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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]. An early revision of Rel-17 package for RAN [3] also considered potential critical leftovers from Rel-16 as a topic for discussion in the cancelled face-to-face RAN#87:
NR Sidelink enhancements: Power efficiency, Resource allocation and potential other critical leftovers (TBD in March)
However, due to the current worldwide pandemic, RAN time line of Rel-17 was shifted. Now, after concluding NR V2X sidelink WI in RAN1#101-e and RAN2#110-e [2], critical leftover can be easily identified.
In this document, we draw attention towards the critical NR V2X Rel-16 leftovers and essential enhancements for Rel-17 from the automotive industry perspective.
 
NR Sidelink Enhancements Discussions
In this contribution, we focus on the automotive critical requirements  for the NR sidelink enhancement and its identified motivations. The current approved WID [1], only considers two important motivations (i.e., based on the summary in [4]):
· Power saving enables UEs with battery constraint to perform sidelink operations in a power efficient manner
· Enhanced reliability and reduced latency allow 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. Power saving mechanisms for sidelink are important for VRU use cases and other vehicular low-power scenarios, e.g., during long-term parking. More critical is the second bullet: “enhanced reliability and reduced latency”, which covers Rel-16 limitations in some communication conditions, e.g., when the channel is relatively busy and the advanced V2X use cases QoS cannot be achieved. 
Observation 1: Enhanced reliability and reduced latency motivations are very critical for automotive use cases.
In the same scope, 5GAA sent an LS to RAN/1/2 requesting the respective RAN work groups to consider the potential enhancements for Rel-16 and the potential re-scoping of Rel-17 according to aspects (1)-(3) and (4)-(5) in [5], respectively. Moreover, several automotive companies have also raised similar request during RAN#86 addressing V2X automotive perspective Challenges [6].
In the following, we discuss in details the essential requirements for NR sidelink as considered by the automotive vertical.
Essential Leftovers for NR V2X Rel-16 
The following are the essential NR V2X Rel-16 leftovers from the automotive perspective, i.e., sorted according to their criticality in descending order. We propose to treat the following open issues in Rel-16 maintenance and in Rel-17 work to enhance the NR sidelink. .
Resource Allocations Enhancements for Mode 2 
The first aspect in 5GAA LS to TSG RAN and RAN WGs [5] considers the enhancements for resource allocation in Mode 2, as this mode is envisaged to be deployed in many parts of the world. The main requirement here is to avoid packet collisions when selected resources overlap. A similar concern was raised by automotive companies in [6] considering, additionally, the need to avoid consecutive packet losses is addressed, .e.g., due to repeated collisions or overlapping of periodic resources. The latter issue was also addressed in the second objective in the new SL WID [1], i.e., in the study part.
  
NR-V2X Rel-16 introduces two new enhancements that aim at avoiding resource collisions, namely pre-emption (based on priorities) and re-evaluation of resources before transmission/reservations. In our understanding, these two mechanisms can avoid resources overlapping only for one-shot transmissions, i.e., dynamic reservations. In our understanding, for periodic reservations, RAN1 WG didn’t agree on how to perform re-evaluation and/or pre-emption for periodically reserved resources (whether they are signaled in sidelink control channel (SCI) or not). It was rather left to the interpretation of the specifications and/or UE implementation. Therefore, we encourage that this issue is revisited and identified clearly during finalizing the technical specifications to fulfil the resource allocation requirement for Mode 2 in [5].

Proposal 1: Support discussing the specification requirements for pre-emption and re-evaluation of periodic reservation in Rel-16.


Sidelink Synchronization Clusters Formation
The issue of multiple synchronization clusters is a very critical topic that may lead to packet loss in some communication scenarios. When this happens, it may result in unacceptable V2X performance degradation as it may be related to safety issues as stated in [5] and [6]. Therefore, the issue needs an urgent treatment by RAN1 working groups as a maintenance to Rel-16. However, additional enhancements may be left for Rel-17. In our opinion, and in order to constructively focus more on this issue, we propose to split it into two different cases:

· Case A: cluster formation within complete out-of-coverage scenarios (e.g., within a tunnel or underground parking lot): in this case, also in absence of GNSS signals, multiple UEs may announce themselves as synchronization sources forming multiple synchronization clusters around them in these out-of-coverage areas. 
· Case B: cluster formation due to the hierarchical design of NR-V2X in mixed scenarios: In this case, cluster can be seen between in coverage and out-of-coverage scenarios, e.g., vehicles just driving into or leaving  the complete out-of-coverage spots. In this case, it is important to analyze and discuss whether and how the multiple sync. source capability in Rel-16 SL is able to handle this requirement without leading to any critical issues.

[bookmark: _GoBack]Case A was already addressed during the last few RAN1 meetings and only one potential solution was proposed, i.e., considering SL-SSID sorting [7]. However, it was not possible to agree on this solution and the topic was not discussed after RAN1#100b-e. In our opinion, this problem is a critical safety related issue that requires further discussion in RAN1 to avoid clusters formation to mitigate performance degradation in this case. For case B, which is also a critical issue, some proposals suggested to use the multiple synchronization source capabilities as a possible solution. If this is the case, then RAN1 needs to discuss if this solution needs further specifications effort in Rel-16 or consider it as a leftover for Rel-17.

Proposal 2: We support a solution avoiding cluster formation in:
· Case A: complete out-of-coverage scenarios,
· Case B: when vehicles leave or merge to out-of-coverage spots,
as a maintenance to Rel-16 or, if not possible, leftovers for Rel-17.

Efficient Usage of Radio Resources
During the previous RAN1 discussions, the V2X RAN1 group agreed that frequency resources are very scarce and precious, which require optimal resources handling. However, it was clear that some subchannel-size configurations (for different sub-carrier spacing) may result in unused resource block(s). In other words, the number of available resource blocks divided by the subchannel size may not result in an integer number, which affects negatively the spectral efficiency.

Some proposals have considered adopting 2 subchannel sizes per resource pool configuration, i.e., where the last subchannel size is different from the remaining subchannels to accommodate, if any, all remaining resource blocks. The main objection for this solution was the considerably high specifications impact needed during Rel-16 maintenance phase. 
Even though some workarounds have been proposed, they are not necessarily enhancing the spectral efficiency as required by 5GAA.  
In RAN1#101-e, it was agreed that Rel-16 will not consider any functionality for the unused resource blocks in this case; leaving this requirement away.
Therefore, this issue can be considered as a Rel-16 essential leftover which may need treatment in future releases, e.g., starting from Rel-17 on.
Proposal 3: Consider a solution to avoid wasting resource blocks for all possible subchannel sizes and SCS targeting Rel-17 and beyond.

Essential Re-Scoping of NR Sidelink Enhancements Rel-17
Mode 2 Enhanced Reliability and Reduced Latency
The sidelink enhancements WID [1] explicitly lists RAN#88 meeting (which is replaced by the current RAN88-Electronic meeting) as a checkpoint for the scope of this work item. This is related to the following “Resource allocation enhancement” objective’s study aspects:
--------------------------------------------------------- WID in RP-193257 -----------------------------------------------------
· 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#89), and specify the identified solution if deemed feasible and beneficial [RAN1, RAN2]
· Inter-UE coordination with the following until RAN#88.
· 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#88 is to be decided in RAN#88.
· 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.
-----------------------------------------------------------------------------------------------------------------------------------------
The previous sub-bullets address an important study with respect to inter-UE coordination allowing resource determination and avoiding consecutive packet loss. These bullets already target some critical automotive concerns regarding reliability issues in mode 2. However, Rel-17 schedule was shifted due to the current world-wide pandemic and the study was not possible before RAN88-e. Therefore, we request to update these check points and set the deadline to RAN90-e instead of RAN88. This would allow enough time to study the feasibility and the benefits of this issue before it is concluded for the normative work.
Proposal 4: Extend the deadline of the check-points in objective 2 – second bullet- from RAN#88 to RAN#90-e to allow enough time to study the issue.

Sidelink Multi-Carrier Operations
From the automotive point of view, multiple carrier operation is an essential feature that can efficiently utilize the ITS spectrum in different countries/regions/regulations. Herewith, multiplexing of different services on different bands is a common understanding in automotive industry, e.g., day 1 application can be dedicated to one carrier and other advanced use cases can be multiplexed to other carriers at the same time. 
During the discussion of the scope of NR sidelink enhancement Rel-17 [4], multi-carrier operation gained support from several companies, where the associated motivations are:
· Increasing reliability, e.g., via packet duplication
· Increasing data rates, e.g., via carrier multiplexing/aggregation and synchronization to multiple carriers at the same time. 

Unfortunately, this feature is neither considered in Rel-16 nor Rel-17; although LTE V2X (Rel-15) has multi-carrier operation for enhancing reliability. 
In our understanding, if NR-V2X needs to bring in a better (or at least similar) performance compared to LTE-V2X, multicarrier communication needs to be specified. As a baseline, multi-carrier operation using packet duplication in Rel-15 can be considered. This would enhance reliability. Additionally, the UE can multiplex data on multiple carriers to enhance both latency and/or data-rate. This will also allow the UE to support different V2X application with different requirements at the same time.  

Proposal 5: Consider Sidelink multi-carrier operations in Rel-17, where the UE is conducting transmission multiplexing or packet duplication on the different carriers.
	
Sidelink Positioning (a new parallel SI)
The automotive section understands that precise positioning is crucial for ITS and autonomous driving, where 5G Uu and SL positioning are important enabling technologies. In its LS [5], 5GAA requested TSG RAN to re-consider sidelink positioning in Rel-17. Additionally SA1 requirements includes very challenging relative lateral and longitudinal positioning accuracy that may not be achievable with Uu positioning only. Therefore, sidelink positioning needs to be considered for complementing the Uu positioning techniques. Having such a positioning accuracy readily available at the communication protocol will enhance sidelink communication and V2X service at least for VRU protection and other use-cases where the internal positioning capabilities are not be sufficient. 
In previous 3GPP meetings, several companies already support sidelink positioning for advanced V2X use-cases [4]. In RAN#86, it was also agreed to discuss during upcoming RAN meetings possible use-cases and requirements for sidelink positioning like e.g., V2X, PS and commercial sidelink services. During this meeting, RAN#88-e, a new SI is proposed to identify use cases and functionalities for sidelink positioning. This study item need to be supported to achieve precise positioning in addition to the Uu positioning techniques.
Proposal 6: Support a new study item considering NR SL position techniques.
Important Sidelink Evaluation Methodology Updates
We support the requirements raised by the automotive industry in RAN#86 [6] to perform simulations to evaluate NR-V2X performance in more V2X realistic scenarios, e.g., highway Scenario Option B (including different vehicle types and speed diversity) and realistic antenna models. This requirements was capture as a Note in the first objective. Therefore, it is important to encourage NR sidelink RAN1 group to conduct new evaluation methodology considering this Note.

--------------------------------------------------------- WID in RP-193257 -----------------------------------------------------
· Note: TR 37.885 is reused for the other evaluation assumption and performance metric. Vehicle dropping model B and antenna option 2 shall be a more realistic baseline for highway and urban grid scenarios. 
-----------------------------------------------------------------------------------------------------------------------------------------
Observation 2: RAN1 need to consider the realistic simulation assumptions mentioned in Rel-17 SL WID, i.e. Highway Scenario Option B and realistic antenna models.
In addition, it is also important to study the performance of periodic reservation with the realistic (and highly dynamic) traffic models taken from the V2X advanced use cases, e.g., using cooperative Perception Message (CPM) or Maneuver Coordination Message (MCM). Currently, the NR-V2X simulation profile includes only periodic and a periodic traffic models which do not directly fit to these previously mentioned messages. Therefore, in order to evaluate the performance of the currently specified periodic reservation for realistic advanced V2X use cases, we also propose to consider new simulation assumptions including these traffic models.

Proposal 7: We propose to consider new simulation assumptions including realistic periodic traffic models that matches advanced V2X use cases requirements.
Conclusion
Observation 1: Enhanced reliability and reduced latency motivations are very critical for automotive use cases.
Observation 2: RAN1 need to consider the realistic simulation assumptions mentioned in Rel-17 SL WID, i.e.,, highway Scenario Option B and realistic antenna models.
Proposal 1: Support discussing the specification requirements for pre-emption and re-evaluation of periodic reservation in Rel-16
Proposal 2: We support a solution avoiding cluster formation in:
· Case A: complete out-of-coverage scenarios,
· Case B: when vehicles leave or merge to out-of-coverage spots,
as a maintenance to Rel-16 or, if not possible, leftovers for Rel-17.
Proposal 3: Consider a solution to avoid wasting resource blocks for all possible subchannel sizes and SCS targeting Rel-17 and beyond.
Proposal 4: Extend the deadline of the check-points in the objective 2 – second bullet – from RAN#88 to RAN#90-e to allow enough time to study the issue.
Proposal 5: Consider Sidelink multi-carrier operations in Rel-17, where the UE is conducting transmission multiplexing or packet duplication on the different carriers.
Proposal 6: Support a new study item considering NR SL position techniques.
Proposal 7: We propose to consider new simulation assumptions including realistic periodic traffic models that matches advanced V2X use cases requirements.
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