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Motivation for Enhanced Mode 2 Resource Allocation
3GPP has approved a follow up of the sidelink work item for Release-17 in [RP-201385] for sidelink enhancements. This has noted “power saving” and “Enhanced reliability and reduced latency” as the prime justifications in the justification section, as follows:
TSG RAN started discussions in RAN#84 to identify the detailed motivations and work areas for NR sidelink enhancements in Rel-17. Based on the latest summary in RP-192745, significant interest has been observed for the several motivations including the following:
· Power saving enables UEs with battery constraint to perform sidelink operations in a power efficient manner. Rel-16 NR sidelink is designed based on the assumption of “always-on” when UE operates sidelink, e.g., only focusing on UEs installed in vehicles with sufficient battery capacity. Solutions for power saving in Rel-17 are required for vulnerable road users (VRUs) in V2X use cases and for UEs in public safety and commercial use cases where power consumption in the UEs needs to be minimized.
· Enhanced reliability and reduced latency allow the support of URLLC-type sidelink use cases in wider operation scenarios. The system level reliability and latency performance of sidelink is affected by the communication conditions such as the wireless channel status and the offered load, and Rel-16 NR sidelink is expected to have limitations in achieving high reliability and low latency in some conditions, e.g., when the channel is relatively busy. Solutions that can enhance reliability and reduce latency are required in order to keep providing the use cases requiring low latency and high reliability under such communication conditions. 
From the work item of NR Sidelink enhancement [RP-201385], this document focuses on the second part of the resource allocation objectives:
2. Resource allocation enhancement:
· […]
· Study the feasibility and benefit of the enhancement(s) in mode 2 for enhanced reliability and reduced latency in consideration of both PRR and PIR defined in TR37.885 (by RAN#91), and specify the identified solution if deemed feasible and beneficial [RAN1, RAN2]
· Inter-UE coordination with the following until RAN#90.
· A set of resources is determined at UE-A. This set is sent to UE-B in mode 2, and UE-B takes this into account in the resource selection for its own transmission.
· Note: The study scope after RAN#90 is to be decided in RAN#90.
· Note: The solution should be able to operate in-coverage, partial coverage, and out-of-coverage and to address consecutive packet loss in all coverage scenarios.
· Note: RAN2 work will start after [RAN#89].
Mode 2 enhancements were widely discussed in RAN1#103-e meeting and the following conclusions were reached.
RAN1#103-e Conclusion:
· The schemes of inter-UE coordination in Mode 2 are categorized as being based on the following types of “A set of resources” sent by UE-A to UE-B:
· UE-A sends to UE-B the set of resources preferred for UE-B’s transmission
· e.g., based on its sensing result
· UE-A sends to UE-B the set of resources not preferred for UE-B’s transmission
· e.g., based on its sensing result and/or expected/potential resource conflict
· UE-A sends to UE-B the set of resource where the resource conflict is detected
· FFS: details of resource conflict, e.g., including type of resource conflict
· FFS: details of sensing operation at UE-A side
· FFS: which type(s) of resource set information is(are) beneficial/feasible to which cast type(s)
· Note: these different types may be used in combination with each other
· From RAN1 perspective, further study on the feasibility/benefit of inter-UE coordination is required
· Send an LS to RAN plenary

RAN1#103-e Conclusion:
· For the schemes of inter-UE coordination identified as feasible/beneficial, at least the following aspects are further discussed.
· How/when UE-A determines the contents of ”A set of resources”, including consideration of UL scheduling
· When UE-A sends ”A set of resources” to UE-B, including which UE(s) sends it
· How UE-A and UE-B are determined
· How UE-A sends ”A set of resources” to UE-B, including container used for carrying it, implicitly or explicitly or both
· How/when/whether UE-B receives “A set of resources” and takes it into account in the resource selection for its own transmission
· How/whether to define the relationship between support/signaling of inter-UE coordination and cast type

In the following sections, some coordination schemes and the associated signaling are proposed within the scope of the WID and as a progress to the earlier agreements/conclusions. In addition, proposals are made how the coordination information can be exploited as part of resource selection procedure.
Inter-UE Coordination 
UE coordination can take different forms, and different levels of information exchanges between the UEs. Coordination to improve resource allocation can impact different aspects of the user resource selection. It can be used to improve the following: Resource identification (Step 1), Resource selection (Step 2), Pre-emption and reselection evaluation. Coordination information can be obtained from various forms:
· Implicit forms of coordination can be added in Release 17 with limited overhead, where users would take better considerations of the knowledge obtained from sensed SCI and their reservations.
· Explicit forms of coordination can be also added in Release 17 where users would share direct information about their local view of the resource availability. Explicit coordination information can include both preferred resources or undesirable resources.
Proposal 1: It is proposed to consider both implicit and explicit forms of coordination for Sidelink resource allocation enhancements.
It is possible to use this information and update the Release 17 rules of selection of NR Sidelink Mode 2 resource allocation Step 1 and Step 2. These updates should take into account the information of the already reserved resources and the transmissions being prepared. 
Implicit coordination information
From existing SCIs, and in particular the 1st stage SCI, several forms of information can be obtained by other users for their resource selection to improve the overall system reliability and availability of resources.
Such useful information can include:
· Taking into account the (re)transmission index. Retransmissions are reserved, up to two subsequent reservations. In many cases however, they will not be used when the receiver ACKed the transmissions. Thus, it is possible to consider retransmission resources with a different criterion compared to initial transmissions for their (non-)availability.
· In case of periodic reservation, chained collisions may occur if transmissions with same or related periods reserve overlapping resources. Thus, it is possible to consider period information and apply specific (non-)availability criterions to these resources.
· Priorities of existing reservations could be more effectively taken into consideration to avoid collisions and creating pre-emption situations. Currently, some high priority reservations could be overlapped by a lower priority transmission if the threshold is not properly set or if the threshold is sufficiently increased (due to enough resource availability to reach X%).
Proposal 2: Enhanced SL resource allocation can use existing information within the detected SCIs such as retransmission index, period and priority, to improve the resource selection procedure. 
These pieces of already available coordination information can be used in any part of enhancements, such as Step 1, Step 2, Pre-emption identification/reselection.
Explicit coordination information
The UEs operating in autonomous mode of sidelink resource allocation can exchange explicit information for inter-UE coordination. Such information can take different forms. 

If UE-A and UE-B are involved in sidelink communication, for the coordination purpose, UE-A will determine a set of resources. UE-A can choose a set of preferred resources according to a given criterion. It can choose the resources which are simply available if it performs sensing for resource selection. It can additionally use a second criterion, for example the set of resources with lowest received signal energy. This criterion can be in the form of resources where UE-A does not intend to transmit itself. All of these or any set of similar criterion can let UE-A determine a set of “preferred” resource where UE-A hopes to have better decoding probability if transmitted. 

In a dual approach, UE-A can determine a set of resources which are not suitable from reception point of view. As an example, if it performs an indicative resource selection, the resources detected with periodic reservations and/or large enough RSRP are not suitable resources to transmit data to UE-A. Similarly, the set of resources where UE-A is transmitting or intends to transmit are not suitable for its reception as due to duplexing, it will not be able to receive anything. In addition, the resources for which UE-A has received periodic reservations from reception perspective can be listed as non-preferred resources. There could be other criterion to determine a set of non-preferred resources to which UE-A does not consider suitable if UE-B needs to transmit data to UE-A. For non-preferred resources, UE-A can indicate the respective RSRP thresholds associated to these resources. To avoid signalling burden, the ranges of RSRP can be defined/pre-configured and used for grouping the non-preferred resources in these ranges.

UE-A can thus prepare a set of coordination information bits, which may comprise either a set of preferred resources, or non-preferred resources or a combination thereof. It would be important to keep flexibility in the coordination information design; thus few bits should define what are the contents of the coordination information.

The coordination information can bring benefits in the resource selection but it incurs an overhead as this information will typically be exchanged over the sidelink resource itself. Thus, an important aspect of the coordination information exchange is related to the timing and periodicity of such exchanges. If coordination information is exchanges on a very long term basis, UE-A may not know its duplexing restrictions (transmit instants etc.) and limited knowledge about the reservations from neighbouring UEs, thus limiting the benefit of coordination information. On the contrary, when coordination information is exchanged on a short time scale basis, UE-A may have very mature knowledge about its duplexing constraints and the SL reservations in its neighbourhood. This may bring significant improvement in the reliability when UE-B receives such timely information. On the downside, it increases the overhead of exchanging this coordination information on the sidelink.

Resource Selection using the Coordination Information
When UE-B has obtained the coordination information from UE-A, it can incorporate the received coordination information as part of its resource selection procedure for its transmissions destined to UE-A. Below are provided some notable candidates for embedding coordination information in the resource selection procedure.
Enhancements for Step 1 Resource Identification 
Resource identification makes the first step of current resource selection algorithm. Step 1 is based on measured SL-RSRP and both transmission priorities configured as part of resource pool configuration. If a reservation as a measured RSRP that goes beyond the threshold corresponding to their priority pair, it will be removed for the set of available resources.
When UE-B has received the coordination information from UE-A, step 1 is its resource selection procedure can be updated in several ways, including having discrimination of resources and the criterion applied on these resource to determine their (non-)availability. For instance:
· Different SL-RSRP threshold tables can be applied on resources indicated as part of coordination information. 
· SL-RSRP thresholds can be updated differently on selected groups of resources when X% is not reached.
· Selected group of resources can be automatically excluded from step 1 available set based on the coordination information, without applying the SL-RSRP threshold. These resources can however be brought back for consideration if it is not possible to reach X%.

Proposal 3: Step 1 of resource identification in resource selection can apply different processing for resources indicated as part of coordination information. 

Enhancements for Step 2 resource selection
The coordination information can be incorporated in step 2 of resource allocation, solely or in combination with update to step 1 processing. Current Step 2 receives all resources which are output of step 1 and considers them equal for a (pseudo) randomized selection. 
Based on the coordination information available, the selection of resources should not be blindly done over all the available set. Incorporating the coordination information by updating the step 2 can bring significant advantage in terms of latency and reliability. Certain groups of resources can be prioritized over others, when it is considered favourable either for the user performing the selection or for the overall system performance. For instance, based on priority or expected chances of collisions.
Alternatively, when a user has performed a resource selection for its (re)transmission, it can also perform a validation check whether the resource selected does not violate the coordination information. As an example, it should not be one of the non-favourable resources indicated in the coordination information. 
Proposal 4: Step 2 of resource allocation procedure can incorporate the coordination information either by updating the random selection or by applying a validity check after the resource selection.

Revisiting Pre-Emption and Re-Evaluation of Resources
To improve the reliability and latency aspects, pre-emption mechanism and re-evaluation of resources prior to transmission can be updated.
Self Pre-Emption over own reserved resources
When a UE has made a reservation for a transmission with a given priority, upon receiving a new data packet with higher priority, this UE can be allowed to change already announced reservation and repurpose the resource to transmit the higher priority packet. It needs to be analysed whether this mechanism should be available without performing a resource selection for the higher priority transmission, or it should be allowed if normal procedure of resource selection does not result in suitable resource, and how to categorize this suitability.
The self-pre-emption can benefit several use cases, such as:
· Internal queueing and priority management towards a given user
· Priority management and pre-emption towards another user
· Repurposing reserved resource for a transmission that has been successfully received
The self pre-emption can be considered to be limited to the same resource as reserved, or using resource that overlaps the already reserved ones. Already reserved resources do not need a whole (re)selection mechanism, while non-reserved resources require to fulfil (re)selection procedures.
Proposal 5: When a UE has selected a resource for transmission, it may be allowed to transmit a different higher priority transmission over the prior selected resource. FFS for the detailed procedure. 
The change of transmission compared to the original transmission is transparent to unrelated users and by properly adapting the fields of the SCIs that will be decoded by all nearby users anyway, no confusion shall happen. SCI fields that may need updates for self pre-emption may include: destination ID, HARQ ID, NDI, Priority, MCS, …
Self pre-emption of reserved resources without a dedicated full resource (re)selection procedure shall only be done for transmissions with identical or higher priority level, so that the priority of the actual transmission is not lowered and be perceived as not fairly reserved by other users.
Pre-emption handling for periodic reservations
One example of potential implicit coordination is a better handling of periodic reservations. In NR, periods can be configured with any value from 1ms to 99ms, and any multiple of 100ms up to 1000ms. 
In the late Release 16 discussions, it was mentioned but not agreed how to handle pre-emption and reselection for periodic reservation conflicts. One possibility was to reselect periodic resources or aperiodic resources for local replacements. Both cases and solutions can be relevant depending on the conflict and periodicities of the reservations. It is possible to leverage reservation knowledge to measure how conflicted or similar the reservations are whether it is worth performing a reselection of periodic resources or aperiodic resources only. 

Conclusions
Following proposals have been made in this document:
Proposal 1: It is proposed to consider both implicit and explicit forms of coordination for Sidelink resource allocation enhancements.
Proposal 2: Enhanced SL resource allocation can use existing information within the detected SCIs such as retransmission index, period and priority, to improve the resource selection procedure. 
Proposal 3: Step 1 of resource identification in resource selection can apply different processing for resources indicated as part of coordination information. 
Proposal 4: Step 2 of resource allocation procedure can incorporate the coordination information either by updating the random selection or by applying a validity check after the resource selection.
Proposal 5: When a UE has selected a resource for transmission, it may be allowed to transmit a different higher priority transmission over the prior selected resource. FFS for the detailed procedure. 
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