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Introduction

At RAN#90, a WI on Rel-17 NR sidelink enhancement was updated, and the WI has the following objective related to enhanced reliability and reduced latency in sidelink [1]:

	· Study the feasibility and benefit of solution(s) on 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(s) 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.
· 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.



At RAN1#103-e, we had discussed and made the following conclusions [2].
	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




At RAN1#104-e, we had discussed and made the following conclusion and agreement [3].

	Conclusion:
· RAN1 concludes that the inter-UE coordination in Mode 2 is feasible, and is beneficial (e.g.,  reliability, etc.) compared to Rel-16 Mode 2 RA, and thus recommends specification of the feature.
· The detailed observations can be found in the attachment of the LS
Further discuss the detailed observations (starting from the FL’s summary)

Agreements: Enclose following contents as an attachment of LS
=============================================================================
RAN1 has studied and evaluated schemes of inter-UE coordination in the following categories:
· Type A: UE-A sends to UE-B the set of resources preferred for UE-B’s transmission
· e.g., based on its sensing result
· Type B: 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
· Type C: UE-A sends to UE-B the set of resources where the resource conflict is detected





In this contribution, we discuss our view on mode 2 enhancements for enhanced reliability and reduced latency.

Discussion

Definition of “A set of resources”

At RAN1#104-e, we had concluded three types of a definition of “A set of resources” as follows;

· 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


Figure 1: an example of UE-B’s transmission based on information on resource set determined by UE-A

Figure 1 shows an example of UE-B’s transmission based on information on a resource set determined by UE-A. UE-B could transmit data to UE-A and the other UE based on the information from the UE-A. Therefore, both resource set information for UE-A’s reception and the other UE should be supported. In our understanding, the intended receiver(s) of UE-B’s transmission could include both UE-A and the other UE since we don’t have to restrict the intended receiver(s) of UE-B’s transmission. Therefore, UE-A can transmit information on the resource set for the intended receiver(s) of UE-B’s transmission, where the intended receiver can be either UE-A or another UE.

Proposal 1: UE-A can transmit information on a resource set for intended receiver(s) of UE-B’s transmission, where the intended receiver can be either UE-A or another UE.

Regarding the set of sidelink resources which is transmitted by UE-A for UE-B’s transmission, we think there are two schemes on how to determine the resource set as follows;
· The set of sidelink resources for UE-B’s transmission is allocated by the gNB.
· In this scheme, the gNB can allocate a dedicated resource which is interference-free from other sidelink transmission. Therefore, a sensing procedure before sidelink transmission may not be necessary. This would be beneficial in terms of low latency and power saving as well as high reliability.
· This allocation may be available only when at least the UE-A is in-coverage.
· In this scheme, both information on preferred and non-preferred resource sets would be beneficial.
· The set of sidelink resources for the UE_B’s transmission is determined by UE_A based on sensing within a resource pool.
· In this scheme, either UE_A, UE_B and/or another UE perform the sensing to determine the set of sidelink resources for UE_B. The sensing result could be shared within a group of UEs, and the sensing procedure requirements for UEs in such a group could be relaxed.
· The set of sidelink resources would be available based on a pre-configured resource pool, even when the UE_A and UE_B are out-of-coverage.
· In this scheme, both information on preferred and non-preferred resource sets would be beneficial.
· In this scheme, a physical signalling for the information transferring would be necessary considering a latency.

Considering the pros/cons of the above schemes, it would be beneficial to support both schemes. And also, on preferred vs non-preferred resource sets, since we think both types of information would be beneficial, RAN1 should support both types of information.

On indicating the resource conflict, we think such kind of information could be included as information on non-preferred resource.

Proposal 2: A set of sidelink resources which are transmitted from UE-A to UE-B is either indicated by the gNB or determined based on a sensing procedure within a (pre-)configured resource pool.

Proposal 3: Both information on preferred and non-preferred resource sets should be supported.

Container used for a set of resources
At RAN1#103-e, RAN1 discussed how UE-A transmits “a set of resources” to UE-B, i.e. what type of container is used for the set of resources, and we had five options as follows:

· Option 1: MAC CE
· Option 2: PC5-RRC signaling 
· Option 3: New 2nd SCI format
· Option 4: PSCCH
· Option 5: PSFCH

Regarding higher layer signalling (options 1 and 2) vs physical layer signalling (options 3, 4 and 5), if the higher layer signalling is supported for the container, more latency would be expected to share the inter-UE coordination information. Therefore, we prefer physical layer signalling considering the latency.
For comparison among the physical layer signalling options, since PSCCH would be used for a resource sensing purposes by the other UEs, the current PSCCH should not be modified. Therefore we prefer to use a new 2nd SCI format and PSFCH depending on the contents of the inter-UE coordination information.

Proposal 4: New 2nd SCI format and PSFCH are supported for the container used for a set of resources.

Conditions to determine a set of resource
When UE-A determines the contents of “a set of resources”, we can consider two types of method: a trigger based or a non-trigger based method. 

Trigger based procedure
[bookmark: OLE_LINK4]The general procedure of a trigger based method is as follows.

Step 1: When a packet arrives from a higher layer at UE-B, UE-B shall decide whether to transmit the coordination request to UE-A. This coordination request can contain some information on the transmit packet, such as priority, TDB and other parameters impacting the sensing procedure at UE-A.
Step 2: Then UE-A will receive and decode the coordination request and identify coordination information according to its own sensing result and the content of the request information. After that, coordination information will be transmitted to UE-B;
Step 3: After UE-B receives the coordination information from UE-A, UE-B includes/precludes resources with the help of the coordination information.

In the trigger-based procedure, UE-A can provide more accurate coordination information based on the request information. Since UE-A provides candidate resources when receiving a coordination request, the signalling overhead for the coordination will not be as large as compared with a periodic / non-trigger-based method (as discussed below). However, this trigger-based procedure introduces an extra delay due to the interaction procedure, which is not suitable for traffic with extreme latency requirements.

Non-trigger based procedure
The general procedure of a non-trigger based procedure is as follows.

[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Step 1: When some certain pre-conditions are met in UE-A, e.g. (1) UE-A needs to periodically transmit the coordination information to UE-B according to a pre-configured period or period instructed by UE-B; or (2) UE-A counts the failed number of PSSCH receptions from UE-B and when the number reaches a threshold pre-configured or instructed by UE-B, then UE-A transmits the coordination information to UE-B until packets are successfully received from UE-B. Then UE-A stops transmitting coordination information and recounts the number of failed receptions of PSSCH from UE-B.
Step 2: UE-A transmits coordination information to UE-B according to the pre-conditions discussed in the previous step.
Step 3: After receiving the coordination information from UE-A, UE-B includes/precludes resource with the help of the coordination information.

In the non-trigger based procedure, less extra delay is introduced than in the trigger based procedure. However, UE-A cannot know the exact information about the transmission packet from UE-B and UE-A and may not provide an accurate resource set. 
Considering the pros and cons, both a trigger and non-trigger based procedure are supported for the conditions to determine a set of resource.

Proposal 5: Both a trigger and non-trigger based procedure are supported for the conditions to determine a set of resource.


[bookmark: OLE_LINK1]Hidden node problem and exposed node problem

In Rel-16 mode 2 resource allocation, TX UE determines sidelink transmission resource for a transmission pair by a sensing and reservation mechanism. The TX UE excludes resources which are indicated by SCI received from other UE(s) or exceed the threshold about the measurement of SL-RSRP. This mechanism can avoid interference of other transmission pairs but there remains an interference risk caused by the hidden node problem and exposed node problem discussed below. 

[bookmark: OLE_LINK2][bookmark: OLE_LINK3]Hidden node problem
Figure 2 illustrates an example of the hidden node problem. TX UE-B and RX UE-A are a transmission pair, TX UE-C is another UE close to RX UE-A and far away from TX UE-B. If the distance between TX UE-C and RX UE-A does not exceed the transmission range of TX UE-C, and the distance between TX UE-B and TX UE-C exceeds the transmission range of TX UE-C, TX UE-B can’t receive SCI from the TX UE-C and can’t derive the information about resources reserved by TX UE-C. Hence, TX UE-B will not exclude the resources reserved by TX UE-C according to the Rel-16 mode 2 resource allocation mechanism. If TX UE-B and TX UE-C select the same transmission resource, RX UE-A will be interfered with by TX UE-C and then reception failure will occur. 

Figure 2: an example of hidden node problem
Proposal 6: Rel-17 mode 2 enhancement should address the hidden node problem caused by Rel-16 resource allocation mechanism.

Exposed node problem
Figure 3 illustrates an example of the exposed node problem. TX UE-B and RX UE-A are a transmission pair and TX UE-C and RX UE-D are another transmission pair. The distance between TX UE-B and TX UE-C does not exceed the transmission range of TX UE-C, the distance between RX UE-A and TX UE-C exceeds the transmission range of TX UE-C. Using the Rel-16 resource allocation mechanism, TX UE-B will receive and decode the SCI from TX UE-C and exclude resources reserved by TX UE-C. However, since RX UE-A is far away from TX UE-C, TX UE-B can use resources reserved by TX UE-C as transmission resource to RX UE-A with no interference. So, an excessive exclusion of resource happens in this case.  

Figure 3: an example of exposed node problem
Proposal 7: Rel-17 mode 2 enhancement should address the exposed node problem caused by Rel-16 resource allocation mechanism.


other

In Rel-16, sidelink functionalities have been specified without a hierarchy between UEs. But Rel-17 sidelink enhancements are expected to be applicable in wider operation scenarios, not only V2X but also for public safety and commercial use-cases. Considering some URLLC-type commercial use-cases, a hierarchy between UEs would be beneficial in terms of reliability and latency.

For example, if a master UE within a certain group manages all sidelink resources for all other remote UEs within the group, no or few collisions will occur, at least within the group. In addition, if a dedicated resource for the group is allocated by the gNB to the master UE, a high reliability can be realised because there are no or few collisions between any sidelink transmissions. At the same time, a low latency may be realised if a remote UE is not required to perform sensing for sidelink transmission. This would be beneficial especially in the case of a limited battery UE. 

[bookmark: _Hlk61871643]In inter-UE coordination, the master UE coordinates sidelink communication resources among UEs within a certain group. Regarding the master UE determination, we think any master UE behaviour should be properly controlled by the network side. Therefore, for the master UE determination, the master UE within a certain group should be configured by the gNB.

Proposal 8: A master UE for the inter-UE coordination within a certain group is configured by the gNB.


Conclusion

Proposal 1: UE-A can transmit information on a resource set for intended receiver(s) of UE-B’s transmission, where the intended receiver can be either UE-A or another UE.

Proposal 2: A set of sidelink resources which are transmitted from UE-A to UE-B is either indicated by the gNB or determined based on a sensing procedure within a (pre-)configured resource pool.

Proposal 3: Both information on preferred and non-preferred resource sets should be supported.

Proposal 4: New 2nd SCI format and PSFCH are supported for the container used for a set of resources.

Proposal 5: Both a trigger and non-trigger based procedure are supported for the conditions to determine a set of resource.

Proposal 6: Rel-17 mode 2 enhancement should address the hidden node problem caused by Rel-16 resource allocation mechanism.

Proposal 7: Rel-17 mode 2 enhancement should address the exposed node problem caused by Rel-16 resource allocation mechanism.

Proposal 8: A master UE for the inter-UE coordination within a certain group is configured by the gNB.
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