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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. It takes into account the discussions and proposals that were discussed in the previous meeting as well. 

[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: _Ref494465620]Design Aspects of Inter-UE Coordination
In this section, we delve into the design aspects of inter-UE coordination, such as the definition of “a set of resources”, the determination of these resources by UE-A, and how they are signaled or transmitted to UE-B. Once UE-B receives the set of resources, procedures related to when and how UE-B would use these resources and their relation to resource pools and cast types have been explored in detail.

Definition of “a set of resources”
Based on the discussions in the previous meeting, two types of resource sets were considered – a set of resources which is preferred for UE-B’s transmission, as well as a set of resources which is preferred not to be used by UE‑B.
In the case that the set of resources are preferred for UE-B’s transmission, UE-A sends a set of resources that it sees available during its sensing and resource selection process. This essentially means that the resources are measured to be below an SL-RSRP threshold, which was selected by UE-A for a given priority. Based on these set of resources, UE-B can use them for its own intended transmissions, as shown in Figure 1.
[image: ]
Figure 1: Exemplary depiction of UE-B using a preferred set of resources from UE-A.
On the other hand, the set of resources that are preferred not to be used by UE-B are those resources that UE-A had detected to be occupied by other UEs for their respective transmissions, and are above the SL-RSRP threshold selected by UE-A. These resources are to be avoided by UE-B when selecting resources for its own transmissions, as shown in Figure 2. If UE-A is the intended recipient for a transmission from UE-B, UE-A can also indicate resources that it already has scheduled and reserved for other transmissions. If UE-B transmits to UE-A using these resources, due to the half-duplex constraint, UE-A would not be able to receive the intended transmission from UE-B, and hence, these resources are not preferred. Another case is the hidden node scenario, where UE-A, during its sensing process, detected transmissions from two different UEs within the same time slot, because of which these UEs would not have been able to listen to each other’s SCIs. This could potentially cause interference and resource collisions if both the UEs are in close proximity to each other. UE-A can use the set of resources to inform either of these UEs about the potential collision, and recommend resources that are preferred not to be used. 
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Figure 2: Exemplary depiction of UE-B using a set of not preferred resources from UE-A.

These resources can be used by UE-B either for a transmission back to UE-A or to any other UE within its vicinity. If UE-A is the intended recipient of a transmission from UE-B, UE-A sends a set of resources with respect to this transmission. Since UE-B might receive multiple assistance messages, it would need to differentiate the set of resources sent by UE-A from the other assistance messages, with respect to the intended transmission to UE-A. This is so that UE-B can prioritize the set of resources provided by UE-A when UE-A is the intended receiver. This would require control information, in the form of a UE ID, attached to the assistance information message to inform UE-B that the set of resources are for the intended transmission to UE-A.
In the case where both the preferred to be used and preferred not to be used resources are supported by Rel-17, UE-B also requires control information indicating which type of assistance message is being received.
Proposal 1: We support the inclusion of assistance messages that inform UE-B about a preferred set of resources, as well as a set of resources that are not preferred to be used by UE-B.
Proposal 2: Since the intended recipient of the transmission from UE-B can be UE-A, or any other UE, we propose that the assistance message provides an indication about the intended recipient UE, especially if it is UE-A.
Proposal 3: We propose to include an indication of the type of resources that are sent from UE-A to UE-B, namely a preferred set of resources or a set of resources that are not preferred to be used by UE-B.

Determination of “a set of resources” by UE-A 
Based on the definition of a set of resources discussed in the previous section, UE-A can generate the set of resources in one of the listed methods:
· Candidate Resource Set
This type of assistance message would contain a candidate resource set that was determined by UE-A during its sensing and (re-)selection process. In other words, UE-A would follow the existing procedure to determine the candidate resource set SA, as described in section 8.1.4 of [2]. Instead of reporting this set to the higher layers, which is what is expected of UE-A when it has to carry out the resource selection process for its own transmissions, UE-A would send these resources to UE-B in the form of assistance messages.
The candidate resource set would include a set of resources that have been determined to be below a SL-RSRP threshold, in the case of a preferred set of resources, or above the threshold, in the case of a set of resources to be avoided by UE-B.
· Set of Selected Resources
In order to further reduce the sensing and resource selection effort to be undertaken by UE-B, UE-A can go one step further and report the candidate resource set SA to the higher layers, and obtain a set of randomly selected resources from within the candidate resource set, as determined by the higher layers and described in detail in [3] and [4]. UE-A can then send the set of selected resources to UE-B in the form of assistance messages. UE-B can then consider these resources as a preferred set of resources for its own transmissions.
This would provide UE-B with the option to completely skip its own sensing and resource (re-)selection process by using the resources provided by UE-A for its intended transmissions. This would enhance UE-B’s ability to save power as well, since sensing, as identified in [5], was seen to be one of the most power-hungry processes in a UE.
UE-A can also provide a set of resources in time slots where UE-A will be carrying out its own transmissions. This is particularly relevant to UE-B, because any transmissions made to UE-A on these time slots would not be received due to the half-duplex constraint. These resources would be a set of resources that are preferred not to be used by UE-B for a transmission to UE-A.
· Reserved but Unused Resources
UE-A can enhance the resource utilization efficiency of the system by providing a set of resources that had been reserved and indicated by UE-A for other transmissions, but had been left unused due to early ACKs or due to paused periodic transmissions. These resources have already been indicated as reserved for retransmissions to other UEs, and will be excluded from the sensing and resource (re-)selection process of other UEs, and hence will remain unused. 
UE-A can send these resources as a preferred set, which can then be used by UE-B for its own transmissions.
Proposal 4: We propose that UE-A determines the set of resources to be sent to UE-B by using:
· The candidate resource set, SA, determined by the sensing and resource (re-)selection procedure of Rel‑16,
· The set of selected resources, determined by the higher layers based on the candidate resource set,
· Reserved but unused resources.

Signaling of “a set of resources” by UE-A
For UE-A to send the set of resources to UE-B, the container or signaling procedure used must ensure that the resources are received by UE-B in a latency critical manner, but at the same time ensure that the overhead for the transmission is kept to a minimum.
One of the key features of Rel-16 NR V2X is its support for a 2-stage SCI, where the size of the first stage SCI, or SCI format 1-A, was size-matched to reduce the blind decoding load of UEs, whereas the second stage SCIs were variable in size. We propose to leverage the advantages of the 2-stage SCI system by introducing a new second stage SCI format pertaining to assistance information messages. The addition of a new second stage SCI can be easily incorporated into the existing specifications, given that the SCI format 1-A already has a second stage SCI format indicator with the provision for new second stage SCI formats [6]. 
Since the second stage SCIs are transmitted in the PSSCH, the new second stage SCI format can contain control information required by UE-B to identify and decode the assistance information, while the assistance information message itself, in the form of a set of resources, is transmitted as data payload in the associated SL-SCH.
Alternatively, the new second stage SCI format itself can be used to convey the set of resources, without any data payload attached to the SCI. This is particularly advantageous when the set of resources are considerably large and would require all the remaining symbols of the PSSCH. In the case that the set of resources is smaller, it is also possible for UE-A to send multiple such assistance messages to more than one UE using a single transmission opportunity. This would enable the optimum use of resources available within the transmission opportunity.
In either of the above options, the new second stage SCI can include parameters such as the destination ID of the intended receiver of the assistance message, UE-B, the UE ID of the receiver of the intended transmission by UE-B, the priority associated with the set of resources, as well as the type of assistance message.
It is also possible for UE-A to use MAC layer signaling in order to send the set of resources to UE-B. However, higher layer signaling might not be the best solution for latency critical operations where UE-B requires the assistance information as soon as possible.
Proposal 5: We support the transmission of assistance messages using a new second stage SCI. The assistance message can be:
· Included in the new second stage SCI, occupying the entire transmission instance, or
· Included in the data payload associated with the new second stage SCI in a transmission instance.

Procedure for UE-B to take “a set of resources” into Account
The procedures required to be carried out by UE-B in order to consider the received set of resources depends heavily on the type of resources that it receives.
If UE-B receives a set of resources mapping to a candidate resource set generated by UE-A, UE-B can choose to either consider the provided candidate resource set on its own, or in combination with its own candidate resource set that UE-B had generated for the intended transmission. This would provide UE-B with an insight on the status of resources in time slots where it does not have any sensing results due to the half-duplex constraint. UE-B can then generate a combined candidate resource set, which it can then send to the higher layers to determine the final resources to be used for the intended transmission. This procedure can be used for both the types of resource sets, where UE-B would consider the set of resources while generating the final candidate resource set, if they were a preferred set, or would exclude the set of resources from its own candidate resource set, if they were a set not preferred to be used.
In the case where a set of specific resources are provided in the assistance information message, as determined by UE-A after its own sensing and resource (re-)selection process, UE-B can consider using these resources directly for its own intended transmissions. In this case, UE-B does not need to carry out the sensing and resource (re‑)selection procedure at all, contributing to the power saving ability of the UE. This is explored in further detail in our accompanying contribution [7]. If UE-B has also carried out the sensing and selection process, it can compare the selected resources, as determined by the higher layers, with those received in the assistance message. Having common or overlapping resources would provide UE-B with added confidence that the resources are indeed available and can be safely used for its intended transmissions.
With regards to when UE-B should take the received set of resources into account, this aspect again depends on the set of resources themselves. Since UE-B intends to use these resources for its own transmission, these resources have to be within the selection window of the intended transmission in order to be considered. The assistance message itself can be received at UE-B any time before the UE determines the candidate resource set for the transmission.
Proposal 6: We propose that UE-B takes the set of resources into account, depending on the type of resources received:
· If UE-B receives a possible candidate resource set, it can combine the resources with its own candidate resources set, and select the final resources accordingly.
· If UE-B receives a set of specific resources, it can either use the resources directly, or compare it with its own selected set of resources and determine the common resources, for the intended transmission.
Proposal 7: We propose that UE-B will consider the set of resources received as long as they are within the selection window of UE-B’s intended transmission.

Relationship between “a set of resources” and Resource Pools
The set of resources indicated in an assistance message would ideally refer to resources within the resource pool in which the assistance message was received. However, since Rel-16 provides the option for UEs to be configured with multiple resource pools, it is possible that the set of resources provided by UE-A pertain to either the resource pool in which the assistance message was received, or any of the other configured pools that are common between UE-A and UE-B.
In this case, the assistance message itself, or the control message associated with it, should inform UE-B as to which resource pool the set of resources provided are relevant for. This can be achieved by introducing a resource pool ID, similar to the parameter “Resource pool index” included in DCI 3_0 [6], for UE-B to understand which resource pool the set of resources indicated pertain to.
Proposal 8: If the scenario where the set of resources associated with a resource pool are different from the resource pool within which the assistance message was received is supported, we propose that the assistance message provided by UE-A should indicate a resource pool index, to inform UE-B about the resource pool for which the set of resources are relevant for.

Other Assistance or Coordination Information
The set of resources that are determined by UE-A based on the methods described in Section 2.2 are pointing to resources in the future. These resources are essentially within the selection window of UE-B’s intended transmission, as mentioned in Section 2.4. It is also possible for the assistance messages to provide information about resources from the sensing window, or resources from the past. This information can be sensing results in the form of measurement results, such as measured SL-RSRP values, for resources within the sensing window of the intended transmission by UE-B. They can also indicate a set of resources based on the measurement results as well.
Apart from the set of resources, other assistance information can be provided by UE-A to UE-B. This can be in the form of its location information, so that UE-B can determine the location of UE-A with respect to the receiver for the intended transmission. This will allow UE-B to get a clear picture with regards to the set of resources provided, and whether UE-B should consider the recommendation or not. For example, in the case of 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. It is, therefore, possible that a resource that was indicated to be occupied by UE-A might actually be available for UE-B’s transmission to a recipient UE due to UE-A’s location, as shown in Figure 3. Such supplementary information might help UE-B better understand the set of resources provided by UE-A. 
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[bookmark: _Ref53498966]Figure 3: Assistance messages with UE location assisting in the exposed node problem.

Proposal 9: Apart from a set of resources indicating future resources, we support providing information regarding resources in the past, such as sensing measurement results, in order to aid UE-B in its resource selection process.
Proposal 10: We propose to include supplementary information, such as the location of UE-A, for UE-B to better understand the set of resources provided by UE-A.

Support for Different Cast Types
Based on the definition of a set of resources and how these resources are determined by UE-A, as seen in the previous sections, there are a few inter-dependencies between the set of resources and the cast type supported.
In the case of unicast transmissions, a set of resources can contain a candidate resource set, a set of selected resources or even reserved but unused resources. Since these resources are provided by UE-A to a singular UE-B, UE-B could use the resources for its own transmissions. 
However, in the case of groupcast transmissions, specific resource sets cannot be provided since the same set of resources are provided to each of the recipient UEs within the group. However, information such as the candidate resource set can be provided as these set of resources only help the UEs within the group in their resource selection process.
Proposal 11: We propose to support cast types based on the type of resource sets that are being provided by UE-A to UE-B.

Conditions to Trigger Inter-UE Coordination
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In this section, we explore the different ways as to how inter-UE coordination is initiated. This can be done either by an explicit request from UE-B to UE-A, requesting for assistance information, or in a pre-emptive manner, where UE-A provides assistance information based on an event that UE-A has noticed.
Once initiated, the assistance messages can then be a transmission in a periodic or aperiodic manner, depending on the information provided in the trigger, or based on the event that triggered UE-A to send the assistance message.
Based on an Explicit Trigger
In the case where UE-B realizes that it requires assistance information from another UE, UE-B can explicitly send a request to UE-A, asking for a set of resources to assist in its resource selection process.
UE-B can end up in such a situation when it has inadequate or no sensing results, or is unable to obtain sensing results due to power constraints, and require assistance from UE-A to provide it with either candidate resource sets to supplement its own limited sensing results, or specific resources to be used by UE-B for the intended transmission in the absence of any sensing results.
The explicit request or trigger message can contain certain information regarding the upcoming intended transmission, such as the priority of the transmission, the intended recipient, the nature of the transmission – periodic or aperiodic, and possibly the latency budget attached to the transmission. This would provide enough information to UE-A to generate a set of resources that can prove to be helpful to UE-B’s resource selection process.
The trigger message itself can be transmitted by UE-B to UE-A using a portion of a previous transmission, in the form of an additional control information message, or as a standalone transmission requesting for resources and assistance, or using RRC signaling.
Proposal 12: We support the triggering of inter-UE coordination based on an explicit request made from UE-B to UE-A, requesting for assistance in its resource selection process.

Based on a Pre-Defined or Pre-Configured Event
The drawback of explicit triggering from UE-B is the overhead caused by the triggering messages. The alternative is to identify certain events or triggers which, once detected in the system, would initiate UE-A to send assistance information to UE-B.
One of these pre-configured events can be based on the detection of potential resource collisions between two other UEs, based on the SCIs being sent by these UEs. If UE-A detects a possible resource collision based on the SCIs that it had received, it can choose to inform either of these UEs to alter their resource selections by providing a set of resources that would avoid the potential collision. Such a trigger could also be used to avoid consecutive packet collisions, as described in [1], in the event of UEs reserving the same set of resources for their periodic transmissions.
Another event could be when the congestion situation of a resource pool, when the measured CBR is beyond a pre-defined threshold. This could trigger UE-A to provide a set of reliable and available resources to other UEs in need of resources, especially for high priority transmissions.
Proposal 13: We support the triggering of inter-UE coordination based on pre-defined or pre-configured events such as detected resource collisions and congestion status.
Proposal 14: We propose that UE-A decides to transmit the assistance messages in a periodic or aperiodic manner, based on the nature of the trigger, and the information provided by the trigger that initiates the assistance message transmission.
	
Conclusion
Based on the topics discussed in the previous sections, the following are our proposals:
Proposal 1: We support the inclusion of assistance messages that inform UE-B about a preferred set of resources, as well as a set of resources that are not preferred to be used by UE-B.
Proposal 2: Since the intended recipient of the transmission from UE-B can be UE-A, or any other UE, we propose that the assistance message provides an indication about the intended recipient UE, especially if it is UE-A.
Proposal 3: We propose to include an indication of the type of resources that are sent from UE-A to UE-B, namely a preferred set of resources, or a set of resources that are not preferred to be used by UE-B.
Proposal 4: We propose that UE-A determines the set of resources to be sent to UE-B by using:
· The candidate resource set, SA, determined by the sensing and resource (re-)selection procedure of Rel‑16,
· The set of selected resources, determined by the higher layers based on the candidate resource set,
· Reserved but unused resources.
Proposal 5: We support the transmission of assistance messages using a new second stage SCI. The assistance message can be:
· Included in the second stage SCI, occupying the entire transmission instance, or
· Included in the data payload associated with the SCI for a transmission instance.

[bookmark: _GoBack]Proposal 6: We propose that UE-B takes the set of resources into account depending on the type of resources received:
· If UE-B receives a possible candidate resource set, it can combine the resources with its own candidate resources set, and select the final resources accordingly.
· If UE-B receives a set of specific resources, it can either use the resources directly, or compare it with its own selected set of resources and determine the common resources, for the intended transmission.
Proposal 7: We propose that UE-B will consider the set of resources received as long as they are within the selection window of UE-B’s intended transmission.
Proposal 8: If the scenario where the set of resources associated with a resource pool are different from the resource pool within which the assistance message was received is supported, we propose that the assistance message provided by UE-A should indicate a resource pool index, to inform UE-B about the resource pool for which the set of resources are relevant for.
Proposal 9: Apart from a set of resources indicating future resources, we support providing information regarding resources in the past, such as sensing measurement results, in order to aid UE-B in its resource selection process.
Proposal 10: We propose to include supplementary information, such as the location of UE-A, for UE-B to better understand the set of resources provided by UE-A.
Proposal 11: We propose to support cast types based on the type of resource sets that are being provided by UE-A to UE-B.
Proposal 12: We support the triggering of inter-UE coordination based on an explicit request made from UE-B to UE-A, requesting for assistance in its resource selection process.
Proposal 13: We support the triggering of inter-UE coordination based on pre-defined or pre-configured events such as detected resource collisions and congestion status.
Proposal 14: We propose that UE-A decides to transmit the assistance messages in a periodic or aperiodic manner, based on the nature of the trigger, and the information provided by the trigger that initiates the assistance message transmission.

References
1. RP-201385, “WID revision: NR sidelink enhancement”, LG Electronics, 3GPP RAN#88e, June - July 2020.
1. TS 38.331 v16.2.0, “Radio Resource Control (RRC) protocol specification (Release 16)”, October 2020.
1. TS 38.214 v16.3.0, “Physical layer procedures for data (Release 16)”, October 2020.
1. TS 38.321 v16.2.1, “Medium Access Control (MAC) protocol specification (Release 16)”, October 2020.
1. R1-2005403, “Resource allocation for sidelink power saving”, Vivo, RAN1#102e, August 2020.
1. TS 38.212 v16.3.0, “Multiplexing and channel coding (Release 16)”, October 2020.
1. R1-2008817, “NR Sidelink resource allocation for UE power saving”, Fraunhofer HHI, Fraunhofer IIS, RAN1#103e, October-November 2020.


9/9
image1.emf
Frequency

Time

Frequency

Time

Preferred set of resources 

sentby UE-A to UE-B

Set of resources 

determined byUE-B

Frequency

Time

Resulting set of resources 

determined byUE-B


image2.emf
Frequency

Time

Frequency

Time

Set of not preferred resources 

sentby UE-A to UE-B

Set of resources 

determined byUE-B

Frequency

Time

Resulting set of resources 

determined byUE-B


image3.png
Transmission Range of UE-8

.
B N
Assistance message from

UE-Ato UE-B

Transmission Range of UE-A




