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Introduction
Performance analysis of LTE-V Rel-14-15 [1, 2] has shown that although the technology contains the potential to become a solution for V2X safety purposes, there are still some fundamental challenges, in particular when compared to other technologies. In Rel-16 [3, 8] work has been done to address these challenges. However, some challenges still remain and need further attention to adapt the technology to the constraints automakers face.
In this contribution we wish to emphasize these challenges which are crucial for the automotive industry, with the hope they will receive the proper attention.  
Challenges from the Automotive Perspective
In this section we outline some challenges as viewed by automakers in NR V2X with the hope that these challenges will be resolved to ease the technology proliferation.
Performance in High Mobility and Carrier Spacing Numerology
Observation 1: Vehicle high mobility introduces Doppler spread that may significantly impact link performance.

As the UE’s speed increases, the Doppler spread effects become more dominant. To prevent degradation of the link performance, one simple solution is to increase sub carrier spacing (SCS). In LTE-V, the SCS is 15KHz, similarly to the Uu link. To improve resilience to Inter Carrier Interference (ICI), NR V2X considers also carrier spacing of 30KHz, 60KHz and 120KHz [3].

As can be seen in [4, Figures 1-2], the link level performance gain induced by increasing the SCS from 30KHz to 60KHz is significant, especially when using 2 antennas - the option of choice in the automotive industry. It is quite possible that such gain would affect system level performance as well, hence the choice of the SCS numerology requires thorough research.   

Observation 2: The current standard implies that broadcast safety use cases can only be supported if all UEs use the same carrier spacing (numerology) regardless scenario and region. 

It was agreed that “The numerology configuration is part of the SL BWP configuration… In a carrier, only one SL BWP is configured for a UE, …From the UE point of view, a resource pool is inside the UE's bandwidth, within a SL BWP and has a single numerology” [3]. 

In other words, all the UEs assigned to the same SL BWP (Side Link Band Width Part) are meant to use the same numerology. For broadcast safety use cases, all UEs must be assigned to the same BWP so that they have the potential to receive all the messages from their surroundings. Hence, the current state of the standard can support safety only if it’s guaranteed that all UEs use the same numerology for all broadcast safety messages.

Observation 3: Appling the same numerology for all broadcast safety messages, regardless the scenario, may result in unfavourable performance. 

Increasing the SCS, enhances the technology’s resilience to ICI. However, SCS increase may induce additional effects. Since the symbol duration is shortened, it may increase sensitivity to synchronization issues. The increase of SCS also results in the reshaping of the resources from which a UE needs to select its allocations, hence the resource allocation procedure may need adjustments as well. 
As this issue affects also system aspects, the type of environment and the vehicles’ density may also need to be considered to decide the optimal numerology per scenario. Thus, it is possible that the optimal numerology for each scenario, depending the environment, vehicles’ density and speed, resource allocation protocol, etc. would be different. 
This notion is well reflected in the results displayed in [3], where in some graphs increasing the carriers spacing improved results, where in other graphs the trend was reversed.

Proposal 1: A thorough research needs to be conducted to find the optimal numerology per scenario. Even if the optimal numerology wouldn’t be chosen for all the scenarios, it is essential to be aware of the performance degradation due to such a choice. 
As this work has to do with many of the system aspects, it all must be done within 3GPP purview.

It is possible that to achieve satisfactory performance, especially for safety purposes, a suitable numerology would have to be chosen per scenario. Under these circumstances, the technology technical spec. must determine how do UEs know that a numerology change is needed and how UEs using different carrier spacing should co-exist with each other, e.g. in overlapping areas of reception that use different carrier spacing settings.

Proposal 2: The coexistence between UEs using different carrier spacing and the way UEs shift between various carrier spacing regimes should be considered within Rel-17 work.


Out of Coverage Deployment
Observation 4: There are system level challenges with regards to synchronization and resource allocation for both Mode 1 and Mode 2. The option to rely on other UEs for synchronization hasn't been explored thoroughly enough from a system level perspective to be incorporated as a recommended solution. 

In LTE-V [1], one of the synchronization options is to rely on the eNB (in coverage- Mode 3). However, as different UEs in one area may be connected to different operators, these UEs (connected to different operators) are synchronized to different references. A similar situation also exists when a vehicle crosses a border between two countries (cross border scenario). In Europe such scenario happen very often.
 
In Mode 4 of LTE-V, the ability of a UE to synchronously transmit without a GNSS signal being received (e.g. tunnels, underground parking lots etc.) can lead to the loss of packets.

Mode 1 and 2 of NR V2X encapsulate very similar challenges to Mode 3 and 4 of LTE-V. These challenges have not been addressed and need to be dealt with. 

The standard proposes a solution to the scenario where the GNSS signal can’t be received in Mode 2 through synchronization signals transmitted by other UEs [3]. However, the standard doesn’t specify how a UE identifies the need of transmitting/receiving such signals, nor does it quantify the amount of signalling required to make this option reliable enough. In addition, the impact of this mechanism on the system throughput has not been investigated. These knowledge gaps hinder the adoption of UE generated synchronization signals as a solution to the out of coverage case. 
The impact of the transition between different synchronization sources of one UE on the communication to other UEs is yet not clear (E.g. a vehicle driving into a tunnel without GNSS reception and the need to communicate with vehicles outside of the tunnel). 

Proposal 3: The situation of UEs using different synchronization sources in Mode 1 and 2 should be addressed and impacts on the communication between those UEs should be diminished during Rel-17.
 
Too Many Options to Down Scale from for a Real-World Deployment
Observation 5: NR V2X Rel-16 offers multiple options for numerous aspects of the standard. It is unclear how the different settings of each option interact with each other and which combinations are not advisable to use.

The NR V2X Rel-16 standard offers multiple options for various aspects, to name a few [3]:

· Possible carrier spacing for FR1: 15KHz, 30KHz and 60KHz
· For 60KHz sub-carrier spacing in FR1 there can be normal and extended Cyclic Prefix (CP)
· 4 options for multiplexing of a PSCCH and associated PSSCH 
· Several option for DM-RS patterns
· Various resource allocation protocols which differ in the number of re-transmissions, the extent of resource reservation, long-term/short term sensing, etc.
It is extremely difficult to draw conclusions when the simulations are performed with multiple parameters being different between simulations. Naturally, for each of the above-mentioned topics only very few options can be chosen to allow good coexistence. At the current state, however, many of the options have not been explored and real deployment simulations of one coherent system have not been conducted.
Proposal 4: The multiple options per topic in Rel-16 standard should be reduced so that a proper evaluation of the remaining options can be completed.

Simplified Simulation Assumptions
Observation 6: The system level simulation profiling does not use some of the scenarios and models that were agreed upon in the evaluation methodology stage. Simulations with idealized scenarios make it much harder to figure out the system performance in a real-world deployment.   

The simulation profiling presented in the technical report of Rel- 16 [3, Annex A.1] with the addition of the CR in [5] does not include some of the models and scenarios that were agreed upon in the evaluation methodology stage (see [6]): 

· Highway Scenario Option B- Currently the simulation profiling includes only Option A for the Highway scenario. Option A lacks 3 important aspects of the real-world conditions:
· Vehicle types diversity- In Option A all vehicles are of the same type. Obviously, in the real-world environment not all vehicles are identical. Especially in a real highway scenario, the vehicle types are considerably diverse (private vehicles, trucks of different sizes and lengths, SUVs, etc.). Considering all vehicles to be of the same type, degenerates the NLOSv factor in the simulation to be of a fixed mean and standard deviation. This is hardly a real-world assumption.
· Vehicle speed diversity- In Option A all vehicles have the same relatively high speed (140km/h or 70km/h). Though in an optimal scenario all vehicles on the highway may experience the same relatively high speed, quite often this is not the case. A scenario where vehicles experience different speeds especially when high speeds are involved provides a better understanding of the Doppler effects in a realistic environment. Ignoring such a scenario may hide potential performance degradations.
· High Vehicle Densities- In Option A the lowest speed is 70km/h. Since the vehicles’ density in the simulation is decided based on their speed (see [6]), this implies a relatively low vehicle density. However, frequently traffic jams occur on highways. Thus, it is also important to examine the technology performance under high vehicles density. The importance of this issue is emphasized in light of the fact that LTE-V had some challenges in comparison with other technologies (see [2,7]). Understandably it is important to improve performance given the use cases we deal with. 
All these aspects are taken under consideration in Option B, hence it is important to include this scenario in the simulation profiling.
· Antenna Model for Vehicle UE- Currently the simulation profiling includes only Option 1 for a vehicle UE’s antenna model. This Option is lacking the effects of real-world radiation patterns on vehicles. It needs to be noted that the whole vehicle body affects the antenna’s radiation characteristic. Throughput and coverage of communication systems are affected by real-world antenna characteristics. It is therefore expected that efforts to maximize throughput and coverage are based on simulation profiling which reflect real-world antenna characteristics. 
Proposal 5: 
A. Rel-17 V2X should consider Highway Option B as an additional simulation scenario during the WI.
B. Rel-17 V2X simulation profiles should be complemented by realistic antenna models during the WI.
Observation 7: The system level simulation profiling assumes the availability of 20MHz BW per a data traffic model (periodic/ aperiodic) in the sub 6GHz band, when some regional regulations allocate only 10MHz.
The current simulation profiling assumes a 20MHz BW availability. Since it was decided that periodic traffic and aperiodic traffic would be simulated separately, it means the simulation assumes there are 20MHz for periodic data (e.g. Basic Safety Messages) and 20MHz for aperiodic data. So far, most regional regulations define a 10MHz channel spacing in the 5.9GHz band. In some regions it is unclear if and how the rest of the band can be utilised. It is important that the technology would be evaluated under the current available resources, especially since the time needed for any regulation change may be very long.
Proposal 6: Rel-17 V2X should consider 10MHz BW for sub 6GHz frequencies as a baseline assumption in the simulation profiling of the standard.

Observation 8: With current simulation profiling defined in [3,5] the performed simulations don’t provide a clear understanding of the technology performance of a vehicle UE for safety use cases.
The Change Request in [5] was designed to align the simulation assumptions with the automotive industry needs and constrains. The automakers desire to understand the NR V2X performance for broadcast safety messages (equivalent to the periodic data traffic Model 1) under the constrain of 2Rx antennas. System level performance evaluations that were submitted by the different companies prior and after the publication of [5] focus less on the evaluation of this important scenario (i.e. broadcast+data traffic Model 1+2 Rx antennas). Submitted evaluations that include part of the required simulation setting are also scarce.
Hence, based on the submitted system level evaluations so far, it is hard for the automotive industry to estimate the potential of the NR V2X technology as a technology aimed at enhanced road safety.    
Proposal 7: There should be an effort to simulate system level performance for broadcast, data traffic periodic Model 1 with 2Rx antennas to allow the automotive industry to get a grasp of the NR V2X potential in the context of road safety.

Reuse of LTE-V2X PC5 mode 4 SPS mechanism
Observation 9: NR-V2X reuses TX resource (re-)selection procedure as in LTE MAC specification.

In the last RAN1/RAN2 meeting in November [9], it was decided to assume as a working assumption that LTE-V2X PC5 mode 4 semi-persistent scheduling (SPS) mechanism is reused (mainly for periodic traffic). It is well-known that LTE-V2X SPS mechanism has several technical issues such as persistent packet collisions and persistent half-duplex problem [10]. These issues can significantly degrade the reliability, particularly in congested scenarios. Consecutive loss of packets are of critical concern for V2X safety use cases because it makes very difficult to identify potential imminent crash scenarios. For example, depending on probResourceKeep in SPS, multiple vehicles cannot detect with each other for several seconds due to consecutive packet loss, and they are not able to detect that they are experiencing traffic collisions. Therefore, persistent packet collisions and persistent half-duplex problem could have serious consequences for a wide range of V2X safety use cases.

Although these technical issues can be mitigated by HARQ retransmissions, it uses more number of resources and thus causes a lack of resources in congested scenarios. To mitigate a lack of resource due to HARQ retransmission, it requires more bandwidth, but it is spectrally inefficient. We should avoid inefficient use of precious spectrum. Therefore, some mechanisms to avoid persistent packet collisions and persistent half-duplex problem should be considered in Rel-17.

Proposal 8: Rel-17 V2X should enhance the TX resource (re-) selection procedures to avoid the persistent packet collisions and persistent half-duplex problem, especially in congested scenarios.

Summary
Observations:

Observation 1: Vehicle high mobility introduces Doppler spread that may significantly impact link performance.

Observation 2: The current standard implies that broadcast safety use cases can only be supported if all UEs use the same carrier spacing (numerology) regardless scenario and region.

Observation 3: Appling the same numerology for all broadcast safety messages, regardless the scenario, may result in unfavourable performance. 

Observation 4: There are system level challenges with regards to synchronization and resource allocation for both Mode 1 and Mode 2. The option to rely on other UEs for synchronization hasn't been explored thoroughly enough from a system level perspective to be incorporated as a recommended solution.

Observation 5: NR V2X Rel-16 offers multiple options for numerous aspects of the standard. It is unclear how the different settings of each option interact with each other and which combinations are not advisable to use.

Observation 6: The system level simulation profiling does not use some of the scenarios and models that were agreed upon in the evaluation methodology stage. Simulations with idealized scenarios make it much harder to figure out the system performance in a real-world deployment.   

Observation 7: The system level simulation profiling assumes the availability of 20MHz BW per a data traffic model (periodic/ aperiodic) in the sub 6GHz band, when some regional regulations allocate only 10MHz.
Observation 8: With current simulation profiling defined in [3,5] the performed simulations don’t provide a clear understanding of the technology performance of a vehicle UE for safety use cases.
Observation 9: NR-V2X reuses TX resource (re-)selection procedure as in LTE MAC specification.


Proposals:

Proposal 1: A thorough research needs to be conducted to find the optimal numerology per scenario. Even if the optimal numerology wouldn’t be chosen for all the scenarios, it is essential to be aware of the performance degradation due to such a choice. 
As this work has to do with many of the system aspects, it all must be done within 3GPP purview.

Proposal 2: The coexistence between UEs using different carrier spacing and the way UEs shift between various carrier spacing regimes should be considered within Rel-17 work.

Proposal 3: The implementation challenges of Mode 1 and 2 should be addressed and resolved during Rel-17.

Proposal 4: The multiple options per topic in Rel-16 standard should be reduced so that a proper evaluation of the remaining options can be completed.  

Proposal 5: 
A. Rel-17 V2X should consider Highway Option B as an additional simulation scenario during the WI.
B. Rel-17 V2X simulation profiles should be complemented by realistic antenna models during the WI.
Proposal 6: Rel-17 V2X should consider 10MHz BW for sub 6GHz frequencies as a baseline assumption in the simulation profiling of the standard.

Proposal 7: There should be an effort to simulate system level performance for broadcast, data traffic periodic Model 1 with 2Rx antennas to allow the automotive industry to get a grasp of the NR V2X potential in the context of road safety.

Proposal 8: Rel-17 V2X should enhance the TX resource (re-) selection procedures to avoid the persistent packet collisions and persistent half-duplex problem, especially in congested scenarios.
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