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Introduction
The scope of the new work item NR sidelink enhancement has been approved in RAN#86 physical meeting, Sitges, Spain [1]. Last updated of this WID has been approved in RAN#90-e [2]. In NR sidelink enhancement WI, the objective of resource allocation for power saving has been updated to include the impact of sidelink DRX as follows:
	· Specify resource allocation to reduce power consumption of the UEs [RAN1, RAN2]
· Baseline is to introduce the principle of Rel-14 LTE sidelink random resource selection and partial sensing to Rel-16 NR sidelink resource allocation mode 2.
· Note: Taking Rel-14 as the baseline does not preclude introducing a new solution to reduce power consumption for the cases where the baseline cannot work properly.
· This work should consider the impact of sidelink DRX, if any.



The objective of Mode 2 enhancements is as follows:
	· [bookmark: _Hlk66638400]Study the feasibility and benefit of solution(s) on 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(s) if deemed feasible and beneficial [RAN1, RAN2]
· Inter-UE coordination with the following.
· 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 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.



On this objective, RAN1 made the following conclusion for feasibility and benefits of inter-UE coordination [3]. A summary of detailed observations from evaluation results for inter-UE coordination is in [4].
	Conclusion:
· RAN1 concludes that the inter-UE coordination in Mode 2 is feasible, and is beneficial (e.g., reliability, etc.) compared to Rel-16 Mode 2 RA, and thus recommends specification of the feature.
· The detailed observations can be found in the attachment of the LS


 
NR Sidelink Enhancements Discussions
In this contribution, we focus on the automotive requirements for the NR sidelink enhancement and their possible impact on scoping sidelink enhancements WI. The current approved WID [1] considers two important motivations (i.e., based on the summary in [4]):
· Power saving enabling UEs with battery constraint to perform sidelink operations in a power efficient manner
· Enhanced reliability and reduced latency allowing the support of URLLC-type sidelink use cases in wider operation scenarios.
It is important to mention that automotive industry and vehicular communication directly benefit from these two motivations. In the following section, we describe our understanding for each objectives and we propose our further consideration for the scope of this WI.  
Power Saving Further Sidelink Enhancements
Power saving mechanisms for sidelink are important for VRU use cases assuming pedestrian UE or limited power vehicles, e.g., two-wheeler and eBikes. Each of these limited power vehicles may require different power consumption and may have different communication capabilities. In RAN1, at least for evaluation purposes, it was agreed to consider two types of UEs, Type A UE (no sensing capability) and Type D UE (sensing/partial sensing capability). However, for practical automotive use cases, it is also important to specify multiple UE capabilities considering the aforementioned UE’s different power classes.
Observation 1: There are different UE requirements and capabilities for different VRU UE types, e.g., pedestrian, eBikes, two-wheeler, etc.
Proposal 1: For sidelink power saving, RAN WGs should specify solutions allowing multiple UE sidelink capabilities  
Another import automotive use case under this objective is the automated valet parking (AVP), i.e., depicted in Figure 1. In this case, a vehicle parking for a long time needs to sleep and, then, tune (from time-to-time) to wake-up calls for picking up or charging. Therefore, long DRX cycle, DRX cycles alignment, and wake-up signals (WUS) may be used to conduct efficient sidelink communication while saving power during parking. We encourage RAN1 and RAN2 to prioritize solutions allowing for DRX cycle alignment and wake-up signals for sidelink.
Observation 2: Automated valet parking is an important use case for SL power saving, where vehicles are sleeping until receiving wake-up signals (WUS) for pick-up or charging
Proposal 2: RAN1 and RAN2 are encouraged to consider solutions for sidelink DRX cycles alignment and wake-up signal (WUS) 
[image: ]
Figure 1: Automated valet parking (AVP) where vehicles are controlled automatically to wake-up and be picked-up. Since 2015, Bosch started developing AVP systems that is now considering opportunities with NR sidelink [7]
It is understandable that enhancements introduced in Rel-17 should be based on the functionalities specified in Rel-16. Additionally, WID [1] states clearly that Rel-17 sidelink should be able to coexist with Rel-16 sidelink in the same resource pool without causing problems (e.g., interference, etc.) to each other. This design constrained is very important and avoids us discussing any fragmentation of, at least, the scarce ITS bands. 
However, the WID does not clearly state how Rel-16 sidelink UE will be able to transmit, receive, and decode data/control (i.e., PSCCH/PSSCH/ PSFCH) to (from) Rel-17 UE. Specifying new solutions that do not exist in Rel-16, e.g., DRX and DRX wake-up alignment, may impact Rel-16 and Rel-17 mutual communication (e.g., for safety related messages). To clearly visualize our concern, let us assume a safety related scenario, when a VRU (e.g., an eBike uses sidelink Rel-17) with a sidelink DRX/wake-up/sleeping cycle is communicating to a Rel-16 vehicle. If the VRU sidelink DRX cycle is not considering the sidelink transmission of Rel-16 UEs, a communication mismatch may arise. Such a mismatch needs to be addressed and avoided. Therefore, it is important to agree on a working assumption guiding the WGs, involved in Rel-17 sidelink enhancements, regarding this backward compatibility issue.
Observation 3: A safety related problem may arise if a Rel-17 VRU is not able to communicate properly with a Rel-16 vehicle in the same resource pool.
Proposal 3: Encourage WGs to ensure that Rel-17 sidelink enhancements are backward compatible to Rel-16 sidelink
Sidelink Resource Allocation Enhancements
Another critical objective for automotive/V2X is the “enhanced reliability and reduced latency”, which covers Rel-16 limitations in some communication conditions, e.g., when the advanced V2X use cases QoS cannot be achieved. RAN1 considered three different inter-UE coordination categories in [4] as follows:
	RAN1 has studied and evaluated schemes of inter-UE coordination in the following categories:
· Type A: UE-A sends to UE-B the set of resources preferred for UE-B’s transmission
· e.g., based on its sensing result
· Type B: 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
· Type C: UE-A sends to UE-B the set of resources where the resource conflict is detected


Each of these types may have different design flavors, which may require different solutions at the end (which we need to discuss extensively in RAN1). Detailed analysis of the evaluation of these types are presented in [4]. Majority of the results show that inter-UE coordination is beneficial and mainly enhances reliability. Some sources also demonstrated latency enhancements; however, assuming some idealistic feedback assumptions. Nevertheless, RAN1 the final conclusion states that the inter-UE coordination in Mode 2 is feasible and beneficial for, e.g., reliability, where latency was not clearly stated.  
In our understanding, feedback overhead and feedback latency is of great importance, which may not be easily demonstrated with PRR and PIR only. Therefore, in the one hand, we recommend to specify the inter-UE coordination in the WID considering reliability enhancements. We may also consider decoupling it from latency enhancements. On the other hand, we propose to consider prioritization of solutions that only minimize inter-UE coordination overhead and inter-UE coordination signaling overhead or signaling latency. 
More specifically for V2X use cases, consecutive packet losses is one of the main concerns and an important requirement brought by automotive companies in [6]. During the study phase of this objective, consecutive packet losses was considered to be due to, e.g., repeated collisions or overlapping of periodic resources (e.g., due to half-duplex), i.e., which means it is handled by Type C and/or Type B according to RAN1 classification of inter-UE coordination. Therefore, Type C and/or Type B or a combination of Type C+B is very beneficial to most of automotive/V2X use cases that requires reliability, avoidance of consecutive packet losses, and limited latency/signaling overhead.
However, there are some native automotive use cases that may require Type A inter-UE coordination when latency constraints are not very restrictive. E.g., in case of steady-state platooning and some situation of group-start use cases. Those use cases require reliability, which is also the advantage of Type A inter-UE coordination. Another non-latency sensitive automotive communication use cases, is VRU in low speed areas. In this case, a vehicle may use Type A or Type B assisting other vehicles with limited sensing capabilities to select their resources. Therefore, in our opinion, we do not wish to down scope among the three inter-UE coordination types as far we can identify benefits for each type, limit its overhead, and connect it to some target use cases. 
Even though, RAN1 did not agree on detailed solutions for each of the previous types (Type A-C), in our opinion, we are still able to see at least the following options to minimize overhead and/or latency (without restricting the discussion to cast-type and/or HARQ feedback options [if HARQ feedback-based is enabled]):
· Type A: considering signaling a set of future resources to be use used by other UEs, where the signaling overhead can be minimized if the set represents periodic reservation (SPS) or only one subsequent resource aperiodic transmission.
· Type B or Type C: may indicate (consecutive) packet losses either in future resources (B) or in past (C), where overhead can also be minimized using periodic reservation or a single aperiodic resource. 
· Combination of A, B, and C: where C+B combination is our preferred option (i.e., referring to past and future resource conflicts). This solution will have the minimum overhead only in case of periodic resource reservation. This can also avoid consecutive packet loss.
In general, the solutions that will be specified in SL Rel-17, we have to observe the signaling overhead and overhead latency. One amongst many solutions is to consider inter-UE coordination at least for:
· periodic resources, where the signaling overhead and overhead latency is limited to the initial transmission only
· a single aperiodic resource reservation for only one subsequent transmission, which may be possible only according to the latency budget
Furthermore, we are also supporting specifying other solutions that may reduce latency without inter-UE coordination, e.g., by enhancing reservation in the selection window or by enhancing periodic reservation according to realistic V2X period traffics. 
Observation 4: Inter-UE coordination in Mode 2 is seen beneficial at least for reliability enhancements; however, it has multiple flavors may have different overhead and latency.
Observation 5: At least 3 different categories for inter-UE coordination, where each category may include different solution with different signaling overhead
Observation 6: down scoping among the three inter-UE coordination types is not required if we can identify benefits for each type, limit its overhead, and connect it to some target use cases.
Proposal 4: Specify inter-UE coordination in Rel-17 SL [at least] for reliability enhancements. Additionally, prioritize inter-UE coordination solutions ensuring 
· Low overhead and low latency inter-UE coordination signaling, e.g., assuming periodic reservations and a single aperiodic resource reservation
Proposal 5: Study -then specify- other resource allocation mechanisms ensuring low latency of sidelink communication without inter-UE coordination signaling, e.g., considering Rel-16 leftovers 
Essential Leftovers for NR V2X Rel-17 
Some essential leftovers from Rel-16 can be easily addressed in Rel-17 SL enhancements and will ensure high reliability and/or low-latency. At least, one low-hanging fruit could be the mixed feedback-based and autonomous HARQ, which ensures high reliability.
Another important issue, which is one of the main concerns in automotive and V2X scenarios, is the realistic periodic traffic consideration for V2X messages, e.g., CAM*, CPM*, MCM*, etc. In [5], it is shown that for CAM periodic V2X traffic, the messages may have some aperiodic nature which requires adaptation of periodic reservation in sidelink. One can easily conduct that CPM and MCM will have similar behavior as the messages containers are frequently updated and depend on many variables. This quasi-aperiodic behavior is centric around:
· fluctuating periodicities, e.g., when the generation roles changes, and 
· variable messages sizes for different situations and based on detected objects
Therefore, we propose the following to be covered as essential leftovers in the “Other” agenda item:   
Proposal 6: Consider in the “Other” agenda item:
· Specifying mixed ACK-based and autonomous-based HARQ
· Specifying enhancements to periodic resource reservations to minimize resource re-selection,
· Prioritize work on solutions ensuring adaptive periodic reservations.
[bookmark: _GoBack]*CAM: cooperative awareness message
*CPM: collective perception message
*MCM: maneuver coordination message
Conclusion
Observation 1: There are different UE requirements and capabilities for different VRU UE types, e.g., pedestrian, eBikes, two-wheeler, etc.
Observation 2: Automated valet parking is an important use case for SL power saving, where vehicles are sleeping until receiving a wake-up signals (WUS) for pick-up or charging
Observation 3: A safety related problem may arise if a Rel-17 VRU is not able to communicate properly with a Rel-16 vehicle in the same resource pool.
Observation 4: Inter-UE coordination in Mode 2 is seen beneficial at least for reliability enhancements; however, it has multiple flavors may have different overhead and latency.
Observation 5: At least 3 different categories for inter-UE coordination, where each category may include different solution with different signaling overhead
Observation 6: down scoping among the three inter-UE coordination types is not required if we can identify benefits for each type, limit its overhead, and connect it to some target use cases.

Proposal 1: For sidelink power saving, RAN WGs should specify solutions allowing multiple UE sidelink capabilities  
Proposal 2: RAN1 and RAN2 are encouraged to consider solutions for sidelink DRX cycles alignment and wake-up signal (WUS)
Proposal 3: Encourage WGs to ensure that Rel-17 sidelink enhancements are backward compatible to Rel-16 sidelink
[bookmark: _Ref55091672]Proposal 4: Specify inter-UE coordination in Rel-17 SL, at least for reliability enhancements. Additionally, prioritize inter-UE coordination solutions ensuring 
· Low overhead and latency inter-UE coordination signaling, e.g., assuming periodic reservations and single aperiodic resource reservation
Observation 5: At least 3 different categories for inter-UE coordination, where each category may include different solution with different signaling overhead
Proposal 6: Consider in the “Other” agenda item:
· Specifying mixed ACK-based and autonomous-based HARQ
· Specifying enhancements to periodic resource reservations to minimize resource re-selection,
· Prioritize work on solutions ensuring adaptive periodic reservations.
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