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Introduction
The work item for Release-17 NR sidelink enhancement includes multiple objectives [1]:
1. Sidelink evaluation methodology update: Define evaluation assumption and performance metric for power saving by reusing TR 36.843 and/or TR 38.840 (to be completed by RAN#89) [RAN1]
· 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. 
2. Resource allocation enhancement:
· 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.
· 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 discuss enhancements to the resource allocation procedure to reduce power consumption of UEs when using NR sidelink.
Power Savings in Sensing Procedure
In Rel. 14 LTE V2X, two power saving based resource selection schemes were adopted: (1) resource selection with partial sensing, and (2) random resource selection. Since LTE V2X only supports periodic traffic, these resource selection methods were designed for such traffic patterns only. However, NR SL should allow for resource selection methods that not only provide power saving benefits for the UEs, but also support both periodic and aperiodic traffic. 
[bookmark: _Toc54363048]Observation 1: The partial sensing and random selection procedures in LTE sidelink were defined for periodic reservations; whereas NR sidelink supports both periodic and aperiodic reservations.
Random Selection for Aperiodic Traffic
The random selection procedure from LTE sidelink, in which the UE randomly selects from among the resources in the selection window without sensing, can be directly applied to aperiodic reservations in NR sidelink. One question is how it impacts the performance of both the UEs performing random selection and UEs performing full sensing in the system for NR traffic.
To separate the impact of sensing procedure from that of the traffic patterns used by power-sensitive UEs, we first compare the performance using UEs with identical traffic models, NR medium with 50ms+50ms packet arrival rate and 50ms PDB. Figure 1 shows the performance of a system composed of 1000 UEs. The proportion of UEs that perform full sensing is varied and the other UEs in the system use random selection without sensing. 
The performance of UEs that perform full sensing is presented in Figure 1-a, where it can be observed that the performance of these UEs is not noticeably impacted when their proportion is reduced in the system and performance remains similar to the baseline where all UEs perform full sensing.
Figure 1-b shows the performance of UEs that do not perform sensing in the system compared to the baseline of all sensing UEs. It can observed that the performance of UEs that do not perform sensing is degraded relative to the baseline performance. 
[image: ] [image: ]
[bookmark: _Ref54295317]Figure 1 Performance impact of disabling sensing on (a) UEs that perform sensing (b) UEs that do not.
Based on these results, we note that not performing sensing in a proportion of the UEs degraded the performance of the UEs not performing sensing but did not noticeably impact UEs that perform sensing.
[bookmark: _Toc54363049]Observation 2: The performance of full-sensing UEs in the system is not noticeably impacted when a proportion of UEs is replaced with ones that not perform sensing.
Due to the low impact on other UEs’ performance in the system and that it would be a beneficial tool for power-sensitive UEs, we propose to introduce random selection without sensing for NR sidelink.
[bookmark: _Toc54363055]Proposal 1: Introduce random selection without sensing in NR sidelink.
Sensing After Resource Selection Trigger
In this section, we present two methods that trade off some power consumption and perform sensing after receiving the resource selection trigger to improve the performance without performing full sensing. The first uses re-evaluation after random resource selection and the second performs sensing after a resource selection trigger is received and then selects resources.
Re-evaluation enables the UE to change selected, but not-yet-signalled resources, based on sensing information. This allows the UE to choose different resources and avoid collisions, improving performance. In the first proposed scheme, a UE that performs random selection additionally starts sensing and performs re-evaluation after selecting resources. The sensing information used for re-evaluation would then begin at the resource selection trigger and the UE continues to perform sensing and re-evaluation until the last retransmission of the TB. This process is illustrated in Figure 2.
[image: ]
[bookmark: _Ref54304434]Figure 2: Performing random selection with subsequent revaluation
In the second method, the UE performs sensing after a resource selection trigger is received. Then resource selection is performed after the sensing window. This enables the UE to only perform sensing when necessary to benefit from the performance improvement brought by sensing while still conserving energy. Figure 3 illustrates this process, which compatible with both periodic and aperiodic traffic, especially for latency tolerant transmissions.
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[bookmark: _Ref47639509]Figure 3: Performing sensing after resource selection trigger
[bookmark: _Toc54363050]Observation 3: Performing sensing after the resource selection trigger enables the UE to only sense when needed and reduces power consumption.
The performance of both methods is shown in Figure 4 for an urban road scenario with a mix of 500 vehicular and 500 pedestrian UEs with other simulation assumptions as in Appendix A. It can be observed that performing re-evaluation significantly improves the performance of random selection and recovers most of the loss compared to the full sensing baseline. Using the second method, where resource selection waits until sensing in a sensing window of 32 slots is complete, further reduces the gap to the full sensing baseline. The primary difference between the two methods is the amount of sensing information available prior to resource selection and the initial transmission. As a consequence of the similarity between the two proposed schemes, the UE can switch from one to the other depending on traffic priority or latency, trading off an increase in power or latency for an increase in performance.
[image: ]
[bookmark: _Ref54307459]Figure 4 Performance of methods using sensing after resource selection trigger
[bookmark: _Toc54363051]Observation 4: Performing re-evaluation after random resource selection significantly improves performance compared to random selection without sensing.
[bookmark: _Toc54363052]Observation 5: Performing sensing after resource selection trigger and before resource selection significantly improves performance compared to random selection without sensing.
[bookmark: _Toc54363056]Proposal 2: Introduce random selection with subsequent re-evaluation in NR sidelink.
[bookmark: _Toc54363057]Proposal 3: Introduce sensing-based resource selection with sensing only after resource selection trigger in NR sidelink.
[bookmark: _Ref47639590]Communication Window Alignment for Partial Sensing 
This section focuses on the design of resource selection with partial sensing for NR SL. We first briefly review the LTE partial sensing solution and highlight some of its shortcomings.
Since LTE V2X only supports periodic traffic, a resource selection event for each UE can only be triggered at specific points of time. As an example, for a given UE, a resource selection procedure is triggered every 1ms; the time interval in-between every two consecutive resource selection triggering events is split into sub-intervals with duration of 100ms. A UE is given a 10-bit bitmap, where each bit maps to one sub-interval and indicates whether a UE should perform sensing or not. In the sub-intervals indicated for sensing, a UE can select a number of slots on its own and perform sensing. This is illustrated in Figure 1 below. 


Figure 5: An illustration of resource selection with partial sensing for periodic traffic.
The sub-intervals indicated as “no sensing” should be selected carefully; more specifically, the selection of these sub-intervals is dependent on the supported periodicities in the system. As an example, consider a gap of Xms between one of the “no sensing” sub-intervals and the selection window as shown in the figure above. If a system supports data transmission with a periodicity of Xms, no resource within the selection window can be chosen by a UE given that it does not perform sensing in the no-sensing interval. This explains why the LTE partial sensing approach cannot support aperiodic traffic without modifications. To clarify, let us consider the example shown in Figure 1 again; let us also assume that the resource selection trigger is moved to the point shown in Figure 2 to support an aperiodic transmission. 
[image: ]
Figure 6: An illustration of LTE’s partial sensing solution for supporting aperiodic transmissions
Since the pattern of the sensing and no-sensing sub-intervals are fixed, if a resource selection trigger moves, a UE may not be able to select any resource in its selection window. For example, in Figure 2, if the system supports traffics with periodicity of 100ms, given that the UE has not performed sensing in the no-sensing sub-interval before its resource selection window, it cannot pick any resources. 
Based on the discussions above, the first modification to the LTE’s partial sensing solution for supporting aperiodic transmissions is to remove the bitmap indicating a fixed set of sensing/no-sensing sub-intervals. 
[bookmark: _Toc54363053]Observation 6: For supporting aperiodic data transmission, configuring a UE with a bitmap indicating a fixed set of sensing/no-sensing sub-intervals should be avoided. 
By removing the fixed sensing sub-intervals, each partial sensing UE should perform sensing/transmission/reception on a subset of resources. In LTE, since the partial sensing UEs only transmit, and do not receive, their sensing intervals need not be known by other UEs. In NR SL, however, it is desirable to allow the partial sensing UEs to transmit and receive, e.g., a pedestrian UEs may receive warnings from the vehicles or a public safety UEs may need to communicate with each other in both directions. As a result, to communicate with partial sensing UEs, other UEs needs to know their activity intervals, i.e., the duration of the time that they perform sensing/transmission/reception. 
[bookmark: _Toc54363054]Observation 7: Other UEs need to know when a partial sensing UE can receive in order to communicate with it. 
Consider an example illustrated in Figure 3 where UE1, UE2, UE3 and UE4 are all partial sensing UEs; UE1 and UE2 are communicating with each other and UE3 and UE4 are communicating with each other. 


Figure 7: Two different pairs of partial sensing UEs communicating with each other; the activity durations are aligned within each pair of UEs.
As can be seen in Figure 3, the activity durations are aligned within each pair of UEs; hence, UE1 and UE2 can transmit to/receive from each other. Similarly, UE3 and UE4 can transmit to/receive from each other. However, the activity durations are neither completely aligned nor completely orthogonal across the two different pairs of UEs. As a result, some reservations made by UE1 and UE2 may not be visible by UE3 and UE4; this, in turn, would increase the collision probability.
To address this issue, a set of disjoint resource set can be defined on a resource pool, where each resource set comprises a set of consecutive SL slots and repeats with a given periodicity as illustrated in Figure 4. 


Figure 8: An illustration of a set of 3 disjoint resource sets defined on a given resource pool.
A given partial sensing UE is active, i.e., transmit and/or receive, during one or several resource sets. As an example, a group of partial sensing UEs may choose the resource set A or A and B to communicate with each other. To ensure that the reservations made by a set of UEs are visible by other set of UEs, both periodic and aperiodic reservations are limited to the instances of the same resource pool. For example, a UE can reserve resources from one instance of resource set B to the same instance or a different instance of the resource set B. As a result, all the other UEs that might be active on resource set B can potentially receive the reservations information.  
[bookmark: _Toc54363058]Proposal 4: For supporting resource selection with partial sensing, introduce a disjoint set of resources in a given resource pool, where each resource set comprises a set of slots, and repeats with a given periodicity. 
[bookmark: _Toc54363059]Proposal 5: Both periodic and aperiodic reservations are limited to instances of the same resource set. 
To facilitate communication among power-sensitive UEs and also between power-sensitive UE and an always-on UE, a power-sensitive UE can inform other UEs of its communication window.
[bookmark: _Toc54363060]Proposal 6: Support a UE informing other UEs of its reception and transmission availability.
Conclusion
Observation 1: The partial sensing and random selection procedures in LTE sidelink were defined for periodic reservations; whereas NR sidelink supports both periodic and aperiodic reservations.
Observation 2: The performance of full-sensing UEs in the system is not noticeably impacted when a proportion of UEs is replaced with ones that not perform sensing.
Observation 3: Performing sensing after the resource selection trigger enables the UE to only sense when needed and reduces power consumption.
Observation 4: Performing re-evaluation after random resource selection significantly improves performance compared to random selection without sensing.
Observation 5: Performing sensing after resource selection trigger and before resource selection significantly improves performance compared to random selection without sensing.
Observation 6: For supporting aperiodic data transmission, configuring a UE with a bitmap indicating a fixed set of sensing/no-sensing sub-intervals should be avoided.
Observation 7: Other UEs need to know when a partial sensing UE can receive in order to communicate with it.

Proposal 1: Introduce random selection without sensing in NR sidelink.
Proposal 2: Introduce random selection with subsequent re-evaluation in NR sidelink.
Proposal 3: Introduce sensing-based resource selection with sensing only after resource selection trigger in NR sidelink.
Proposal 4: For supporting resource selection with partial sensing, introduce a disjoint set of resources in a given resource pool, where each resource set comprises a set of slots, and repeats with a given periodicity.
Proposal 5: Both periodic and aperiodic reservations are limited to instances of the same resource set.
Proposal 6: Support a UE informing other UEs of its reception and transmission availability.
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Appendix A: Simulation Assumptions
	Sidelink Frequency 
	6GHz 

	Traffic models 
	Vehicular UE traffic:
Aperiodic traffic with medium Intensity 
Inter-packet arrival time: 50 ms + an exponential random variable with the mean of 50 ms 
Packet size: Uniformly distributed between [200, 400, 600, 800, 1000, 1200, 1400, 1600, 1800, 2000] bytes 
Latency requirement: 50 ms 
Reservation method: aperiodic.
Pedestrian UE traffic:
Periodic with 200ms period.
Packet size: 300 bytes
Latency requirement: 50 ms 
Reservation method: aperiodic.


	Simulation Environment 
	Urban road

	Number of Tx/Rx Antenna elements 
	1Tx/2Rx 

	Antenna Models 
	Option 1 

	SL Simulation BW 
	40MHz 

	SCS
	30 kHz

	Pathloss, shadowing, blocking and dual mobility models 
	Enabled (as per TR 37.885) 

	Number of Transmissions
	3 retransmissions

	N_MAX
	2

	T_3 (timeline)
	2000 us

	Initial RSRP Threshold
	-78 dBm

	Communication mode
	Groupcast option 1

	Required Communication Range
	160 m
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(a) Performance of full sensing UEs

20% of UEs are sensing

50% of UEs are sensing

90% of UEs are sensing

100% of UEs are sensing (Baseline)
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(b) Performance of random-selection UEs

20% of UEs are sensing

50% of UEs are sensing

90% of UEs are sensing

100% of UEs are sensing (Baseline)
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