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Introduction
The RAN WG approved study item on NR Sidelink Enhancements [1]. The study item includes the following objective:
	· 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].


In this contribution, we express our views on sidelink enhancements targeting mode-2 enhancements in terms of latency and reliability. Our views on other sidelink enhancement objectives are provided in companion contributions [2]-[3].
Potential Mode-2 Enhancements
Latency Enhancements
One of the Mode-2 resource selection steps is random selection of resource for transmission from random determined candidate resource set. The random selection of resource from candidate resource set may significantly increase latency of communication since it does not prioritize early in time resources for sidelink transmission. Therefore, even if system has low loading the UE will do a random backoff in time instead of starting transmission on one of the earliest in time available resources. Consequently, such legacy behaviour may also affect overall reliability of transmission due to reduced amount of time to transmit the packet thanks to purely random selection of resource.
In order to address this issue, UE may prioritize selection of early in time resource within candidate resource set. For instance, among NCS available candidate resources in a set, UE may select MEIT earliest in time resources and randomly pick one out of MEIT resources for initial transmission of a TB. This step may also be repeated for retransmissions. 
One potential drawback of this scheme is that it may motivate collisions for initial transmissions due to “effective reduction of resource selection window” for initial transmission. Although this observation seems valid our analysis shows that there is no noticeable performance loss observed in terms of PRR while latency gains are significant. If companies continue to express concern on increase of collisions for initial transmissions, we would like to suggest a compromised solution and prioritize earliest in time resources for transmission depending on CBR. If CBR is low the probability of collisions is small and thus prioritizing early in time resource for transmissions UE can still benefit from latency reduction. If CBR is high, the value of MEIT can be set to NCRS and legacy behavior is preserved in this case.


At least for initial transmission of a TB, prioritize selection of resource among MEIT earliest in time candidate resources out of NCRS resources of candidate resource set
Consider configuration of MEIT values as a function of CBR

Reliability Enhancements
Exclusion of Resources Reserved by Target TX to Target RX
The resource exclusion procedure developed in Rel.16 transparent to the source of sidelink transmission. In other words, transmissions from target TX (targeting given UE) and from other TX (targeting other UEs) are treated in the same way. In our view resources for transmissions from target TX should be excluded more aggressively in order to minimize, reduce probability of half-duplex. This can be achieved by using separate configuration of RSRP thresholds for resource exclusion. 

Inter-UE Coordination
Inter-UE coordination is debated as one of the techniques to further optimize performance of NR sidelink for V2X or other applications. According to WID objectives the following solution is considered and RAN1 is tasked to evaluate feasibility and benefits:
	· 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


In our view, the introduction of new scheme is justified only if reliability benefits are observed for the most typical/both periodic and aperiodic traffic models.
In this contribution, we considered the following schemes for analysis of feasibility and benefits.
· Option 1: Rel. 16 UE behaviour (Reference)
· Option 2 (Unicast Communication Only): 
· Target RX UEs share information on candidate resource set with Target TX UEs. TX UEs selecting resource pick resource from intersection of candidate resource sets. If intersection set is empty UE fallbacks to selection from its own candidate resource set.
· Option 3: (Broadcast Communication Only):
· TX UE selects two RX UEs assisting in resource selection. One selected vehicle UE is ahead of the TX vehicle and another one is behind TX vehicle. Both assisting UEs are within a range of [300-400]m from TX vehicle.
· Selected RX UEs share information on candidate resource set with zero delay with respect to trigger of resource selection.
· TX UE reselecting resources forms candidate resource set and takes its intersection with candidate resource sets from assisting UEs. If intersection set is empty UE fallbacks to selection from its own candidate resource set.
The reliability of above schemes is estimated at the system level and results are provided in the Section 3. In all modelled options we do not consider HARQ feedback and rely on blind retransmissions. Further study is needed for unicast communication with HARQ feedback enabled to draw more conclusions.
Evaluation Results
In this section, we provide system level evaluation results of schemes targeting to provide latency and reliability enhancements.
Evaluations of Schemes Targeting Latency Enhancements 
In this section, we provide PRR and latency analysis for scheme targeting latency enhancements as described in Section 2.1. We analyze the following scenarios where we prioritize for selection earliest in time resources from candidate resource set that was constructed based on Rel.16 design:
1. Scenario 1: No early in time prioritization
1. Scenario 2: Early in time prioritization for initial transmission only
1. Scenario 3: Early in time prioritization is applied to all resource selection attempts
The results of evaluation clearly show significant latency gain w/o any noticeable degradation in PRR (please refer to Figure 1).
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[bookmark: _Ref47293373]Figure 1: Reliability and Latency Performance Analysis

Evaluations of Inter-UE Coordination Schemes Targeting Reliability Enhancements
In order to simplify evaluation of inter-UE coordination scheme targeting reliability enhancements, we applied the following evaluation assumptions in our study:
· Assumption 1: UE deliver candidate resource set (CRS) in genie-aided manner and w/o delay i.e. UEs share CRS right at the time instance of resource selection trigger
· Assumption 2: CRSs are shared virtually w/o actual modeling of overhead and transmission of new signals associated with sharing of this information.
These assumptions are ideal and can be used to illustrate achievable upper performance bounds. More practical evaluations should consider signaling overhead and delay of sharing candidate resource sets by assisting UEs.
The performance evaluation results under assumptions 1 and 2 are shown in Figure 2.
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[bookmark: _Ref47293991]Figure 2: Reliability Performance Analysis for Unicast and Broadcast Communication modes

Based on analysis presented in Figure 2, we have following observations. 
In case of aperiodic traffic, no benefits from RX assistance are observed for both unicast and broadcast communication scenarios. This fact can be potentially explained by introduced in Rel.16 re-evaluation scheme, since the intersected candidate resources are non-uniformly distributed and concentrated at the end of resource selection window. The re-evaluation step running every slot may overwrite the intersection resource since transmitter has new sensing information every slot and importance of RX assistance information reduces every slot which does not allow to improve performance.
At the same time for periodic traffic, the candidate resource set is selected among resources which occupancy information is available across whole selection window. Therefore, this information could be useful for transmitter node. However, even in case of periodic traffic, and idealistic assumptions (genie-aided assistance information exchange) the performance improvement is rather limited and does not seem justify further specification work.

Conclusions
[bookmark: _GoBack]In this contribution, we have provided our views on potential schemes for latency and reliability enhancements of Mode-2 sidelink communication. Based on provided analysis, we suggest prioritizing discussion and work on latency enhancements solutions where we observe a clear room for improvement rather than RX assistance schemes where performance benefits based on our initial studies and observations seems to be very limited.
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Annex – A: Evaluation Assumptions
In this section, we provide the list of evaluation assumptions used for analysis in this contribution.
Assumptions for Evaluations of Latency Enhancements
Below we provide summary of evaluation assumptions used for latency enhancements evaluations
[bookmark: _Ref534982661]Table 1: System level evaluation assumptions for pre-emption and feedback-based communication studies
	Parameter
	Value

	Deployment scenario
	· Highway Option A scenario from NR V2X methodology
· Vehicle speed = 140 km/h

	Channel model
	TR 37.885, NR V2X Channel Model

	Spectrum allocation
	Carrier frequency: 6GHz
Simulated Bandwidth:20 MHz

	Subcarrier spacing
	30 kHz

	Communication mode
	Broadcast

	Traffic model
	Aperiodic variable packet size traffic (TR 37.885 Aperiodic Model 1 traffic):
· Packet size: uniform in the range [200..2000] Byte with quantization step of 200 Byte 
· Inter-packet arrival time: 50 ms + an exponential random variable with the mean of 50 ms
· Latency requirement: 50 ms
· 100% Vehicle UEs transmit data 

	TTI structure
	NR Slot TTI: 10 Symbols for Data, 4 Symbols total overhead

	Sidelink control TX parameters 
	64 Bits
QPSK Modulation

	SCI/Data frequency resource allocation
	· PSCCH: 5 PRB
· PSSCH: 25 PRB

	SCI/Data time resource allocation
	· PSCCH: 2 Symbols
· PSSCH: 10 Symbols

	Data Packet Tx parameters
	Aperiodic variable packet size evaluations: 
· 200 Byte packet: QPSK, 2 TTI (CRTTI = 0.28, CRAll = 0.14)
· 400 Byte packet: QPSK, 2 TTI (CRTTI = 0.55, CRAll = 0.28)
· 600 Byte packet: 16-QAM, 2 TTI (CRTTI = 0.42, CRAll = 0.21)
· 800 Byte packet: 16-QAM, 2 TTI (CRTTI = 0.55, CRAll = 0.28)
· 1000 Byte packet: 16-QAM, 3 TTI (CRTTI = 0.70, CRAll = 0.23)
· 1200 Byte packet: 16-QAM, 3 TTI (CRTTI = 0.83, CRAll = 0.28)
· 1400 Byte packet: 16-QAM, 4 TTI (CRTTI = 0.97, CRAll = 0.24)
· 1600 Byte packet: 16-QAM, 4 TTI (CRTTI = 1.11, CRAll = 0.27)
· 1800 Byte packet: 16-QAM, 5 TTI (CRTTI = 1.25, CRAll = 0.31)
· 2000 Byte packet: 16-QAM, 5 TTI (CRTTI = 1.39, CRAll = 0.35)


 Assumptions for Evaluations of Reliability Enhancements
	Parameter
	Value

	Deployment scenario
	· Highway Option A scenario from NR V2X methodology
· Vehicle speed = 70 km/h

	Channel model
	TR 37.885, NR V2X Channel Model

	Spectrum allocation
	Carrier frequency: 6GHz
Simulated Bandwidth:20 MHz

	Subcarrier spacing
	30 kHz

	Communication Mode(s)
	Unicast, Broadcast

	UE-to-UE Association
	· UEs are randomly paired within [0..320]m range
· Each UE may participate only in single pair. 
· Only one UE in each pair transmit data

	Traffic model
	Aperiodic variable packet size traffic (TR 37.885 Aperiodic Model 1 traffic):
· Packet size: uniform in the range [200..2000] Byte with quantization step of 200 Byte 
· Inter-packet arrival time: 50 ms + an exponential random variable with the mean of 50 ms
· Latency requirement: 50 ms

Periodic variable packet size traffic:
· Packet size: [800, 1200] Byte with probabilities [0.8, 0.2] accordingly
· Inter-packet arrival time: 50 ms
· Latency requirement: 50 ms 


	TTI structure
	NR Slot TTI: 10 Symbols for Data, 4 Symbols total overhead

	Sidelink control TX parameters 
	64 Bits
QPSK Modulation

	SCI/Data frequency resource allocation
	· PSCCH: 5 PRB
· PSSCH: 25 PRB

	SCI/Data time resource allocation
	· PSCCH: 2 Symbols
· PSSCH: 10 Symbols

	Data Packet Tx parameters
	Aperiodic variable packet size evaluations: 
· 200 Byte packet: QPSK, 2 TTI (CRTTI = 0.28, CRAll = 0.14)
· 400 Byte packet: QPSK, 2 TTI (CRTTI = 0.55, CRAll = 0.28)
· 600 Byte packet: 16-QAM, 2 TTI (CRTTI = 0.42, CRAll = 0.21)
· 800 Byte packet: 16-QAM, 2 TTI (CRTTI = 0.55, CRAll = 0.28)
· 1000 Byte packet: 16-QAM, 3 TTI (CRTTI = 0.70, CRAll = 0.23)
· 1200 Byte packet: 16-QAM, 3 TTI (CRTTI = 0.83, CRAll = 0.28)
· 1400 Byte packet: 64-QAM, 3 TTI (CRTTI = 0.65, CRAll = 0.22)
· 1600 Byte packet: 64-QAM, 3 TTI (CRTTI = 0.74, CRAll = 0.25)
· 1800 Byte packet: 64-QAM, 3 TTI (CRTTI = 0.83, CRAll = 0.27)
· 2000 Byte packet: 64-QAM, 3 TTI (CRTTI = 0.92, CRAll = 0.31)

Periodic variable packet size evaluations:
· 800 Byte packet: 16-QAM, 2TTI (CRTTI = 0.58) 
· 1200 Byte packet: 16-QAM, 2TTI (CRTTI = 0.87)



	HARQ Feedback
	Disabled
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