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1	Introduction
SL DRX design is being discussed in RAN2, but it obviously has impacts on resource sensing and resource selection. While the impacts of DRX on resource sensing have been discussed in RAN1 (within the framework of partial sensing, e.g., [1]), the impacts of DRX on resource selection have been mainly discussed in RAN2. RAN2 recently sent an LS to RAN1 (R1-2108710/R2-2108997) on this latter issue, with the following action:
	ACTION: 	RAN2 respectfully asks RAN1 to take the above agreements into account and inform RAN2 whether/how RAN1 intends to reflect the restriction in the following RAN2 agreement “When data is available for transmission to one or more RX UE in DRX, TX UE selects the resources taking into account the active time (current or future) of the RX UE(s) determined by the timers maintained at the TX UE.  Details are FFS. FFS whether RAN1 or RAN2 implement this restriction.



In this contribution, we present our view on the restriction mentioned in the above LS, in particular whether RAN1 or RAN2 implement this restriction. A companion draft of RAN1 reply can be found in [2].
2	Restriction of resources due to SL DRX
The current resource selection procedure for SL involves both MAC and PHY layers. In a simplified term, it works as follows:
· Step 1: Having data in some logical channel (LCH) at MAC layer triggers a resource selection. 
· Step 2: PHY layer performs a resource selection procedure on a resource selection window, to produce a set of available resources.
· Step 3: The set of available resources is reported to MAC layer.
· Step 4: MAC layer randomly selects resources among the reported set of resources to create a sidelink grant for data transmission.
Under SL DRX, it is desirable to select the resources for data transmission within the DRX Active Time of the intended RX UE(s) of the data. In our understanding, this is where the two options as mentioned in RAN2 LS come into the picture:
· Option 1: PHY layer performs the resource restriction 
· Option 2: MAC layer performs the resource restriction.
We discuss the two options in detail below and analyze their advantages and disadvantages.
[bookmark: _Hlk83843914]Option 1: PHY layer performs resource restriction
With this option, the PHY layer will consider the SL-DRX Active Time during the selection step (Step 2 in the original procedure above). This option can work as follows:
· Having data in some logical channel (LCH) at MAC layer triggers resource selection 
· MAC layer indicates information about the Active Time to be considered for resource selection to the PHY layer.
· (Resource restriction step) PHY layer takes into account the DRX Active Time during the resource selection. E.g.,
· PHY layer intersects the DRX Active Time with a resource selection window to find a set of candidate resources.
· PHY layer applies the existing resource selection procedure on this set of candidate resources to obtain a set of available resources.
· The set of available resources is reported to MAC layer.
· MAC layer randomly selects resources among the reported set of resources to create a sidelink grant for data transmission.
Option 2: MAC layer performs the resource restriction
With this option, the MAC layer will consider the DRX Active Time of the destination(s) after receiving the reported resources from the PHY layer. This option can work as follows:
· Having data in some logical channel (LCH) at MAC layer triggers a resource selection. 
· PHY layer performs the existing resource selection procedure on a resource selection window to produce a set of available resources (i.e., there is no extra restriction in this step). 
· The set of available resources is reported to MAC layer.
· (Resource restriction step) MAC layer selects resources among the reported set of resources taking into account the DRX Active Time of the relevant destinations to create a sidelink grant for data transmission. 
Analysis of the two options
As can be clearly seen in the above description, the two options differ in the step where the resource restriction happens. We will compare the specification impacts and technical advantages of the two options in the following.
In our view, the two options have similar specification impacts. Option 1 requires some additional changes in the PHY layer specification, but in our view such changes are marginal. In particular, the changes can be achieved by simply adding a sentence in TS 38.214 which says a candidate single-slot resource must lie within the resource selection window and the Active Time indicated by MAC layer (see Section 3 for details). Note that the signaling from MAC layer to PHY layer in Option 1 does not require changes in specifications.
[bookmark: _Toc83995503]The two options of resource restriction have similar impacts on specifications. 
However, in terms of performance, we believe Option 1 is more advantageous. Specifically, Option 1 optimizes the resource selection for the targeted RX UE, i.e., only resources within the Active Time of the targeted RX UE is considered by PHY layer, no irrelevant resources are considered or reported to the MAC layer. In contrast, in Option 2, the reported set of resources from the PHY layer is not optimized for the targeted RX UE because the PHY is not aware of the DRX Active Time of the UE and hence the PHY layer might consider irrelevant resources (i.e., resources outside Active Time of the UE) and report such resources to the MAC layer. In the worst case, the reported resources may not be usable at all for the targeted RX UE. Such situation has harmful impact on latency since the data packet might be dropped or delayed.
[bookmark: _Toc83995504]Resource restriction performed by PHY layer has a clear advantage in terms of communication performance since irrelevant resources are avoided.
Based on the above analysis, especially Observation 2, we believe Option 1 should be adopted by RAN1 and RAN2 to ensure reliable communication over SL under DRX. 
[bookmark: _Toc83995532]RAN1 supports and implements the following option: PHY layer performs resource restriction based on the information about DRX Active Time received from MAC layer. How to determine the Active Time is up to RAN2.
Certainly, RAN1 should inform RAN2 in a LS reply. We provide a draft for the reply LS in [2].
[bookmark: _Toc83995533]RAN1 informs RAN2 of RAN1’s intention stated in Proposal 1.
3	How to consider DRX Active Time in Resource selection
There are several remaining FFS in RAN2 agreements included in the LS from RAN2, which are related to how to handle the future Active Time in resource selection, and the aspects of casting types, cited below:
[bookmark: _Hlk83739333]When data is available for transmission to one or more RX UE in DRX, TX UE selects the resources taking into account the active time (current or future) of the RX UE(s) determined by the timers maintained at the TX UE.  Details are FFS. FFS whether RAN1 or RAN2 implement this restriction. 

For unicast, the TX UE selects the resources for the initial transmission associated with any active time (e.g. on duration timer or inactivity timer, or retransmission timer) at the RX UE. How to handle cases when a transmission may cause these timers to be running at the RX UE is FFS. FFS on groupcast. FFS on whether any spec impact.

For unicast, the TX UE can select the resources for the retransmission associated with any active time (e.g. on duration timer or inactivity timer, or retransmission timer) at the RX UE.  How to handle cases when a transmission may cause these timers to be running at the RX UE is FFS. FFS on groupcast. FFS on whether any spec impact.

For broadcast, the TX UE can select the resources for the initial transmission associated with any active time supported by broadcast (i.e. on duration) at the RX UE. 

For broadcast, the TX UE can select the resources for the retransmission associated with any active time supported by broadcast (i.e. on duration) at the RX UE.


Given our Proposal 1 in Section 2 (i.e., MAC layer determines and indicates information about Active Time to PHY layer and PHY layer filter resources based on such information), we believe that the remaining RAN2 FFS cited above can be addressed in RAN2. 
As for RAN1 work, as analyzed in Section 2, some text can be added to TS 38.214 to restrict the set of single-slot candidate resources to within the Active Time indicated by MAC layer. We give an example below (changes are marked by bold text):
	[bookmark: _Toc29673242][bookmark: _Toc29673383][bookmark: _Toc29674376][bookmark: _Toc36645606][bookmark: _Toc45810655][bookmark: _Toc75165398]8.1.4	UE procedure for determining the subset of resources to be reported to higher layers in PSSCH resource selection in sidelink resource allocation mode 2
In resource allocation mode 2, the higher layer can request the UE to determine a subset of resources from which the higher layer will select resources for PSSCH/PSCCH transmission. To trigger this procedure, in slot n, the higher layer provides the following parameters for this PSSCH/PSCCH transmission:
<Unchanged text omitted>
The following steps are used:
1)	A candidate single-slot resource for transmission  is defined as a set of  contiguous sub-channels with sub-channel x+j in slot  where . The UE shall assume that any set of  contiguous sub-channels included in the corresponding resource pool within the time interval  and belongs the set of slots  correspond to one candidate single-slot resource, where 
-	selection of  is up to UE implementation under   , where  is defined in slots in Table 8.1.4-2 where  is the SCS configuration of the SL BWP; 
[bookmark: _Hlk26190437]-	if  is shorter than the remaining packet delay budget (in slots) then is up to UE implementation subject to    remaining packet delay budget (in slots); otherwise is set to the remaining packet delay budget (in slots).
-    the set  is a set of slots received from MAC layer.
The total number of candidate single-slot resources is denoted by .
<Unchanged text omitted>



[bookmark: _Toc83995534]RAN1 considers the suggested text above when implementing the resource restriction.

4	Conclusion
In the previous sections we made the following observations: 
Observation 1	The two options of resource restriction have similar impacts on specifications.
Observation 2	Resource restriction performed by PHY layer has a clear advantage in terms of communication performance since irrelevant resources are avoided.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN1 supports and implements the following option: PHY layer performs resource restriction based on the information about DRX Active Time received from MAC layer. How to determine the Active Time is up to RAN2.
Proposal 2	RAN1 informs RAN2 of RAN1’s intention stated in Proposal 1.
Proposal 3	RAN1 considers the suggested text above when implementing the resource restriction.
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