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1 Introduction
At RAN2#121 [1], RAN2 made the following agreements resource selection for SL unlicensed:
Agreements on SL resource (re)selection
1: 
RAN2 understands UE triggers a resource (re)selection when PSSCH transmission was not performed due to an LBT failure indication from L1. FFS on MCST case. Send LS to RAN1 to check if there is any concern.

2a:
RAN2 understands L1 handles LBT impact to/from other UEs’ reserved resources in SL candidate resource selection (inter-UE case).
2b:
RAN2 will study how MAC performs resource (re)selection with the consideration of LBT impact to its own candidate resource (intra-UE case).
3:
Will send LS to RAN1 to check if there is any concern.
In this contribution, we discuss further details on resource selection.

2 Discussion
RAN2 agreed at RAN2#121 that it will study how the MAC performs resource (re)selection with the consideration of LBT impacts to its own candidate resources.  In essence, a UE transmitting in unlicensed spectrum may perform either type 1 LBT or type 2 LBT, depending on whether the transmission is outside or inside a COT respectively.  From the point of view of a single UE, the COT may be a COT initiated by another UE (i.e., a shared COT), or possibly even the COT initiated by the UE itself by a previous transmission.
When resource selection is performed and a COT is “active” (i.e., there is a possibility of selecting resources such that the resources fall within the COT) selecting resources within the COT itself is preferred because the UE will perform type 2 LBT in this case.  This maximizes COT sharing at the UE.

Observation 1:
Selecting resources within a COT is preferred as it maximizes COT sharing. 

Based on RAN1 COT sharing requirements, the COT can only be shared when the UE has data where the intended recipient is the COT initiator, and the CAPC of the data to be transmitted is less than or equal to the CAPC of the data transmitted by the COT initiator.  It may therefore be possible that the UE performs resource selection such that it does not have data for transmission that meets the conditions for sharing the COT, or where the resource selection was triggered by data which does not meet the COT sharing requirement.  In this case, there seems to be no strong motivation for selecting resources that fall within the shared COT. 
Observation 2:
When the UE has data to transmit that do not meet the COT sharing requirements, selecting resources within the COT has no clear advantage. 

Based on these observations, the UE should prioritize COT sharing in some way as long as it has data for transmission that it can share the COT with.

Proposal 1:
A UE can prioritize resource selection within the COT if it has data for transmission that meets the COT sharing requirements associated with that COT.
There are two ways a UE can prioritize resource selection to select resources within a shared COT:

1) Option 1: The MAC layer provides the PHY layer with a resource selection window that corresponds to the COT duration.
2) Option 2: The MAC layer, based on the available resources obtained with a legacy resource selection window, will prioritize/restrict selection of the resources that are available which fall inside the shared COT.

While both approaches achieve the desired outcome of proposal 1, there are some important differences between the approaches that should be further discussed.

Firstly, option 1 is similar to the approach taken in DRX, where the UE provides the PHY layer with the active resources associated with the RX UE.  While this alignment is preferred, one major difference in the two cases is that for the case of DRX, the TX UE is forced to transmit within the active resources of the RX UE would not receive it.  In the unlicensed case, although COT sharing is preferred, there is no requirement from QoS perspective to ensure it.
On the other hand, option 1 may result in selection of resources which are suboptimal.  Specifically, if the PHY layer uses a smaller resource selection window than the actual PDB, it may provide resources to the MAC layer which are suboptimal when trying to meet the X% threshold.  This could result in the MAC layer selecting resources which have an undesired level of interference from other SL UEs.
Observation 3:
Prioritizing resource selection within a COT by restricting the resource selection window to the COT duration may result in the PHY layer providing suboptimal resources to the MAC layer. 

Another issue with option 1 is that it may significantly shorten the time scale of the resource selection, which could cause collisions between UEs which trigger resource selection simultaneously and increase overall congestion of the SL resources.    

Observation 4:
Prioritizing resource selection within a COT by restricting the resource selection window to the COT duration may result in increasing the likelihood of collisions between UEs performing resource selection. 

With option 2, it is still possible to prioritize resource selection within the COT and maximize COT reuse.  For example, rather than performing random selection at the MAC layer, the UE may select a resource within the shared COT with higher priority or may always select a resource within the shared COT based on certain conditions related to the amount of such resources.  We think this approach prioritizes COT sharing without impacting the performance of sidelink operating in SL-U.   
Observation 5:
Prioritizing resource selection within a COT by having the MAC layer perform this prioritization after the PHY layer has provided its available resource achieves COT sharing prioritization without significant SL performance impact. 

Proposal 2:
When prioritizing resource selection within a COT, the MAC layer provides the legacy resource selection window (i.e., based on PDB) to the PHY, and performs the prioritization from the set of available resources provided by the PHY.

Additional mechanism to avoid increase in collision and congestion, while maintaining a good level of COT sharing may further be necessary.  For example, in situations with high CBR, further limiting transmissions to a subset of the available resources may make the congestion worse.  Similarly, when the remaining COT duration is short, the ability to randomize the selected resources is lost and collisions between UEs may become more likely.  RAN2 should therefore study how QoS, CBR, and remaining COT duration may impact the prioritization, such as limiting prioritization to certain cases only.
Proposal 3:
RAN2 determines which of at least the following factors are used to determine whether/how to prioritize selection of resources within a shared COT: 1) QoS of the data to be transmitted, 2) Measured CBR, 3) Remaining COT duration.

Another technique agreed by RAN1 for improving SL performance in unlicensed spectrum is MCSt.  With MCSt, the UE can select multiple subsequent transmission resources to allow multiple attempts at LBT within subsequent slots, as well as to ensure the UE can maintain the channel for transmission for a longer period.  Use of MCSt is expected to increase the throughput in unlicensed spectrum compared to the legacy approach of resource selection and should therefore be considered from mode 2 perspective.  Similar to COT sharing, the MAC layer can select successive resources to form an MCSt without the need to change the resource selection window compared to legacy.  Specifically, if the PHY layer provides resources that occur successively in time, the MAC layer may select those resources.  Whether the PHY layer performs availability determination differently to find resources that can be used for MCSt or not can be discussed further by RAN1.  In such case, the MAC layer would need to provide the indication of the need of MCSt to the PHY layer.

Proposal 4:
The MAC layer can select resources for an MCSt based on the available resources provided by the PHY layers. No impact to determination of the resource selection window provided to the PHY layer is needed.

Selection of consecutive resources for an MCSt is similar to selecting multiple subchannels at the UE in legacy.  In the later case, there are rules associated based on CBR and QoS (i.e., per SLRB) that control how many resources a UE can select.  A similar restriction should be applied to MCSt to restrict UEs from overusing the SL resources.  In addition, the buffer status at the UE may be relevant.
Proposal 5:
Whether to allow MCSt and/or the duration of the MCSt may be determined based on at least the QoS of the data and CBR.  FFS whether to consider also the buffer status.

MCSt can be performed in a shared COT, or outside of a shared COT.  When performing MCSt inside a shared COT, the main purpose is to maintain the shared COT for its entire duration, while allowing the UE to transmit as much data as possible.  On the other hand, initiating an LBT with a type 1 LBT on resources associated with an MCSt may affect how many attempts are performed by the SL UE.  In addition, it serves the additional purpose from the SL UE perspective of increasing the changes of acquiring the channel.  For this reason, it may be necessary to have different rules for when the UE can use MCSt depending on whether the resources are selected inside a shared COT or not.
Proposal 6:
RAN2 discusses whether it would be beneficial to have different rules for selection of MCSt within a shared COT, or MCSt not within a shared COT.

3 Conclusion
In this contribution, the following observations were made on mode 2 resource selection for SL unlicensed:
Observation 1:
Selecting resources within a COT is preferred as it maximizes COT sharing. 

Observation 2:
When the UE has data to transmit that do not meet the COT sharing requirements, selecting resources within the COT has no clear advantage. 

Observation 3:
Prioritizing resource selection within a COT by restricting the resource selection window to the COT duration may result in the PHY layer providing suboptimal resources to the MAC layer. 

Observation 4:
Prioritizing resource selection within a COT by restricting the resource selection window to the COT duration may result in increasing the likelihood of collisions between UEs performing resource selection. 

Observation 5:
Prioritizing resource selection within a COT by having the MAC layer perform this prioritization after the PHY layer has provided its available resource achieves COT sharing prioritization without significant SL performance impact. 

Based on these observations, the following conclusions are made.

Proposal 1:
A UE can prioritize resource selection within the COT if it has data for transmission that meets the COT sharing requirements associated with that COT.

Proposal 2:
When prioritizing resource selection within a COT, the MAC layer provides the legacy resource selection window (i.e., based on PDB) to the PHY, and performs the prioritization from the set of available resources provided by the PHY.

Proposal 3:
RAN2 determines which of at least the following factors are used to determine whether/how to prioritize selection of resources within a shared COT: 1) QoS of the data to be transmitted, 2) Measured CBR, 3) Remaining COT duration.

Proposal 4:
The MAC layer can select resources for an MCSt based on the available resources provided by the PHY layers.  No impact to determination of the resource selection window provided to the PHY layer is needed.

Proposal 5:
Whether to allow MCSt and/or the duration of the MCSt may be determined based on at least the QoS of the data and CBR.

Proposal 6:
RAN2 discusses whether it would be beneficial to have different rules for selection of MCSt within a shared COT, or MCSt not within a shared COT.
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