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1 Introduction
RAN2 has initiated discussion on resource allocation aspects in the context of DRX as part of two email discussions on timers and TX/RX UE behaviour[2]
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 \* MERGEFORMAT [3].  However, there are several open issues regarding both the RX and TX UE DRX.  In this contribution, we address these issues.

2 Discussion
2.1 Resource Allocation Considering DRX
DRX of the RX UE

The first aspect to consider for resource selection in the context of DRX is how a TX UE communicates with an RX UE in DRX.  
In RAN2#103bis, it was agreed to support knowledge of the active time of the RX UE at the TX UE (e.g., by maintaining similar timers at the TX UE which correspond to the timers at the RX UE that define the RX UE’s active time).   The main purpose of this is to avoid transmission by the TX UE at time instances where the RX UE is in DRX.  
For mode 1 resource allocation, ensuring that UE transmissions fall in the active time of the RX UE is ensured by the network.  For mode 2, it is up to the UE to ensure that its transmissions fall in the active time of the RX UE(s).  While this could be left to UE implementation, the risk would be an unnecessary increase in the SL congestion if a UE does not follow specified rules.  It is therefore best to have some rules for the mode 2 UE to ensure this.
The MAC layer at the TX UE performs resource selection and PDU construction.  However, these operations occur at different times at the UE.  At resource selection, the TX UE should ensure that the selected resources can be used for transmission, and thus avoid a case where the resources are selected outside of the active time of any RX UE.  At the time of PDU construction, the UE performs LCP.  At this time, it should ensure that the transmission falls in the active time of the destination of that PDU.  Therefore, both resource selection and LCP procedures should take DRX into consideration.

Observation 1:
Active time of the RX UE(s) should be considered in both resource selection and LCP. 

RAN2 already agreed that LCP should take active time into account.  This can be achieved by ensuring that the transmission (i.e., the resource used for the transmission) falls in the active time of that destination.
Proposal 1: 
Destination selection in LCP is limited to destinations where the transmission will fall in the active time associated with that destination.

Regarding resource selection, most companies in the recent email discussion agreed that the TX UE should select a resource within the active time of an RX UE.  However, it was not clear whether a particular RX UE should be considered at the time of resource selection when data for multiple UEs is available for transmission, and if so, which one.  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 resource meets 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 the destination with the highest priority.

Proposal 2: 
Resource selection in the presence of multiple RX UEs in DRX is performed by selecting a resource in the active time of the highest priority L2 destination ID.

In the latest email discussion on timers, the active time to consider for transmission of each cast type has been discussed.  How to handle retransmissions, however, is still unclear.
For unicast/groupcast, inactivity timer and retransmission timer will be supported.  In theory, the TX UE could select resources associated with the times in which any of these timers are running or will be running following a transmission.  However, the RX UE can only be guaranteed to be active while the on-duration timer is running because both the starting of the inactivity timer and retransmission timer are depending on the RX UE successfully receiving a transmission from the TX UE.  Both PSCCH misdetection and half-duplex at the RX UE can occur which could result in the RX UE not starting either inactivity timer or retransmission timer.  Without a guarantee from the RX UE (e.g., in the form of HARQ feedback) that either/both of these timers are restarted, it would be preferrable that the TX UE limits resource selection to the times in which the on duration is running.  At least for the initial transmission, the selected resource can be limited to the on-duration timer only.  To have further flexibility in resource selection and avoid congestion during these resources, the TX UE may be able to select retransmission resources outside of the on duration timer under certain conditions, such as after a certain number of (re)transmissions have been performed during the active time of the RX UE.
Proposal 3: 
For one-shot unicast/groupcast transmissions, the TX UE selects a resource from the set of resources in which the RX UE’s on duration timer or inactivity timer are running, for the initial transmission and zero or more retransmissions.  FFS on the number of retransmissions.
Proposal 4: 
For one-shot broadcast transmissions, the TX UE selects resources for the initial transmission and all retransmissions from the set of resources in which the RX UE’s on duration timer is running. 

For multi-shot (periodic) transmissions, there are two options to ensure that the RX UE can receive such periodic transmissions.  One way would be to ensure, at the transmitter side, that the periodic transmission always fall in the DRX active time of the receiver, and therefore to align the DRX periodicity with the periodicity of the transmission resources. The other option is to ensure that the RX UE monitors also the resources associated with future reserved resources, in addition to the resource associated with the DRX pattern.  We think the second option is preferrable because it allows the TX UE to have multiple periodic sidelink processes without having to define a DRX pattern that includes or accounts for all of those processes.  It also allows the periodicity/offset of those patterns to change often without the need to change the DRX configuration.  From the TX UE perspective, only the first transmission of a multi-shot transmission resource should have resources which are selected from the active time of the RX UE similar to the case of one-shot. 
Proposal 5: 
For multi-shot transmissions, the UE selects resources for the first transmission of the multi-shot transmission from the active time of the RX UE(s).  Same rules for the retransmission resources as for one-shot are applied. 

DRX of the TX UE

An RX UE which is configured in DRX will also likely be a TX UE for transmission (either to the same unicast link or L2 destination ID, or a different link/L2 ID). If such UE is configured in mode 2 full sensing, then the UE needs to perform sensing on sidelink and is therefore continually monitoring the SL to collect sensing results.

Observation 2:
Performing continual sensing for mode 2 resource allocation is not acceptable/feasible for UEs in SL DRX 

Observation 3:
A likely configuration for a mode 2 TX UE that is configured in DRX from the RX perspective is to use random selection or partial sensing 

For the case of partial sensing, such UE could collect sensing results during its own active time only (associated with its DRX configuration).  However, it is unlikely that the collected sensing results are sufficient for reliable transmissions on sidelink using mode 2. Specifically, the DRX active time may be very limited, for example, if the UE has very few services it is configured for reception on and the traffic pattern/QoS of these services require a very short active period. Furthermore, the reception active time is in generally uncorrelated to the amount and pattern of resources needed for sensing to ensure reliable transmission. For this reason, although sensing results from a UE’s own DRX active time can be used for its own transmissions, it would be problematic to use only these sensing results.   
Observation 4:
A TX UE configured with DRX for its RX can collect sensing results during its active time 

Observation 5:
It is highly unlikely that sensing collected only during the DRX active time of a UE is sufficient for sensing to enable reliable transmission 

A better approach would be to define a set of minimum sensing resources that a UE in SL DRX should monitor when having transmissions in mode 2. Whether this minimum set of resources overlaps partially with the DRX active time or not, the UE should still monitor SL on these resources to collect sensing results. 
Proposal 6: 
A TX UE may perform sensing on resources which are outside of its active time from the RX perspective. 

To simplify DRX design in RAN2, however, these resources should not be part of the DRX active time of the UE.  In other words, the Uu principle of DRX being defined from the perspective of reception of the UE is maintained for SL.
Proposal 7: 
The resources defined at a TX UE for collection of sensing results do not change the UEs active periods defined by SL DRX
The details of how to determine the sensing resources are upto RAN1 design.  However, RAN2 decided that in SL monitoring during a UE’s DRX active time, the UE should monitor both PSCCH and PSSCH in order to decode SCI1 and SCI2.  The L2 IDs are carried in SCI2, which is in PSSCH.  For the slot which are not part of the UE’s own active time, but which are defined as sensing slots, the UE need not monitor PSSCH since it can derive sensing results by decoding SCI1 only.  This would achieve additional power savings compared to having to decode both SCI1 and SCI2, as in the DRX active time. 
Proposal 8: 
RAN2 assumes the UE is required to monitor PSCCH only (for SCI1) on slots monitored for sensing which are not part of the UE’s active time. 

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

Observation 1:
Active time of the RX UE(s) should be considered in both resource selection and LCP. 

Observation 2:
Performing continual sensing for mode 2 resource allocation is not acceptable/feasible for UEs in SL DRX 

Observation 3:
A likely configuration for a mode 2 TX UE that is configured in DRX from the RX perspective is to use random selection or partial sensing 

Observation 4:
A TX UE configured with DRX for its RX can collect sensing results during its active time 

Observation 5:
It is highly unlikely that sensing collected only during the DRX active time of a UE is sufficient for sensing to enable reliable transmission 

Based on these observations, the following conclusions were made:
Proposal 1: 
Destination selection in LCP is limited to destinations where the transmission will fall in the active time associated with that destination.

Proposal 2: 
Resource selection in the presence of multiple RX UEs in DRX is performed by selecting a resource in the active time of the highest priority L2 destination ID.

Proposal 3: 
For one-shot unicast/groupcast transmissions, the TX UE selects a resource from the set of resources in which the RX UE’s on duration timer or inactivity timer are running, for the initial transmission and zero or more retransmissions.  FFS on the number of retransmissions.

Proposal 4: 
For one-shot broadcast transmissions, the TX UE selects resources for the initial transmission and all retransmissions from the set of resources in which the RX UE’s on duration timer is running. 

Proposal 5: 
For multi-shot transmissions, the UE selects resources for the first transmission of the multi-shot transmission from the active time of the RX UE(s).  Same rules for the retransmission resources as for one-shot are applied. 

Proposal 6: 
A TX UE may perform sensing on resources which are outside of its active time from the RX perspective. 

Proposal 7: 
The resources defined at a TX UE for collection of sensing results do not change the UEs active periods defined by SL DRX

Proposal 8: 
RAN2 assumes the UE is required to monitor PSCCH only (for SCI1) on slots monitored for sensing which are not part of the UE’s active time. 
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