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1 [bookmark: _Ref124589705][bookmark: _Ref129681862][bookmark: _Ref129681832]Introduction
The WID for Rel-17 enhancement to NR sidelink [1] includes the following enhancement for mode 2:
· 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 paper, we give an overview on the issues that mode 2 enhancements need to address and the potential schemes. 
2 Scope of mode 2 resource allocation enhancements
In Rel-16 mode 2 resource allocation, the Tx UE determines sidelink transmission resources for a transmission pair by the sensing and reservation mechanism. The reserved resources indicated by other Tx UEs may be excluded by the Tx UE through SCI decoding and SL-RSRP measurement. By doing so, the Tx UE can avoid interference to the receiver of other transmission pairs, depending on priorities. However, the Rel-16 mode 2 resource allocation mechanism can experience at least the following issues, which are typical to distributed resource allocation algorithms: hidden nodes, exposed nodes, and the half duplex constraint.
Hidden node issue
The hidden node issue is illustrated in Figure 1. Assume Tx UE B and Rx UE A is a transmission pair, and assume there is another Tx UE C close to Rx UE A and far away from Tx UE B. Then, it is possible that Tx UE B could not detect the SCI from Tx UE C, or the measured RSRP would be lower than the related threshold even though the SCI from Tx UE C is received. Hence, Tx UE B will not exclude the resource reserved by Tx UE C according to the Rel-16 mode 2 resource allocation mechanism. If Tx UE B selects the same resource with Tx UE C, then Rx UE A will probably be interfered by the transmission from Tx UE C. 
In this case, Tx UE B is not aware of the interference of Tx UE C from its sensing information, and the reception may fail due to the interference from UE C to UE A.
Observation 1: Rel-16 mode 2 resource allocation mechanism can experience the hidden node issue, leading to reception failure due to interference from the hidden nodes.
[image: ]
Figure 1: Illustration of hidden node: Transmission from TX UE C are hidden from TX UE B.
Exposed node issue
The exposed node issue is illustrated in Figure 2. Assume there are two transmission pairs, i.e., Tx UE B to Rx UE A and Tx UE C to Rx UE D, and assume UE B and UE C are close to each other. It is possible that UE B can decode the SCI from UE C and the measured RSRP would be higher than the threshold, then UE B will exclude the resource reserved by UE C according to the Rel-16 mode 2 resource allocation mechanism. However, since UE A is far from UE C, it is possible that UE A will not be interfered by UE C.
In this case, Tx UE B is aware of the interference of Tx UE C from its sensing information, and excludes the resource reserved by UE C. However, those resources actually can be used for transmission from UE B to UE A. So an excessive exclusion of resources happens in this case. 
Observation 2: Rel-16 mode 2 resource allocation mechanism can experience the exposed node issue, which may cause excessive exclusion of resources.
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Figure 2: Illustration of exposed node: TX UE B is exposed to TX UE C’s transmissions.
Half-duplex issue
Due to the half-duplex assumption on sidelink, a UE cannot receive SCIs in the slots where it transmits. In Rel-16 mode 2 resource allocation, for the slots in which the Tx UE has not monitored, the worst case is assumed at the Tx UE that all the candidate resources associated with any periodicity value allowed by the higher layer are excluded. Hence, over exclusion may happen in some cases. Additionally, to find enough candidate resources, the UE may need to increase the RSRP threshold, which may lead to more interference to other UEs.  
Observation 3: Rel-16 mode 2 resource allocation mechanism is subject to the half-duplex assumption, which can result in reservations being missed in a sensing UE’s resource exclusion procedure.
According to the analysis above, the hidden node issue, exposed node issue, and half-duplex assumption may degrade the system performance in terms of PRR/PIR and resource utilization efficiency, and thus need to be addressed in Rel-17 mode 2 enhancement. 
Proposal 1: The feasibility and benefits of mode 2 resource allocation enhancements are considered with regard to their ability to address the issues of hidden nodes, exposed nodes, and the half duplex constraint.
3 Potential schemes for mode 2 enhancements
In general, there could be two potential schemes for mode 2 enhancements, i.e., mode 2b-like and mode 2d-like. The general framework, procedure, and potential open issues of these two schemes are discussed in the following.
3.1 General framework
A generalized framework for mode 2b-like and mode 2d-like schemes is illustrated in Figure 3, where Tx UE, Rx UE, and coordinating UE are considered.
Mode 2b-like schemes refers to those where a Tx UE may obtain coordinating information from some other UE (e.g., coordinating UE in Figure 3), and the Tx UE takes this into account in the resource selection for its own transmission. In such schemes, the Rx UE or a UE close to the Rx UE may be selected as the coordinating UE. The Tx UE can determine its transmission resources based on the sensing and resource exclusion results from both the coordinating UE and the Tx UE itself.
Mode 2d-like schemes refers to those where one UE (e.g., coordinating UE in Figure 3) schedules sidelink transmission resources for other Tx UEs. In mode 2d-like schemes, the Tx UE can benefit from power saving, or choose to not have the ability to perform sensing for device simplification. The Tx UE obtains transmission resource from a coordinating UE, and the transmission resource may be determined by the sensing results of the coordinating UE itself. 
One key difference between mode 2b-like schemes and mode 2d-like schemes is the transmission resource of Tx UE is determined by Tx UE itself or other UEs. In mode 2b-like schemes, although the coordinating UE may give some coordinating information (e.g., recommended resources) to Tx UE, the transmission resource is finally determined by Tx UE itself. While in mode 2d-like schemes, the transmission resource is determined by the coordinating UE, and notified to the Tx UE though coordinating information.
In mode 2d-like schemes, due to the centralized scheduling by the coordinating UE, it is feasible to avoid resource collision completely within a coordinated group of UEs, thus addressing issues of hidden nodes, exposed nodes, and the half duplex constraint. For mode 2b-like schemes, under proper design on the trigger information and coordinating information, it is also possible to address these issues.
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Figure 3: Framework for mode 2 resource allocation enhancement schemes
3.2 General procedure
In general, for both mode 2b-like and mode 2d-like schemes, a trigger-based or a non-trigger based procedure can be considered. 
For trigger-based procedures, when a packet arrives at the Tx UE, the Tx UE transmits trigger information to the coordinating UE, which responds with coordinating information. So for trigger based procedures, two additional signaling exchanges are needed, i.e., the trigger information and coordinating information.
For non-trigger based procedures, the coordinating UE transmits the coordinating information to Tx UE of its own accord. This procedure has the benefit of reduced signaling overhead since, no trigger information is need. However, the coordinating UE may not know when to transmit such coordinating information since it does not know when the packet arrives at the Tx UE, and the associated parameters which are used to determine transmission resources by the coordinating UE may be different from the Tx UE’s actual requirements.
Proposal 2：Trigger-based and non-trigger based coordination procedures are considered for mode 2 enhancements in Rel-17.
3.3 Interference control 
In mode 2b-like schemes, each Tx UE selects resources on its own. Due to the nature of distributed resource allocation, it is infeasible to avoid resource collision completely even if the Tx UE may have some coordinating information. 
While for mode 2d-like schemes, it is feasible to avoid resource collision completely within a coordinated group of UEs due to the centralized scheduling by the coordinating UE, which is similar to mode 1 resource allocation. So the resource utilization and interference level is more controllable in mode 2d-like schemes, thus achieving higher reliability, higher resource utilization efficiency, lower latency, etc.
Observation 4: Due to the nature of distributed resource allocation in mode 2b-like schemes, it is not feasible to avoid resource collision completely.
Observation 5: In a mode 2d-like schemes, it is feasible to avoid resource collision completely within a coordinated group of UEs due to the centralized scheduling by the coordinating UE. This has benefits for the system performance in terms of reliability, resource utilization efficiency, latency, etc.
3.4 Signaling aspects
As discussed above, coordinating information has large impacts on the benefits of this enhancement, and is needed in both trigger-based and non-trigger based coordination procedures. This subsection discuss the potential related contents in such signaling for both mode 2b-like and mode 2d-like schemes.
In mode 2b-like schemes, a key component of the coordinating information is the recommended resources, which can be taken into account by the Tx UE in the resource selection for its own transmission. For example, the recommended resources might be the identified candidate resource set SA (as defined in TS 38.214 Section 8.1.4) obtained by the coordinating UE after its own resource exclusion procedure. The recommended resources may consist of tens or even hundreds of candidate resources. Based on the recommended resources and the Tx UE’s own sensing result, the Tx UE will determine the final transmission resources. 
The number of recommended resources is a key determinant of the system performance. If the number of recommended resources is too small, the Tx UE may determine resources based on a very small candidate set, making it infeasible to sufficiently avoid resource collisions. Moreover, since the Tx UE and coordinating UE may suffer from different interference, it’s possible that the identified candidate resources are different from Tx UE’s perspective and coordinating UE’s perspective. If the number of recommended resources is too small, there is a high probability of too little or no intersection between Tx UE’s identified candidate resource set and the recommended resources, making it infeasible to obtain a benefit from the exchange of information. On the other hand, if the number of recommended resource is too large, the signaling overhead would become infeasibly large. The exchange of coordinating information itself will occupy much resource and cause interference to other UEs, substantially eliminating the benefits of such schemes.
In addition to the recommended resources, the parameters which are used to determine the recommended resources, such as the L1 priority, may also be included in the coordinating information in the non-trigger based procedure. Otherwise, the Tx UE does not know about the applicable traffic of these recommended resources.
Whereas, in mode 2d-like schemes, the final transmission resources are determined by the coordinating UE, and notified to the Tx UE though coordinating information. So the coordinating information in mode 2d-like schemes need only include the final transmission resources, which are much fewer than the recommended resources in mode 2b-like schemes, thus having much smaller and more feasible signaling overhead.
Mode 2d-like schemes may have the benefits of much less signaling design and standardization effort. In mode 2b-like schemes, we need to design the resource indication for recommended resources. While in mode 2d-like schemes, the resource indication can likely reuse the indication of time and frequency resources in SCI 1-A.
Observation 6: For mode 2b-like schemes to show a benefit, the content of coordinating information has to be large, to ensure feasible operation of the system such that the number of recommended resources is not too small, and to ensure the Tx UE is able to understand how the coordinating UE has performed its sensing.
Observation 7: For mode 2d-like schemes, the coordinating information need only include the final transmission resources, which are much fewer than the recommended resources in mode 2b-like schemes, thus having much smaller and more feasible signaling overhead.
Proposal 3: The feasibility of the signaling exchange overhead required in mode 2 enhancement in order to obtain a sufficient benefit needs to be analyzed.
3.5 Coordinating UE identification 
For both mode 2b-like and mode 2d-like schemes, a common issue is how to identify the coordinating UE (or UEs).
For mode 2b-like schemes, the number of coordinating UEs may be difficult to determine. If the number of coordinating UEs is too large, the recommended resources from different coordinating UEs may be too diverse, and the large amount of trigger/coordinating information exchange would consume too much resource and cause high interference. However, if the number of coordinating UEs is too small, the Tx UE may not have enough information to perform a resource selection which is enhanced compared to the Rel-16 design.
Moreover, for mode 2b-like schemes, since the Tx UE may determine its transmission resources based on the sensing and resource exclusion results from both the coordinating UEs and the Tx UE itself, the distance between the Tx UE and the coordinating UE is a critical issue. For example, when the coordinating UE is far from the Tx UE, it’s highly possible that the sensing and resource exclusion results from the coordinating UE is totally different from the results obtained by the Tx UE itself. On the other hand, when the coordinating UE is close to the Tx UE, it’s highly possible that the sensing and resource exclusion results from the coordinating UE is exactly the same with the results obtained by the Tx UE itself. Therefore, the feasibility and benefits of mode 2b-like schemes may highly depend on the distance between Tx UE and coordinating UE. And the improvement of performance may only be achieved in some limited scenarios. Moreover, due to the fast variation of channel condition, it is difficult to determine a suitable distance. 
In contrast, in mode 2d-like schemes, only one coordinating UE is needed, and the coordinating UE can be the RSU unit or determined by the higher layer. So mode 2d-like schemes do not experience the “how to determine the number of coordinating UEs” issues. Moreover, in mode 2d-like schemes, only the coordinating UE needs to perform sensing. Due to the centralized scheduling by the coordinating UE, it is feasible to avoid resource collision completely within a coordinated group of UEs. So the distance between Tx UE and coordinating UE has little impact on the feasibility or benefits of mode 2d-like schemes.
Observation 8: In mode 2b-like schemes, the number of coordinating UEs, and the distance between Tx UE and coordinating UE are difficult to determine, and may highly impact the feasibility and benefits of such schemes.
Observation 9: Mode 2d-like schemes do not experience the “how to determine the number of coordinating UEs” issues, and the distance between Tx UE and coordinating UE has little impact on the feasibility and benefits of mode 2d-like schemes.
Proposal 4: Coordinating UE identification should be further considered for mode 2 enhancement in Rel-17.
3.6 Power consumption 
In mode 2b-like schemes, both the Tx UE and the coordinating UE need to perform sensing procedure, so the power consumption for all the UEs in the 2b-like system using the scheme would be increased. 
In mode 2d-like schemes, since the transmission resources are determined by the coordinating UE, the Tx UE does not need to perform sensing procedure, thus saving power. Instead of multiple UEs performing sensing, there is only one UE (i.e., the coordinating UE) performing sensing and determining transmission resources for multiple Tx UEs, hence power consumption of nearly all UEs in the system is unaffected. 
Observation 10: In mode 2d-like schemes, instead of multiple UEs performing sensing, there is only one UE (i.e., coordinating UE) performing sensing and determines transmission resources for multiple Tx UEs, which is beneficial to conserve the power consumption of more of the UEs in the system.
3.7 Simulation results
In this section, the simulation results of PRR for mode 2b-like schemes and R16 mode 2 resource allocation are provided. Unicast is considered, and more simulation assumptions are given in the Appendix.
For the assumed mode 2b-like scheme, trigger-based procedure discussed in section 3.2 is used, and the Rx UE is selected as the coordinating UE. We assume the recommended resources in the coordinating information is the identified candidate resource set SA (as defined in TS 38.214 Section 8.1.4) obtained by the coordinating UE after its own resource exclusion procedure. We assume the Tx UE obtains the final candidate resource set SA by taking the union of its own SA and the SA from the coordinating UE, i.e., the Tx UE will treat a candidate resource as available if either or both of the Tx UE or the coordinating UE identify it is available. 
This mode 2b-like scheme may be relevant in trying to solve the exposed node issue. For example, if the coordinating UE (i.e., the Rx UE in the assumed mode 2b-like scheme) identifies a resource candidate as available, but the Tx UE identifies it as unavailable, then probably the Tx UE is exposed to other Tx UEs’ transmissions. In this scheme, since the Tx UE will take the union of both SA, finally the Tx UE will treat this resource candidate as available, and thus address such exposed node cases. It is worthwhile to point out that in terms of hidden node issue, the assumed mode 2b-like scheme behaves the same as Rel-16 mode 2. 
The simulation results under highway and periodic/aperiodic traffic are given in Figure 4 and 5. It can be observed that the assumed mode 2b-like scheme has no performance gain or even has performance loss in all the simulated cases. This is mainly because although the current mode 2b-like scheme may be able to solve the exposed node issue and has the potential benefits of avoiding excessive resource exclusion, it can cause interference to other UEs when the resources which appear to be available according to the RX UE’s information are actually in use by another UE near the TX UE, substantially eliminating the benefits of such schemes.
Observation 11:  Compared with Rel-16 mode 2 resource allocation, the assumed mode 2b-like scheme has no performance gain or even has performance loss, mainly caused by the extra interference generated towards UEs which are not in the coordinating pair or set.
Based on the analysis of the open issues above and the simulation results so far, it seems the feasibility and benefits of mode 2b-like schemes are questionable. Instead, mode 2d-like schemes have clear benefits of centralized scheduling to avoid interference, much smaller and more feasible signaling overhead, robust to the distance between Tx UE and coordinating UE, etc. So we propose mode 2d-like schemes are further considered for mode 2 enhancement in Rel-17.
Proposal 5: Consider mode 2d-like schemes for Rel-17 resource allocation enhancement, i.e., consider allowing one UE schedules sidelink transmission resources for other Tx UEs.
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Figure 4: PRR for highway–A, Periodic traffic
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Figure 5: PRR for highway–A, Aperiodic traffic
4 Conclusions 
In this contribution, we discussed the enhancement for mode 2 resource allocation in NR-V2X R17.  We have the following observations and proposals: 
Observation 1: Rel-16 mode 2 resource allocation mechanism can experience the hidden node issue, leading to reception failure due to interference from the hidden nodes.
Observation 2: Rel-16 mode 2 resource allocation mechanism can experience the exposed node issue, which may cause excessive exclusion of resources.
Observation 3: Rel-16 mode 2 resource allocation mechanism is subject to the half-duplex assumption, which can result in reservations being missed in a sensing UE’s resource exclusion procedure.
Observation 4: Due to the nature of distributed resource allocation in mode 2b-like schemes, it is not feasible to avoid resource collision completely.
Observation 5: In a mode 2d-like schemes, it is feasible to avoid resource collision completely within a coordinated group of UEs due to the centralized scheduling by the coordinating UE. This has benefits for the system performance in terms of reliability, resource utilization efficiency, latency, etc.
Observation 6: For mode 2b-like schemes to show a benefit, the content of coordinating information has to be large, to ensure feasible operation of the system such that the number of recommended resources is not too small, and to ensure the Tx UE is able to understand how the coordinating UE has performed its sensing.
Observation 7: For mode 2d-like schemes, the coordinating information need only include the final transmission resources, which are much fewer than the recommended resources in mode 2b-like schemes, thus having much smaller and more feasible signaling overhead.
[bookmark: _GoBack]Observation 8: In mode 2b-like schemes, the number of coordinating UEs, and the distance between Tx UE and coordinating UE are difficult to determine, and may highly impact the feasibility and benefits of such schemes.
Observation 9: Mode 2d-like schemes do not experience the “how to determine the number of coordinating UEs” issues, and the distance between Tx UE and coordinating UE has little impact on the feasibility and benefits of mode 2d-like schemes.
Observation 10: In mode 2d-like schemes, instead of multiple UEs performing sensing, there is only one UE (i.e., coordinating UE) performing sensing and determines transmission resources for multiple Tx UEs, which is beneficial to conserve the power consumption of more of the UEs in the system.
Observation 11:  Compared with Rel-16 mode 2 resource allocation, the assumed mode 2b-like scheme has no performance gain or even has performance loss, mainly caused by the extra interference generated towards UEs which are not in the coordinating pair or set.
Proposal 1: The feasibility and benefits of mode 2 resource allocation enhancements are considered with regard to their ability to address the issues of hidden nodes, exposed nodes, and the half duplex constraint.
Proposal 2：Trigger-based and non-trigger based coordination procedures are considered for mode 2 enhancements in Rel-17.
Proposal 3: The feasibility of the signaling exchange overhead required in mode 2 enhancement in order to obtain a sufficient benefit needs to be analyzed.
Proposal 4: Coordinating UE identification should be further considered for mode 2 enhancement in Rel-17.
Proposal 5: Consider mode 2d-like schemes for Rel-17 resource allocation enhancement, i.e., consider allowing one UE schedules sidelink transmission resources for other Tx UEs.

Appendix 
The simulation assumption are given in this section.
[bookmark: _Ref520964094][bookmark: _Ref521488396]Table 1: Basic simulation assumptions for V2V links
	Parameter
	Assumption

	Frequency
	6 GHz

	Simulation bandwidth
	20 MHz

	Sub-carrier spacing 
	60 kHz

	Scheduling
	Mode 2 in Rel-16, or mode 2b-like

	In-band emission
	According to TR 36.885 evaluation assumptions, with {W, X, Y, Z} = {3, 6, 3, 3}

	Synchronization
	ideal time frequency synchronization

	Link type
	Direct vehicle-to-vehicle link

	VUE antenna model
	TR 37.885 Option 1

	MIMO scheme
	SFBC

	Traffic model
	Periodic-2: Medium intensity, 50 ms inter-packet arrival, 50% vehicles generate packets.
Aperiodic-1: Medium intensity, inter-packet arrival: 50 ms + an exponential random variable with the mean of 50 ms, 100% vehicles generate packets.

	Deployment and UE drop
	Highway-A/ Urban-A in TR 37.885

	Number of Tx/Rx antennas
	2Tx/4Rx 

	Cast type
	unicast
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