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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At RAN#86, a WI on sidelink enhancements was agreed for Rel-17 [1] and modified in [2]. In this WI, there is an objective on resource allocation enhancements to enhanced reliability: 
· 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.
· 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 RAN1#103e, an LS was sent to RAN [7] informing the status the study.
	Conclusion:
· The schemes of inter-UE coordination in Mode 2 are categorized as being based on the following types of “A set of resources” sent by UE-A to UE-B:
· UE-A sends to UE-B the set of resources preferred for UE-B’s transmission
· e.g., based on its sensing result
· UE-A sends to UE-B the set of resources not preferred for UE-B’s transmission
· e.g., based on its sensing result and/or expected/potential resource conflict
· UE-A sends to UE-B the set of resource where the resource conflict is detected
· FFS: details of resource conflict, e.g., including type of resource conflict
· FFS: details of sensing operation at UE-A side
· FFS: which type(s) of resource set information is(are) beneficial/feasible to which cast type(s)
· Note: these different types may be used in combination with each other
· From RAN1 perspective, further study on the feasibility/benefit of inter-UE coordination is required
· Send an LS to RAN plenary

Conclusion:
· For the schemes of inter-UE coordination identified as feasible/beneficial, at least the following aspects are further discussed.
· How/when UE-A determines the contents of “A set of resources”, including consideration of UL scheduling
· When UE-A sends “A set of resources” to UE-B, including which UE(s) sends it
· How UE-A and UE-B are determined
· How UE-A sends “A set of resources” to UE-B, including container used for carrying it, implicitly or explicitly or both
· How/when/whether UE-B receives “A set of resources” and takes it into account in the resource selection for its own transmission
· How/whether to define the relationship between support/signaling of inter-UE coordination and cast type



Based on the conclusions from RAN1#103, this contribution examines some UE coordination schemes and reiterate the obvious benefits of UE coordination with a use case.
UE coordination
[bookmark: _Ref61777648]Background
In RAN1#102, a discussion paper [5] discussed several views that was later captured in a summary document [4]. There were several proposals in [4].
· Companies are encouraged to consider at least the following aspects when studying the feasibility and benefit of the enhancement(s) in mode 2
· Hidden-node problem
· Exposed-node problem
· Half duplex problem
· Consecutive packet loss (as described in WID)
· [Resource collision (i.e., Time-frequency resource overlapping [and/or Time resource overlapping] caused by the reason other than hidden-node problem]
In [8] we stated significant benefits for UE coordination:
· Better system performance, since exchanging resources can enable low-level interference coordination, thus reducing collisions
· Reduced complexity UEs that do not need to perform sensing
· Reduced power consumption since one UE can do the resource allocation for other UEs, which then do not need to listen all the time
· Deployment of hierarchical systems, which are particularly useful for public safety.
We also provided some scenarios in [8] showing that UE coordination can be used for relaying and hierarchical structure. It can be especially useful for public safety services where a central controller can allocate resources for other UEs. It can also be useful for pedestrian UEs, where a RSU can allocate resources for the pedestrian UEs [10]. 
In RAN1#103, some companies wanted further studies before a conclusion about feasibility/benefit of inter-UE coordination is made. Given the availability of results in that meeting, an analysis of the results is provided based on the types of conflicts.
Discussion about simulation results
In the feature lead summary [9], simulation results were captured for several periodic and aperiodic scenarios. In general, improvements were observed for periodic scenarios while no or marginal gains were observed for aperiodic scenarios. This observation is consistent with the information provided by sensing: sensing is more effective when traffic is periodic (it is predictable). 
[bookmark: _Hlk61775892]Observation 1: simulation results show improvements for periodic scenarios when information is exchanged.
When examining the results for broadcast, groupcast, and unicast, the gains for periodic traffic vary according to the type of information sent. Table 1 summaries the analysis in [9].
[bookmark: _Ref61351302]Table 1. Examination of simulation results in RAN1#103e
	Cast type
	Highway scenario
	Urban scenario

	Broadcast
	Small gains
R1-2005897: < 2%
	Not reported

	Groupcast
	Moderate gains
R1-2008861: 5-7%
R1-2007788: 1-2% (half duplex)
	Not reported

	Unicast
	Varies
R1-2008899: 3%
R1-2008861: up to 10%
R1-2007616: 8-13% for 1 scheme
R1-2008190: 1% or up to 19% depending on traffic model
R1-2008879: 0.2%
	Small gains
R1-2008899: 3% @ 100 m
R1-2007689: 2-3% in 0-150 m



Using the analysis in [8], some results can be explained. In general, the problems of hidden-node, exposed-node, half duplex, and consecutive packet loss can be viewed as each UE attempting to establish its own TDD system without central coordination. For instance, with the half-duplex problem, two UEs transmit at the same time instead of having one UE be in receive mode. In the hidden-node problem, co-channel interference is due to two UEs transmitting at the same time on the same resources. With the exposed-node problem, two UEs are unable to share resources at the same time. The consecutive packet loss, which is partially a result of the other three problems, is an issue of persistent interference (e.g., time domain jammer). Note that reducing consecutive packet errors can also be achieved without UE coordination, as presented in section 2.3. 
Periodic broadcast scenarios
For broadcast, the two types of problems are typically half-duplex and hidden node. View the number of resources for a UE as Nslot × Nsubchannel where the periodicity of transmission is Nslot.
For a highway scenario, the number of transmitting UEs within a distance d is generally less than periodicity. With sensing, it is possible to mitigate the half-duplex problem so that it is not a factor (each UE picks its own slot for transmission). While for the hidden-node problem, the information exchange of when not to transmit can reduce the occurrence of the hidden node problem. Thus, due to the distances and light loading, only small gains are expected for a highway broadcast in the simulated scenario. 
Observation 2: The gains for coordination are expected to increase as system load increases.
For an urban scenario, there are generally more UEs transmitting within d for a given periodicity. As a result, half-duplex issues will occur more frequently. Knowing which slots have low interference can reduce half-duplex issues. The exposed node problem will also occur. Knowing which set of frequency resources to use would reduce the problem. It is expected that resolving these two issues can improve the range for a given PRR. 
Observation 3: the type of coordination for periodic broadcast depends on the scenario.
Periodic groupcast scenarios
With periodic groupcast, the half-duplex problem occurs when members of the group attempt to transmit at the same time; the hidden-node problem due to members in two different groups transmitting at the same time and set of frequency resources (absence of inter-group coordination), and the exposed-node problem when the number of UEs in an area is large. 
In the results for periodic groupcast, one company noted the consistent drop in performance regardless of distance. Based on the results in [8], it is expected that the probability of half-duplex problems is k/N, which is independent of distance. The result also implies coordination of resources can reduce the half-duplex problem as well as reducing the re-transmissions. 
Observation 4: Coordinating resources within a group and between groups will show improvements in reliability.
Periodic unicast scenarios
While periodic unicast appears to be similar to periodic groupcast, the half-duplex issue is not as significant for a pair of UEs. The hidden node is a problem especially when receivers for two different unicast links are nearby and the transmitters are unaware of each other.
The variation in results indicates that some solutions address these problems better.
Discussion
The analysis of the simulation results shows that with solutions appropriate for the types of problems encountered among the scenarios as stated in section 2.1, there is benefit to conclude that UE coordination is beneficial.
Proposal 1: RAN1 to conclude that UE coordination provides improved system performance and covers new use cases for the sidelink, thus should be standardized.
As stated in [8], the easiest way to have the set of resources determined at UE-A communicated is using the SCI. SCI format 1-A contains the following fields: priority, frequency resource assignment, time resource assignment, and resource reservation period. It seems that these fields could be used as the baseline to indicate the set of resources determined at UE A. Thus, UE coordination can be supported by using SCI format 1-A as the baseline. Any other needed information can be transmitted in a newly defined second stage SCI.
Proposal 2: 
· for UE coordination, the set of resources are sent using SCI 1-A as the baseline
· The resource allocation fields are reused with minor modification
· Any other information needed can be sent in a second stage SCI 
[bookmark: _Ref61360133]Consecutive packet loss
This issue was discussed in [5]. The problem arises when two UEs with the same traffic periodicity or when a periodicity is a multiple of the other periodicity happen to select the same resources. The initial collision is then replicated until resource reselection. 
Rel-15 NR V2X provides significant benefits in terms of performance, compared with LTE-V. It is known that LTE-V UEs can suffer of consecutive packet loss [3]. Note that the problem for LTE-V was known, but overall performance was sufficient for Basic Safety Messages (BSM). An example of consecutive collisions as happening for LTE-V is shown in Fig. 1. The initial collision is then replicated until resource reselection because the traffic periodicities are integer multiples of each other and the same resource is selected.
[image: ]
[bookmark: _Ref53125966][bookmark: _Ref471307292]Fig. 1. Example of recurring consecutive collisions. An '!' indicates a collision.
NR improves the performance and can alleviate consecutive packet loss by e.g., the use of HARQ. Note however that there can still be improvements: for instance, for periodic transmission as shown in Fig. 1, the use of HARQ results in systematic retransmissions until resource reselection, thereby resulting in an inefficient use of the resources. At least two solutions can be used:
· Option 1: the receiving UE can send a message to the transmitting UE indicating recurring collisions: in such a case, when receiving packets from the same sensing process (indicated by the same reservation field). Note that if HARQ is used, the transmitting UE can figure it out by itself based on the NACK feedback. However, given that the consecutive NACKs may be due to other reasons than consecutive collisions (e.g., blockage), so additional feedback can be useful. In addition, if a UE transmits without requiring HARQ feedback, notification of consecutive collision is needed. 
· Option 2: mitigating solutions: instead of always using the same resources, the UE alternates between two resources. Two consecutive TBs use different resources (the red resource for odd numbered transmissions, the blue resource for even numbered transmissions). This process is illustrated in Fig. 2. This way, the probability of having at least half of the packets correctly received is greatly improved.
[image: ]
[bookmark: _Ref53126004][bookmark: _Ref471308507]Fig. 2. Periodic transmission with alternating resources
Both options have their benefits: option 1 can provide better performance since when a UE is notified of consecutive collisions, it can immediately take corrective actions. Thus, this solution is appropriate for unicast or groupcast. Option 2, on the other hand, does not require any feedback, and in that sense, is more suitable for broadcast transmission. Thus, we propose the following:
Proposal 3: 
· Mode 2 enhancements shall address the consecutive collision problem for periodic traffic:
· The receiving UE can signal to the transmitting UE that consecutive collisions occur
· For periodic broadcast traffic, the transmitting UE uses two different resources for transmitting two consecutive TBs

Conclusion
Resource allocation techniques for sidelink transmission were discussed. We observe and propose the following:
Observation 1: simulation results show improvements for periodic scenarios when information is exchanged.
Observation 2: The gains for coordination are expected to increase as system load increases.
Observation 3: the type of coordination for periodic broadcast depends on the scenario.
Observation 4: Coordinating resources within a group and between groups will show improvements in reliability.

Proposal 1: RAN1 to conclude that UE coordination provides improved system performance and covers new use cases for the sidelink, thus should be standardized.
Proposal 2: 
· for UE coordination, the set of resources are sent using SCI 1-A as the baseline
· The resource allocation fields are reused with minor modification
· Any other information needed can be sent in a second stage SCI 
Proposal 3: 
· Mode 2 enhancements shall address the consecutive collision problem for periodic traffic:
· The receiving UE can signal to the transmitting UE that consecutive collisions occur
· For periodic broadcast traffic, the transmitting UE uses two different resources for transmitting two consecutive TBs
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