any active time enabled by such grants could in theory be considered as active time, it may be complex to consider such grants as well.  In other words, the active time provided to the PHY layer should be the same as the active time defined for resource selection by the MAC layer.  
Proposal 11: 
If specified, the active time provided by the MAC layer to the PHY layer consists of the active time for resource selection.
Similar to the selection of resources for transmission, the active time provided to the lower layers should reflect at least the active time associated with the destination having the highest priority data available for transmission.  Whether additional resources are provided as active time can be left for UE implementation.
Proposal 12: 
If specified, the active time provided by the MAC layer to the PHY layer includes at least the active time for resource selection of the highest priority L2 destination ID with data available for transmission and having DRX configured.  Further details can be left to UE implementation.  

3 Conclusion
In this contribution, the following observations were made resource allocation from RAN2 perspective:

Observation 1:
In legacy V2X, how the MAC layer determines the information provided to the PHY layer for setting the resource selection window in the PHY layer is left to UE implementation. 

Observation 2:
Legacy behaviour for MAC layer resource selection (i.e., random selection from the candidate resources) can result in transmission by the TX UE when the RX UE is inactive. 

Observation 3:
Performance of legacy SL should not be affected by the introduction of DRX

Observation 4:
Resources at the RX UE that may become part of active time only following a pending/eventual transmission by the TX UE cannot be used by the PHY layer due to the uncertainty of the actual transmission time selected by the MAC layer.  

Based on these observations, the following conclusions were made:
Proposal 1: 
RAN2 prioritizes fully specifying the step of selecting resources from the candidate set provided to the MAC layer.  Specification of the active time passed to the PHY layer is considered only if time permits. 

Proposal 2: 
RX UE active time for resource selection includes resources in which on duration timer is currently running or will be running in the future (for all cast types), or the inactivity timer or retransmission timers are currently running (for unicast/groupcast only) at the RX UE.  Additional active time from periodic transmission to the RX UE or CSI report is not included.

Proposal 3: 
For one-shot unicast/groupcast transmissions, the TX UE selects a resource for the initial transmission from the set of resources in the RX UE’s active time for resource selection.

Proposal 4: 
For one-shot unicast/groupcast transmissions, the TX UE selects at least N retransmissions within the RX UE’s active time for resource selection.

Proposal 5: 
For one-shot unicast/groupcast transmissions, the minimum number of retransmission resources (N) that should be selected from the RX UE’s active time for resource selection is configured per priority and CBR. 

Proposal 6: 
For one-shot broadcast transmissions, the TX UE selects resources for the initial transmission and all retransmissions within the RX UE’s active time for resource selection. 

Proposal 7: 
For multi-shot transmissions, the TX UE selects the resources for the initial transmission of the first TB of the multi-shot transmission from the active time for resource selection.  Same rules for the retransmission resources of the first TB as for one-shot are applied. 

Proposal 8: 
For multi-shot transmissions, the retransmission resources for TBs other than the first TB can be selected outside of the active time for resource selection. 

Proposal 9: 
MAC Layer selects resources associated with the active time for resource selection of at least the highest priority L2 destination ID with data available for transmission and having DRX configured.  

Proposal 10: 
A TX UE triggers resource (re)selection if there is no selected sidelink grant which falls in the active time of a L2 destination ID having data available for transmission. 

Proposal 11: 
If specified, the active time provided by the MAC layer to the PHY layer consists of the active time for resource selection.

Proposal 12: 
If specified, the active time provided by the MAC layer to the PHY layer includes at least the active time for resource selection of the highest priority L2 destination ID with data available for transmission and having DRX configured.  Further details can be left to UE implementation.  
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