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Introduction
The study item for NR V2X was approved in RAN#86 and revised in RAN#88e [1], and the following objectives were identified in relation to resource allocation enhancements:
	The objective of this work item is to specify radio solutions that can enhance NR sidelink for the V2X, public safety and commercial use cases.
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].



This contribution discusses and analyses the features of inter-UE coordination, and its ability to enhance reliability, reduce latency as well as contribute to the power saving aspect for Mode 2 UEs. 

[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: _Ref494465620]Mode 2 Operation
In NR V2X, Mode 2 UEs are expected to carry out resource allocation autonomously. These UEs do not receive any assistance from the gNB, in the form of dynamic or configured grants, nor from any other source. They instead carry out sensing in order to determine available resources that can be used for their own transmissions.
The process of sensing [2] is where a Mode 2 UE takes into account the first stage SCIs received from other UEs in order to identify resources that have been reserved by these other UEs in the recent past. It also measures the SL RSRP in time slots to determine the interference levels if the UE were to transmit in these resources. This would enable the UE to identify available resources for its transmissions. The process is depicted in Figure 1.
When a Mode 2 UE intends to carry out a transmission, the process of resource selection is triggered, where the UE considers the sensing results over a time period in the past, prior to the triggering of the resource selection. This sensing window commences either 1100ms or 100ms in the past, T0, and concludes shortly before the process is triggered, Tproc,0.
Using this information, the UE selects resources within a selection window, which begins shortly after the resource selection trigger, T1, and its end, T2, is determined by the packet delay budget associated with the packet due to be transmitted. If a resource within this window is deemed to be below an SL RSRP threshold, which is determined by the priority of the packet to be transmitted and the SCI received in the given resource, the resource is included into a candidate resource set. In the case that the resources in the candidate resource set is below a certain percentage with respect to the resources within the selection window, the UE then proceeds to relax the SL RSRP threshold that was previously used, in steps of 3dB. The percentage of available resources is associated with the priority of the intended transmission. Once the required size of the candidate resource set is achieved, the UE then randomly selects resources from the populated candidate resource set for the transmission of the packet.
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Figure 1: Depiction of the sensing process, with the sensing and selection window [2].
Apart from the sensing procedure, a few additional features were included in Release 16 to avoid any potential resource collisions. These are discussed in further detail in the following section.

Features Introduced in Release 16 for Mode 2 UEs
The latest release for NR V2X provides Mode 2 UEs with the ability to reserve resources for future transmissions, re-evaluate a reserved resource for any potential resource collision by any other UE, as well as facilitates pre-emption for higher priority transmissions.
Future Reservation of Resources
UEs can select and reserve up to 2 more resources in the future, and indicate the same in the transmission of a SCI related to a current transmission. These future resources can be used for retransmissions of the packet, either for blind or HARQ-based retransmissions.
UEs can also select and reserve resources in the future for an initial transmission of a later packet, in an SCI associated with the transmission of the current packet. The SCI indicates the time period after which the future resources are reserved, and can be used for periodic transmissions.
Re-evaluation of Reserved Resources
Before a UE transmits in a reserved resource, the UE will re-evaluate the resource by generating a candidate resource set of available resources at that point in time. If the reserved resource is included in the new candidate resource set, it would indicate that the resource is indeed available, and can be used by the UE for transmission. 
It is possible that the selected resource is not available in the candidate resource set because of SCIs that have been received outside of the original sensing window that was used to determine the reserved resource. In this case, the UE will carry out resource reselection, in order to avoid any resource allocation collisions.
Pre-emption of Reserved Resources
This feature enables UEs with high priority transmissions to claim a reserved resource from another UE that has reserved it for a lower priority transmission. This would trigger the UE with the lower priority transmission to vacate the previously reserved resource, and carry out resource reselection.
This will not only avoid resource collisions, but will also ensure that high priority packets have resources available for transmission.

Issues Faced by Mode 2 UEs
The robustness of the sensing procedure, and the added features to assist the Mode 2 UEs with the resource selection process, ensure the avoiding of resource collisions to a large extent. However, these features rely heavily on the availability of reliable sensing results, that enable the UEs to select available resources. It is possible for UEs, however, to be incapable of gathering adequate or completely reliable sensing results. UEs that then proceed to carry out resource selection using these sensing results would end up selecting resources with either high interference, or worse, cause resource collisions.
In this section, we identify possible scenarios where these collisions are detrimental to the proper functioning of Mode 2 UEs. 
Missing Sensing Results due to Half-Duplex Constraint
Due to the half-duplex nature of V2X UEs, when a UE is transmitting a packet on a given time slot, it will not be able to receive any transmissions from other UEs, and in extension, will not be able to judge whether another UE had transmitted an SCI on the time slot. Hence, it would miss out on sensing results for these time slots when it transmits. In scenarios where a UE has lots of data packets to transmit, it will end up with missing out on sensing results on multiple time slots. This would result in an incomplete sensing result.
Unused Resources due to Resource Reservation
Considering periodic traffic, a UE indicates the resource reservation period in the SCI for future periodic transmissions. UEs that receive these SCIs and are carrying out sensing take into account the resources for the indicated possible periodic transmissions, and are thus excluded from the candidate resource set. However, for the UE intending to transmit periodically, it might happen that the transport block does not arrive in the physical layer before the reserved time instances. It is also possible for UEs transmitting periodically to pause their transmissions temporarily. In these scenarios, the resources excluded by the sensing UEs are left unused, resulting in inefficient resource utilization.   
In the case of HARQ enabled transmissions, a UE can reserve up to 2 future resources for the purpose of retransmissions. However, it is possible that the transmitting UE may receive an ACK for the initial transmission itself, rendering the remaining two reserved resources unused. Since the UE had already indicated in the SCI that the future resources are reserved, other UEs that are carrying out sensing would exclude these resources from their candidate resource set, resulting in available and unused resources not being considered by other UEs for their own transmissions.
Resources with High Interference in Candidate Resource Set
When the UE attempts to define the candidate resource set, it is possible that the percentage of available resources that the UE can detect is lower than the percentage defined for a given priority. This would force the UE to increase the SL RSRP threshold and include resources that could cause higher interference for a potential transmission. Since there is no upper limit as to how many times the UE can increase the SL RSRP threshold, the UE can continue to increase the threshold and hence, the populated candidate resource set might not represent the best resources available to the UE within the sensing window.
Resource Collisions due to Hidden Nodes
Resource collisions due to hidden nodes occur when two transmitting UEs are outside each other’s transmission range, and the same resources are used for transmitting to nearby receiving UEs, causing high interference. This problem results in transmitting UEs not taking into account the other’s reserved resources, and not excluding these resources from one’s own candidate resource set. This opens up the possibility of both the transmitting UEs selecting the same resources for their respective transmissions to even a common receiver UE. Figure 2 shows an illustrative example of the hidden node problem. UE-A and UE-B are too far from each other to receive each other’s SCIs, and the indicated reserved resources. Consequently, both UE-A and UE-B could select interfering resources for their transmission to UE-C, resulting in a potential resource collision.

 [image: ]
Figure 2: Depiction of Resource Collisions due to the Hidden Node Problem.

Power Saving UEs
The introduction of UEs capable of SL operations that are power constrained, such as pedestrian UEs and public safety UEs, would require them to obtain reliable sensing results in order to transmit on resources without collisions. However, pedestrian UEs in Rel. 14 had utilized shorter sensing windows in order to achieve power saving. This would result in inadequate sensing results, and would cause resource collisions in the quest to save power.
Observation 1: Existing Release 16 Mode 2 operations strive to avoid resource collisions as long as UEs have a reliable sensing result. 
Observation 2: Missed sensing results as a consequence of the half-duplex constraint as well as the selection of high interference resources owing to increased SL RSRP thresholds and hidden nodes lead to UEs having unreliable or inadequate sensing results.
Observation 3: The resource selection process, while using these unreliable or inadequate sensing results, could select resources that result in collisions.
Observation 4: Reserved but unused resources may result in inefficient resource utilization.
Inter-UE Coordination
In order to overcome the issue of unreliable or inadequate sensing results discussed in the previous section, and enhance reliability and reduce latency through resource allocation enhancements, the WID [1] has identified inter-UE coordination as one of the possible solutions.
Inter-UE coordination is achieved when a UE-A shares its candidate resource set with another UE-B so that the UE-B can use this information in order to assist its process of resource selection. This was explored in depth during the study phase of Release 16, under the form of Mode 2(b) and Mode 2(d) [3]. The following sections highlight some of the features of inter-UE coordination that were identified during the study phase, followed by the possible implementation aspects that have to be worked on in the current release.

Features of Inter-UE Coordination
The following are a few of the highlighted features of using inter-UE coordination, where UE-A sends assistance information messages to UE-B to assist in its resource allocation.
Determination of Available Resources in Unmonitored Time Slots 
As identified earlier, due to the half-duplex constraint, UE-B would miss out on sensing results in time slots when UE-B was transmitting data. UE-A can provide UE-B with a set of available resources that includes information regarding the available resources in these missing time slots. This would assist UE-B in building a reliable candidate resource set from which it can select resources for its own transmission without causing any resource collisions. This can be seen in Figure 3.
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Figure 3: Assistance information messages providing UE-B with information regarding available resources in time slots that were unmonitored by UE-B.

Determination of Unused Resources
Considering the case of periodic transmissions, UEs receive SCIs indicating the resource reservation period and exclude the resources for the indicated possible periodic transmissions during the sensing procedure. It is possible for transmitting UEs to pause an on-going periodic transmission for a specific duration of time. In such a scenario, UE-A can send assistance messages to inform UE-B that it can consider these unused and periodically indicated resources in their candidate resource set, which would be otherwise excluded. This would result in better resource utilization and enhance reliability of UEs.
In the case where UE-A had reserved resources in the future, but will not be using them due to the reception of an early ACK, UE-A can provide information regarding these resources to UE-B. This would enable UE-B to consider these resources within its candidate resource set, which would otherwise have been excluded, providing it with more available resources to select from for its own transmissions. This would also provide a means to utilize these unused resources, thereby increasing the resource utilization of a resource pool. This has also been depicted in Figure 3.
Increased Reliability of Selected Resources
If UE-B receives an assistance information message from UE-A containing a candidate resource set that would cater to a selection window for an upcoming transmission by UE-B, it will enable UE-B to use the candidate resource set in combination with its own sensing results that it had obtained during the sensing window. This would allow UE-B to cross-check and verify that the candidate resource set that it has selected is indeed available, increasing the confidence level of UE-B when selecting resources for its transmission. This would also substantially reduce the adverse effects of the hidden node issue highlighted earlier.
Reduced Sensing Effort by UE-B
In the case that UE-B is a power constrained UE, like a pedestrian UE or a public safety UE, it can reduce its sensing time, or even avoid sensing altogether, as well as achieve reliable resource selection by using the candidate resource set provided by UE-A. This would not only enable UE-B to save power, but also merge its own limited sensing results with the assistance information message from UE-A to select reliable, non-colliding resources.
Improved Determination of Available Resources
The introduction of inter-UE coordination and assistance messages between UEs can possibly address the exposed node problem. When two transmitting UEs are within each other’s transmission range, their sensing procedure excludes each other’s reserved resources to prevent collisions. However, when their intended receiver UEs are out of the transmission range of each other, the transmitting UEs end up excluding resources which would not cause collisions. Figure 4 shows an illustrative example of this issue. UE-A and UE-B are in each other’s transmission range, and thus the reserved resources indicated by their SCIs are excluded from their respective candidate resources sets. However, the receiving UEs, UE-C and UE-D, are not affected by the possible interference caused due to reusing of the same resources, because of their distance from the other transmitter UEs, UE-B and UE-A, respectively. Assistance messages between these transmitting UEs can address this issue, as well as enhance their resource utilization efficiency.
Observation 5: Inter-UE coordination can enhance the reliability of candidate resource sets by the following means:
· Providing resource information in unmonitored time slots,
· Enabling the improved determination of available and unused resources,
· Combining limited sensing information with received assistance information,
· Improving the utilization of resources.
Proposal 1: We propose to use inter-UE coordination in order to overcome the issues of unreliable or inadequate sensing results, as well as the under-utilization of resources.
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Figure 4: Inter-UE coordination assisting in the exposed node problem.

Challenges to Consider for Inter-UE Coordination
In order to implement inter-UE coordination for Release 17, the following are a few of the aspects that need to be considered in the study part of the work item.
Content of the Assistance Message
One aspect of inter-UE coordination is the content of the information that UE-A provides to UE-B. UE-A can provide either a complete candidate resource set with respect to a given selection window. It is also possible that the UE can provide only a subset of these resources, that might assist UE-B in its resource selection.
Transmission Medium
It is possible for UE-A to send these assistance messages using the PHY layer, MAC layer or using RRC signalling. In Release 16, RRC messages can be sent between UEs only in a unicast manner. If the PHY layer is to be used, it has to be determined whether the message can be sent on the PSCCH alone, or using the PSSCH.
UEs Providing Assistance Messages
Another aspect that needs to be taken into consideration is whether all UEs or only a subset of UEs send the assistance information messages. All UEs should be capable of providing assistance information messages to other UEs. However, it is possible for UE-B to request UE-A for such an assistance message, where in response to such a request, UE-A could either generate a fresh candidate resource set based on its sensing results, or share already collected sensing results to other UEs.
[bookmark: _GoBack]Actions by Transmitting/Receiving UEs
From a transmitter UE perspective, it is possible for UE-A to provide a candidate resource set even if it does not have any transmissions on its own. Furthermore, to avoid additional signalling exchanges among UEs, a mechanism for UE-A to timely transmit the assistance messages is required.  
The way UE-B treats the received assistance messages is an aspect that would need further exploration. This is because the UE would be able to use the content of these messages in combination with its own sensing results, or use only the candidate resource set provided by UE-A.
Proposal 2: We propose to consider the following design aspects of inter-UE coordination:
· Content of the assistance message,
· Transmission medium,
· Which UEs provide these assistance messages,
· Actions taken by transmitting/receiving UEs.

[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Conclusion
Observation 1: Existing Release 16 Mode 2 operations strive to avoid resource collisions as long as UEs have a reliable sensing result.
Observation 2: Missed sensing results as a consequence of the half-duplex constraint as well as the selection of high interference resources owing to increased SL RSRP thresholds and hidden nodes lead to UEs having unreliable or inadequate sensing results.
Observation 3: The resource selection process, while using these unreliable or inadequate sensing results, could select resources that result in collisions.
Observation 4: Reserved but unused resources may result in inefficient resource utilization.
Observation 5: Inter-UE coordination can enhance the reliability of candidate resource sets by the following means:
· Providing resource information in unmonitored time slots,
· Enabling the improved determination of available and unused resources,
· Combining limited sensing information with received assistance information, 
· Improving the utilization of resources.
Proposal 1: We propose to use inter-UE coordination in order to overcome the issues of unreliable or inadequate sensing results, as well as the under-utilization of resources.
Proposal 2: We propose to consider the following design aspects of inter-UE coordination:
· Content of the assistance message,
· Transmission medium,
· Which UEs provide these assistance messages,
· Actions taken by transmitting/receiving UEs.

References
1. RP-201385, “WID revision: NR sidelink enhancement”, LG Electronics, 3GPP RAN#88e, June - July 2020.
1. TR 37.985 v16.0.0, “Overall description of Radio Access Network (RAN) aspects for Vehicle-to-everything (V2X) based on LTE and NR (Release 16)”, June 2020.
1. TR 38.885 v16.0.0, “Study on NR Vehicle-to-Everything (V2X) (Release 16)”, June 2020.


8/8
image1.emf
Time

slot n

Sensing Window [n-T0,n-T

proc, 0

] Selection Window [n+T1,n+T2]

T0

T2,T2

min

≤T2 ≤ remaining PDB

T

proc, 0

T1


image2.png
., \
UE-A and UE-B select interfering resources for their

transmission to UE-C, resulting in a resource collision
U v





image3.emf
Sensing Window

Unmonitored timeslots by UE-B

Availableresources determined 

by sensing by UE-B

Availableresources in unmonitored time slots, 

indicated by assistance messages from UE-A

t

f

Reserved but unused resources, indicated 

by assistance messages from UE-A


image4.png
Transmission Range of UE-A

Transmission Range of UE-B





