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1. Introduction
In RAN1#103-e meeting, followings are concluded for the inter-UE coordination for resource allocation enhancement: 
	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


In this contribution, we discuss the feasibility and benefit of the enhancement(s) in mode 2 for enhanced reliability and reduced latency. 

2. Discussion
UE-A can determine a set of time-and/or-frequency resources and notify it to UE-B. Then, the UE-B shall perform resource (re)selection procedure with a consideration of this received assistance information from UE-A as per objective in WID. In addition, according to the objective of the WID, it targets enhancement on the Rel-16 mode 2 resource allocation procedure where a UE determine candidate resources based on the received SCI and the corresponding RSRP measurement. In other words, it is out of scope that UE-B skip its resource (re)selection procedure upon the reception of the assistance information from UE-A. In our understanding, it is necessary to have a discussion in the plenary level to extend the scope of this mode 2 resource allocation enhancement. 
[bookmark: _GoBack]Observation 1: As per the objective in WID [1], followings are out of scope:
· UE-A directly schedules UE-B’s PSCCH/PSSCH transmission resources (e.g. Mode 2-(d) discussed in Rel-16 study item phase). 
· This is not aligned with the description of “UE-B takes this into account in the resource selection for its own transmission” in WID.
· UE-A deliver a set of resources determined by gNB (e.g. sidelink grant) to UE-B. 
· This is not aligned with the description of “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 WID.
· Note that discussion on whether or not to additionally include it in the scope of mode 2 resource allocation enhancement should be handled in the plenary meeting. 
If UE-A directly schedules UE-B’s PSCCH/PSSCH transmission resource, the UE-A needs to know when the TX packet arrives at UE-B side and how much PSCCH/PSSCH transmission resources are needed for UE-B. For simplicity, it can be considered that UE-B transmits scheduling request and buffer status report to UE-A for this purpose, but it will cause huge signaling overhead and large latency. On the other hand, if the UE-B can deprioritize or prioritize its own PSCCH/PSSCH transmission resource based on the inter-UE coordination information provided by UE-A, the signaling overhead/latency problem would be mitigated since the UE-B can still have PSCCH/PSSCH transmission resource provided by its own sensing/resource selection procedure even though the inter-UE coordination information is not available at the UE-B side. 
Observation 2: It would be beneficial in terms of signaling overhead and latency that UE-B can deprioritize or prioritize its own PSCCH/PSSCH transmission resources based on the inter-UE coordination information provided by UE-A compared to dynamic scheduling. 
It is discussed that the inter-UE coordination information can be designed to solve or mitigate exposed-node problem. For instance, UE-B transmits PSCCH/PSSCH to UE-A, the selected resource of UE-B will not include TX pattern overlapping with resources reserved by other UE as shown in Figure 1-(a). It is possible that the interference level of the reserved resources of UE-C is sufficiently smaller at UE-A side. In this case, even though UE-B uses reserved resources of UE-C for PSCCH/PSSCH transmission for UE-A, UE-A could successively receive the PSCCH/PSSCH from UE-B. This inefficiency is thing to be solved in the exposed problem. However, considering nature of the wireless communication, when UE-B transmits PSCCH/PSSCH on the reserved resources of UE-C, the intended receivers of UE-C will also receive PSCCH/PSSCH transmission from UE-B, and it will cause high interference as shown in Figure 1-(b). In other words, this kind of approach no longer has a benefit in system perspective. In this case, once resource reserved by the received 1st SCI is excluded from candidate resource set, the assistance information would not change that decision. 
Observation 3: To solve exposed-node problem, when UE-B transmit PSCCH/PSSCH on reserved resources of UE-C, the intended receivers of UE-C may experience high interference due to resource collision. 
Proposal 1: To design inter-UE coordination for the enhancement in mode 2, exposed-node problem is not considered. 
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Figure 1: Example of the exposed-node problem.

2.1. Scenarios/Topology of Inter-UE coordination for Mode 2 enhancement
In this section, we provide our views on the relationship between UE(s) providing inter-UE coordination information and UE(s) using the inter-UE coordination information. One approach is that any peer UEs can provide inter-UE coordination information each other, and the UE receiving the information can use it to determine its own PSCCH/PSSCH transmission resources. For instance, the PSCCH/PSSCH TX UE can determine transmission resources based on inter-UE coordination information provided by the target PSCCH/PSSCH RX UE. Another example is that the 3rd-party UE(s) can transmit inter-UE coordination information to the PSCCH/PSSCH TX UE to improve the detection performance at the PSCCH/PSSCH RX UE. Figure 1-(a) shows the approach where a peer UE can transmit inter-UE coordination. 
Another approach is that only a certain UE provides inter-UE coordination information to another UE, but the coordination UE does not need to receive inter-UE coordination information from other UE. UE(s) receiving the information can use it to transmit PSCCH/PSSCH to other UE in the group or outside the group. For instance, RSU located in the center of the intersection can provide inter-UE coordination information to each UE group, and the UE(s) along the streets of the intersection can use the information to determine PSCCH/PSSCH transmission resources. Another example is that a leader UE of a group can transmit inter-UE coordination information to other UEs in the group. Figure 1-(b) shows the approach where a certain UE can transmit inter-UE coordination. 
In this contribution, we focus on these topology/scenario to design inter-UE coordination for mode 2 enhancement. 
Proposal 2: To design inter-UE coordination for the enhancement in mode 2, one or more of following scenarios is considered: 
· Scenario A: Any peer UE can transmit and receive inter-UE coordination information. 
· UE(s) receiving the inter-UE coordination information can use it for its own resource (re)selection procedure. 
· Scenario B: Only a special UE can transmit inter-UE coordination information. 
· Other UE(s) can receive and use the information for its own resource (re)selection procedure. 
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Figure 2: Example of topology of inter-UE coordination.

2.2. Scenario-A: Any peer UE transmits and receives inter-UE coordination information
In this scenario, any UE can act as a coordination UE. Meanwhile, the coordination UE may transmit the inter-UE coordination information when a certain condition is met and/or when the UE receives the request from other UE. In this approach, it would be necessary to investigate how a UE can act as a coordination UE. 

Q-A1: How/when UE-A determines the contents of “A set of resources”, including consideration of UL scheduling?
Considering that UE-A is the intended RX UE of UE-B, the UE-A will decide when the UE can perform SL reception and which resources are preferable in terms of detection performance to receive UE-B’s PSCCH/PSSCH transmission. First of all, the UE-A needs to check when the UE will transmit UL or SL channels to determine when the UE-A can perform SL reception. Next, the UE-A will use sensing results to check which resources suffer from high interference. At last, the UE-A determines the contents of “A set of resources” to exclude at least these problematic resources for UE-B’s transmission. 
In this case, when the UE-B receives the inter-UE coordination information, the UE-B may not use resources outside the indicated “A set of resources” from UE-A to transmit its own PSCCH/PSSCH to UE-A. It will improve the detection performance of PSCCH/PSSCH at UE-A side. On the other hand, the UE-B still have a choice not to use some portion of the resources provided by UE-A. For instance, even for the preferred resources for UE-B’s transmission provided by UE-A, the UE-B can determine some of them as high interference resource via its own sensing operation. In this case, if the UE-B uses these resources with high interference at UE-B side for its own PSCCH/PSSCH transmission, this PSCCH/PSSCH transmission will make another interference to other UE even though these resources could suffer from low interference in the perspective of the UE-A. Moreover, among the preferred resources for UE-B’s transmission provided by UE-A, if the UE-B will perform another transmission, these resource would be suitable for PSCCH/PSSCH transmission to the UE-A. 
Observation 4: For scenario A, the set of resources preferred for UE-B’s transmission will not include resources with high interference which is determined by UE-A’s sensing operation and resources used for UE-A’s transmission.
Observation 5: For scenario A, when the inter-UE coordination information is the set of resources preferred for UE-B’s transmission, 
· It is expected that UE-B does not use resources other than the set of resources provided by the inter-UE coordination information. 
· It is not precluded that UE-B does not use all or a subset of the set of resources provided by the inter-UE coordination especially when the UE-B determines that the resources suffer from high interference or when the UE-B is supposed to transmit UL channel on the resources.
Alternatively, the UE-A determines the contents of “A set of resources” to include these problematic resources for UE-B’s transmission. In this case, when the UE-B receives the inter-UE coordination information, the UE-B may not use resources indicated by the inter-UE coordination information from UE-A to transmit its own PSCCH/PSSCH to UE-A. It will improve the detection performance of PSCCH/PSSCH at UE-A side. 
Observation 6: For scenario A, the set of resources not preferred for UE-B’s transmission will include resources with high interference which is determined by UE-A’s sensing operation and/or resources used for UE-A’s transmission.
Observation 7: For scenario A, when the inter-UE coordination information is the set of resources not preferred for UE-B’s transmission, it is expected that UE-B does not use the resources regardless of UE-B’s sensing result.
Considering that the form of “A set of resources” is the set of non-contiguous time-and-frequency resources, depending on the traffic condition or congestion level, the required payload size to express the preferred or non-preferred resources for UE-B’s transmission will be different. To be specific, when the congestion level is low, the number of resources with high interference would be small as well. In this case, it would be beneficial in terms of signaling overhead to consider the non-preferred resources as inter-UE coordination information. On the other hand, if the congestion level is high, the required payload size to express resources with high interference could be huge. In other words, in the perspective of signaling overhead, it can be considered to support both types of “A set of resources” for inter-UE coordination information. 
Observation 8: Depending on the congestion level and UE-B’s packet information, the set of resources not preferred for UE-B’s transmission may or may not be better in terms of signaling overhead compared to the set of resources preferred for UE-B’s transmission.
Proposal 3: For inter-UE coordination information in scenario A, support both the set of resources preferred for UE-B’s transmission and the set of resources not preferred for UE-B’s transmission, and support indicator to indicate the type of the set of resources.
Regarding the resource conflict, it was discussed whether or not to consider PSFCH dropping due to PSFCH TX/TX or TX/RX collision. When a UE receives more than one PSCCH/PSSCH with SL HARQ-ACK feedback enabled in slot(s) associated with the same PSFCH occasions, then PSFCH TX/TX collision could occur. Depending on the UE capability, for the PSFCH TX/TX collision, the UE may or may not transmit all the PSFCH(s). Meanwhile, the 3rd-party UE would not know how many PSFCH another UE can transmit. Moreover, when the 3rd-party UE monitors 1st SCI and 2nd SCI, the UE may not precisely determine whether PSFCH TX/TX or TX/RX collision really happens by using only the truncated source/destination IDs. On the other hand, it would be too burden for the 3rd-party UE to decode all the PSSCH as well to achieve full source/destination ID. Moreover, in case of groupcast, the 3rd-party UE may not know which destination ID the target UE tries to receive. In summary, the 3rd-party UE may not know whether PSFCH TX(s) /TX or PSFCH TX/RX collision really happens at another UE side and how many PSFCH TX(s) will be dropped or not. In this case, it is unclear how the 3rd-party UE determines preferred or non-preferred resources for UE-Bs’ transmission considering PSFCH TX/TX or TX/RX collision. 
Observation 9: UE-A may not know PSFCH TX/TX or PSFCH TX/RX collision happens at UE-B side due to the lack of information of source/destination ID. Moreover, in case of groupcast, UE-A may not know which (L1-)destination ID UE-B tries to detect. 
Observation 10: For PSFCH TX/TX collision, UE-A may not know whether a number of PSFCH TXs are dropped or not at UE-B side since the maximum number of simultaneous PSFCH transmissions is determined by UE capability. 
Proposal 4: Since the third UE does not know whether or how PSFCH TX(s) or RX(s) are dropped, it is not desirable to consider PSFCH TX/TX or TX/RX collision for inter-UE coordination design.

In a similar manner, the 3rd-party UE would need to check source IDs and destination IDs from the received 1st/2nd SCIs to determine whether the resource conflict due to half-duplex restriction occurs or not at another UE side. In this case, due to the lack of information about these IDs, UE-A’s decision could be incorrect. To mitigate this problem, the UE-A may need to decode PSSCH as well to achieve L2-source ID and L2-destination ID. Moreover, in case of groupcast, the feasible way of determining half-duplex problem is that the 3rd-party UE observes difference SCIs with the same destination ID in a slot. However, due to the lack of information of L1-desitnation ID derived by the 2nd SCI, the 3rd-party UE may need to decode PSSCH as well. Meanwhile, since the 3rd-party UE may not know which UE is the intended RX UE of the groupcast, it seems infeasible that the 3rd-party UE detects the half-duplex problem caused by the case when the intended RX UE transmits PSCCH/PSSCH to the groupcast TX UE. 
Observation 11: It needs to be clarified 
· How precisely UE-A can determine whether half-duplex problem happens at UE-B side by using the detected L1-source IDs and the detected L1-destination IDs at UE-A side, or
· Whether it is burden for UE-A to always try to decode PSSCH targeting UE-B to receive L2-source ID and L2-destination ID to determine whether half-duplex problem happens at UE-B side. 
Regarding resource collision indication, first of all, the 3rd-party UE needs to successfully decode related SCIs even though the target RX UE fails to decode the related SCIs. Meanwhile, when the corresponding PSCCH transmission resource of a UE is overlapping with PSSCH transmission resource of another UE, the detection performance of the SCI will be largely degraded. Even though PSCCH transmission resource of a UE is overlapping with PSCCH transmission resource of another UE, if the same OCC index is used, the 3rd-party UE may not success to decode the related SCIs. On the other hand, when the RX UE succeeds to decode SCIs corresponding resource collision, the gain of resource collision indication would be reduced. It would be necessary to carefully investigate how frequently it happens that the case when the 3rd-party UE successes to decode all the SCIs related to the resource conflict while the target RX UE fails to decode all the SCIs. 
Observation 12: UE-A may not detect resource collision at UE-B side since UE-A fails to decode the corresponding PSCCHs when the PSCCHs are overlapped with PSSCH or when the PSCCHs use the same OCC. 
It was discussed that UE-A transmits NACK on behalf of the target RX UE when the UE-A observes resource conflict at the RX UE side. To do this, at least the UE-A needs to successfully decode 2nd SCI since the L1-source ID is used to determine PSFCH resource. Unlike PSCCH DMRS, the cross-correlation between different PSSCH DMRS sequence would not be sufficiently small, and it will make the detection performance of the 2nd SCI worsened. 
Observation 13: UE-A may not transmit NACK on behalf of UE-B when UE-A detects resource conflict at UE-B side due to lack of information about L1-source ID if UE-A fails to decode 2nd-stage SCI due to resource collision. 

In case of groupcast with SL HARQ-ACK feedback Option 2, UE-A would need to know which member IDs are used for the groupcast to derive PSFCH resource. One simple solution would be the UE-A is supposed to receive the same groupcast PSSCH and use its own member ID to transmit NACK when the UE-A observes resource conflict for the groupcast PSSCH. 
Observation 14: For groupcast with HARQ-ACK feedback Option 2, UE-A cannot transmit NACK on behalf of UE-B when UE-A detects resource conflict at UE-B side since UE-A will not know the member ID of UE-B. 
In case of groupcast with SL HARQ-ACK feedback Option 1, the target RX UE will transmit NACK if the RX UE fails to decode PSSCH but successes to decode 1st/2nd SCIs and if the distance between the RX UE and the center of the zone indicated by the 2nd SCI is smaller than the communication range requirement. Meanwhile, there is no way for the 3rd-party UE to know how much the target RX UE is close to the center of the zone indicated by the 2nd SCI. Furthermore, if the 3rd-party UE is far away from the center of the zone, the decision on whether resource conflict occurs at the RX UE side or not would be inaccurate. For instance, if the interferer is far away from the zone, but it is closed to the 3rd-party UE, it is possible that the 3rd-party UE decide that the resource collision occurs at the RX UE side while the interference level on the groupcast PSSCH resource from the interferer at the RX UE side is extremely small. To mitigate this problem, it can be considered that the 3rd-party UE that can transmit NACK on behalf of another RX UE is also within the communication range requirement from the indicated zone. 
Observation 15: For the set of resource where the resource conflict is detected, the coordination UE may not know distance between the TX UE and RX UE while communication range requirement is known from the detected SCI. In other words, the coordination UE may not know whether the RX UE really needs the inter-UE coordination information or not.

Q-A2: When UE-A sends ”A set of resources” to UE-B, including which UE(s) sends it
At least UE-A can transmit the inter-UE coordination information when the UE-A has selected resources to be used for PSCCH/PSSCH transmission. 
Considering hidden-node problem, half-duplex problem, consecutive packet loss, or resource conflict, the triggering condition can include when the RX quality at UE-A side from UE-B is smaller than a certain threshold for a certain duration of time. For instance, UE-A can measure RSRP from UE-B’s transmission or can count the number of decoding failure of PSSCH from UE-B. Or, UE-A can measure RSSI per sub-channel for a certain duration of time. Or, UE-A can recognize that the reserved resources of different UE’s are collided for a certain duration of time. 
Considering that the 3rd-party UE indicates resource conflict, it can be considered that the 3rd-party UE observes the resource conflict at another UE side. For instance, if the groupcast PSCCH/PSSCH with SL HARQ-ACK feedback Option 1 is overlapping with another PSCCH/PSSCH resource(s), and if the 3rd-part UE successes to decode both SCIs from different UEs, the 3rd-party UE can transmit NACK on behalf of the intended RX UE of the groupcast PSCCH/PSSCH only if the 3rd-party UE is within the indicated communication range requirement from the center of the zone indicated by the groupcast PSCCH/PSSCH. 
Proposal 5: For the condition of UE-A’s triggering the inter-UE coordination information in scenario A, one or more of the followings is supported:
· When UE-A triggers resource (re)selection for its own transmission, or
· When the RX quality at UE-A side from UE-B is smaller than a certain threshold for a certain duration of time, or
· When UE-A can recognize that the reserved resources of different UE’s are collided for a certain duration of time

Another approach is that UE-B sends request, and the UE-A transmits the inter-UE coordination information upon the received request. However, in this case, it is necessary to define when and how the UE-B triggers or sends the request. To be specific, if the request is sent via PSCCH and/or PSSCH, the UE-B may need to perform resource (re)selection procedure to receive the inter-UE coordination information. Alternatively, it can be considered that the retransmission resource of UE-B can be updated based on the inter-UE coordination information that is transmitted by UE-A after the UE-A receives initial transmission of the UE-B. Another approach is to use PSFCH format for the request. In this case, it is necessary to define how the PSFCH resource for the request will be allocated to each UE or UE group. Moreover, if the request is sent via PSFCH, it is necessary to investigate how the existing PSFCH and new PSFCH will be multiplexed in the same slot, and how UE perform PSFCH TX/RX or PSFCH TX/TX collision handling. 
Observation 16: For request-based assistance information triggering, it is necessary to further investigate following issues:
· When UE-B triggers or transmits the request, 
· How UE-B transmits the request in terms of contents and container, 
· Study feasibility on the request-based approach considering latency and applicable scenario. 
The condition of triggering the request can include when the UE-B tries to transmit data to another UE or the UE-B triggers resource (re)selection procedure for its own transmission. Moreover, the condition can include when the UE-B determines a number of NACK for the PSCCH/PSSCH transmission from the UE-B during a certain duration of time. 
Regarding how UE-B transmits the request, it can be considered that PSFCH resource is different across different UE groups. Moreover, different PSFCH resource can be used to indicate how many resources are needed. For instance, for a given UE, the UE will select different PSFCH resources for the request depending on whether the remaining packet size to transmit is larger than a certain threshold or not. In this case, the UE-A can effectively determine the set of preferred or non-preferred resources based on the PSFCH resource used for the request. 
Proposal 6: If request-based inter-UE coordination information transmission is supported, 
· the request is transmitted by using a PSFCH format.
· the request signalling can implicitly indicate full or partial UE-B’s packet information (e.g. TX priority, number of (re)transmission, number of sub-channels, TX resource reservation period, TX buffer status). 
For the condition of transmitting the inter-UE coordination information, UE-A would need to check congestion level. In other words, depending on the congestion, the UE-A may or may not transmit the inter-UE coordination information. For instance, if the measured CBR is high at UE-A side, and if the priority value of the inter-UE coordination information is large, the UE-A could skip the transmission of the inter-UE coordination information. On the other hand, if the measure CBR is small at UE-A side, and if the priority value of the inter-UE coordination information is small, the UE-A could perform the transmission of the inter-UE coordination information. Meanwhile, it is not preferable that UE-A lose chance to transmit its own data due to the transmission of the inter-UE coordination information. To be specific, it can be considered that the resources occupied for the inter-UE coordination information is not counted for CR for UE-A. Or, the UE-A can transmit the inter-UE coordination information for other UEs only if its remaining CR or PDB is large enough. 
Considering the signaling overhead of the inter-UE coordination information in network perspective, it is necessary to avoid a number of UEs transmit high correlated information. In other words, if a UE receives the inter-UE coordination information from another UE, and the UE recognizes that the set of resources provided by the information is the same as the set of resources which the UE will transmit, then the UE can skip the transmission of the inter-UE coordination information. 
Proposal 7: It is supported that UE-A skips sending the inter-UE coordination information based on e.g., congestion level, difference compared with the past information or the information received from another UE.

Q-A3: How UE-A and UE-B are determined
In scenario A, one simple approach is that the UE which is supposed to transmit PSCCH/PSSCH for data transmission is determined as UE-B, and the intended receiver of the UE-B is determined as UE-A providing the inter-UE coordination information. For both UE-A and UE-B, the inter-UE coordination operation needs to be enabled via higher layer. For instance, in this scenario, PC5-RRC signaling could be used to enable or disable inter-UE coordination for each UE. In this case, when both UE-A and UE-B have PC5-RRC connection, the resource (re)selection procedure based on the inter-UE coordination information can be used regardless of the cast types of PSSCH. 
For the resource confliction indication to handle half-duplex problem, since the 3rd-party UE needs to decode PSSCH to get the full source/destination ID, it can be considered that UE receiving groupcast PSSCH can act as a coordination UE for other UEs receiving the same groupcast PSSCH without additional PSSCH decoding capability. To be specific, for UEs receiving groupcast with HARQ-ACK feedback Option 2, UE group for the groupcast can be reused for UE group for inter-UE coordination. In this case, additional setup procedure would be minimized for inter-UE coordination. For UEs receiving groupcast with HARQ-ACK feedback Option 1, a UE located within the indicated communication range from the UE transmitting the groupcast PSSCH can act as a coordination UE for other RX UEs. In short, for groupcast, the UE-A and UE-B are determined by the intended RX UE of a groupcast PSSCH, and both UEs will be within the indicated communication range requirement from the center of the indicated zone from the groupcast TX UE for distance-based HARQ-ACK feedback operation. 

Proposal 8: For scenario A, UE-A and UE-B are determined as one or more of followings:
· Alt 1: UE-B is PSCCH/PSSCH TX UE, and UE-A is the intended RX UE of the UE-B. 
· Alt 2: Both UE-A and UE-B receives the same groupcast PSSCH.
· When the groupcast PSSCH is scheduled by SCI format 2-B, both UE-A and UE-B are within the indicated communication range requirement from the center of the indicated zone of the groupcast TX UE. 

Q-A4: How UE-A sends ”A set of resources” to UE-B, including container used for carrying it, implicitly or explicitly or both
The candidates for the container of the inter-UE coordination information are new 2nd SCI format, 3rd SCI format, and PSSCH (MAC CE or PC5-RRC signaling). In this case, the UE may need to perform resource (re)selection procedure at least for the transmission of the inter-UE coordination information. If the UE already has selected resources for its own transmission, the UE may use them for transmitting the assistance information as well. 
If UE-A can transmit the inter-UE coordination information for each UE (group), UE-B may need to know source ID and destination ID corresponding to the inter-UE coordination information to decide whether or not to use the received inter-UE coordination information. In this case, when the 2nd SCI format is used as container for the inter-UE coordination information, this 2nd SCI format needs to include at least L1-source ID and L1-desitmation ID, and then the 2nd SCI format size could be excessively large. Moreover, if the PSSCH associated with the 2nd SCI transmits a TB, additional SCI fields (such as HPN, NDI, RV, HARQ feedback enabled/disabled, and/or cast type indicator) may also need to be included as well. Meanwhile, considering interleaving pattern used in polar coding, the maximum number of input bits including 24-bit CRC will be 164 bits. Furthermore, since the maximum number of encoded bits of the mother code used for SCI encoding is 512 bits, the maximum payload size for the 2nd SCI format would need to be further reduced considering SCI detection performance. In those point of views, it is not preferable that the payload size for 2nd SCI for the inter-UE coordination information is too large. On the other hand, if the 2nd SCI only on PSSCH is supported to achieve repetition gain further, it is necessary to investigate whether or how to convey the remaining L2-source ID and L2-desitation ID bits which are supposed to be conveyed on the MAC message. If these information is conveyed on the 2nd SCI, the payload size of the 2nd SCI format needs to be increased further or the payload size of the inter-UE coordination information would be limited to keep the total payload size of the 2nd SCI format. 
Observation 17: When the inter-UE coordination information is conveyed on the 2nd SCI format, the assistance information can be updated dynamically. However, the mother code rate of the polar coding used for the 2nd SCI encoding could be extremely larger than that of the existing 2nd SCI format in Rel-16. 
Alternatively, UE-A can transmit 2nd SCI twice: one is for PSSCH scheduling, the other is for the inter-UE coordination information. In this approach, since the inter-UE coordination information will be separately encoded from a TB, the contents of the inter-UE coordination information could be updated slot-by-slot. However, it is necessary to investigate how to map this 3rd-stage SCI on PSSCH. In addition, it needs to determine whether or how to update TBS determination when the 3rd-stage SCI is introduced. For simplicity, it can be considered that the number of REs for the 3rd-stage SCI reuses the formula for the 2nd-stage SCI, and the mapping of this 3rd-stage SCI starts right after the end of the 2nd-stage SCI mapping. The UE can transmit the 3rd-stage SCI only if the inter-UE coordination information is triggered. 
Observation 18: When UE-A transmits two 2nd SCI formats: one is for scheduling PSSCH, and the other is for the inter-UE coordination information, it is necessary to investigate how UE-A transmits two 2nd SCI formats simultaneously in a single PSSCH. 
Another approach is the inter-UE coordination information is conveyed by MAC CE on PSSCH. In this case, the RX UE can derive L2-source ID and L2-destination ID from the received 2nd SCI and the received TB. The conventional 2nd SCI format could be reused to schedule the inter-UE coordination information. When the MAC CE is used as container of the inter-UE coordination information, the payload size could be relatively large. Moreover, when the MAC CE is used, the relevant processing time would be few msec. For instance, the MAC CE is known to UE-B 3*Number of slots in a subframe+1 slots after the end of PSFCH associated with PSSCH containing the inter-UE coordination information. On the other hand, considering HARQ operation, if a TB consists of the inter-UE coordination information and other MAC PDU, the UE would need to transmit the inter-UE coordination information for every retransmissions of the TB. It will cause large signaling overhead. In this case, the contents of the inter-UE coordination information to be transmitted on MAC CE would not be updated frequently even though UE-A want to update it due to resource re-evaluation or pre-emption. 
Observation 19: When the inter-UE coordination information is conveyed on MAC CE, the payload size of the assistance information could be larger than that of the case of using 2nd SCI format at the expense of the processing time (e.g. roughly 8 mesc). 
It can be considered that the inter-UE coordination information is conveyed by PC5-RRC signaling. In this case, the relevant processing time for achieving the inter-UE coordination information could be few hundreds msec. Moreover, to use PC5-RRC signaling, the inter-UE coordination information can be transmitted on one or more unicast PSSCH(s). Since the inter-UE coordination information is transmitted on TB(s), the UE would need to transmit the inter-UE coordination information for every retransmissions of the TB(s). It will cause large signaling overhead. 
Observation 20: When the inter-UE coordination information is conveyed on PC5-RRC signaling, the processing time could be excessively larger (e.g. few hundreds msec) compared to the case of using 2nd SCI format or MAC CE. Also, it requires PC5-RRC connection between UE-A and UE-B. 
When the inter-UE coordination information is triggered, UE-A may have data to transmit. In this case, considering PDB of the data, it would be possible that the UE-A transmit both the inter-UE coordination information and the data simultaneously rather than delaying the data transmission. When the inter-UE coordination information is multiplexed with the data in the same TB, the required amount of resources for the TB transmission will be increased. Moreover, due to the HARQ combining, the inter-UE coordination information will be transmitted every (re)transmission of the TB. On the other hand, UE-A can know whether or not UE-B successfully decode the inter-UE coordination information when the SL HARQ-ACK feedback is enabled for the TB. Meanwhile, for the simultaneous transmission of the inter-UE coordination information and UE-A’s other data, the intended receiver of the inter-UE coordination information and the data needs to be the same. Otherwise, the RX UEs may need to decode all the PSSCH even though L1-destination ID in the received SCI is not matched to achieve the inter-UE coordination information. In this case, instead of L1-source or L1-destination ID, another field in the SCI can be used to indicate whether UE-B needs to decode a TB to get the inter-UE coordination information. In other words, it can be considered that UE-B try to decode a TB even though the corresponding L1-destination ID is not matched. 
Observation 21: When the inter-UE coordination information is multiplexed with UE-A’s other data in a TB, the information would be available only for the intended receiver UE of the data. 
Considering that the inter-UE coordination information is used to indicate reserved resources, the form of the information could be broadcast or groupcast. Considering that the inter-UE coordination information can include the set of slots where UE-A cannot perform SL reception, the form of the information could be broadcast or groupcast or unicast. For instance, if the UE-A wants to transmit this information for the intended transmitter UE of UE-A, the information could be a form of unicast or groupcast. Considering signaling overhead, it can be considered that UE-A transmit this information to a UE group rather than transmitting this information to each UE separately. On the other hand, if the UE-A wants to transmit this information for the potential transmitter UE of UE-A, the form of the information could be broadcast or groupcast. Considering that the inter-UE coordination information can include sensing results of UE-A, the form of the information could be broadcast or groupcast. 
Observation 22: Considering signaling overhead in system perspective, it is beneficial that the inter-UE coordination information is transmitted in a broadcast or groupcast manner. 
Regarding the signaling details, it can be considered that “A set of resources” is expressed by the set of combinations of TRIV(s) and FRIV(s) to express non-contiguous time-and-frequency resources. To save signaling overhead, the granularity of TRIV could be multiple slots instead of a single slot. Similarly, the granularity of FRIV could be multiple sub-channels. Alternatively, signaling form of “A set of resources” could be the set of TX pattern candidates which are given by mode 2 resource (re)selection procedure based on the reference TX priority, the reference TX resource reservation period, the reference TX resource reselection counter, and the reference resource selection window. These reference parameters for generating the assistance information could be (pre)configured or predefined. 

In case of resource conflict indication, it can be considered that the PSFCH format is used to indicate whether the TX UE needs to perform retransmission or not. It was discussed that the UE-A can transmit NACK on behalf of the intended RX UE of the UE-B transmitting PSCCH/PSSCH. However, in this case, the UE-A cannot derive PSFCH resource when UE-A does not achieve L1-source ID due to failure of the 2nd SCI decoding. Moreover, in case of groupcast HARQ-ACK feedback Option 2, the UE-A would not know m_ID of the intended RX UE of the UE-B. In those points of views, it can be considered that the separate set of PSFCH resources are allocated for resource conflict indication. To be specific, the UE-A could select PSFCH resource based on in which sub-channel/slot resource conflict occurs. In this case, the UE-B can determine that resource conflict occurs on the resources previously used for the PSCCH/PSSCH transmission when the UE-B receives PSFCH for the resource conflict indication on the PSFCH resource associated with the PSCCH/PSSCH transmission resource. 
Proposal 9: For the container of UE-A’s inter-UE coordination information in scenario A, MAC CE on PSSCH
· It supports at least the case where the inter-UE coordination information is not multiplexed with other data of UE-A in the same TB.
· PSSCH containing the inter-UE coordination information is transmitted at least in broadcast or groupcast manner.

Q-A5: How/when/whether UE-B receives “A set of resources” and takes it into account in the resource selection for its own transmission
First of all, UE-B will use the received inter-UE coordination information after the UE-B triggers resource (re)selection procedure for its own transmission. Moreover, the inter-UE coordination information needs to be valid for UE-B’s resource (re)selection procedure. In other words, the resource set provided by the inter-UE coordination information needs to be related to the resources within UE-B’s resource selection window. If the intended receiver of the inter-UE coordination information is not UE-B, the information would be invalid. For instance, if the inter-UE coordination information is resource set which is preferred for UE-A’s reception, and if the UE-B will not transmit PSCCH/PSSCH to the UE-A, the UE-B does not need to use the information transmitted from UE-A for UE-B’s resource (re)selection procedure. 
Considering the accuracy of the inter-UE coordination information, UE-B may need to consider radio distance or geographical distance between UE-A and UE-B to decide whether or not to use the information transmitted from UE-A. Depending on the intended receiver UEs of the inter-UE coordination information, the UE-B could use the information based on the cast type of its own transmission. For instance, if the inter-UE coordination information is selected resources of UE-A or sensing results of UE-A, the information could be used for UE-B’s resource (re)selection procedure for broadcast/groupcast/unicast PSCCH/PSSCH transmission. On the other hand, if the inter-UE coordination information is resource set which is preferred or is not preferred for UE-A’s reception, the information could be used when the UE-B’s PSCCH/PSSCH transmission is unicast or (connection-oriented) groupcast of which intended receiver is UE-A. Even for the broadcast, the inter-UE coordination information sent by UE-A could be used for UE-B’s resource (re)selection procedure to ensure UE-A can receive the broadcast message sent by the UE-B. 
Proposal 10: For the condition of using the inter-UE coordination information at UE-B side, one or more of followings is supported:
· When UE-B triggers resource (re)selection for its own transmission (i.e. UE-B has data to transmit), or
· When receiving the valid inter-UE coordination information with satisfying one or more of following conditions, or
· E.g. Target receiver of the information includes UE-B, or
· E.g. At least one preferred resource provided by the information overlaps with/included in UE-B’s candidate resources during the resource (re)selection procedure, or
· E.g. RSRP measurement based on the container of the information at UE-B side is higher than the (pre)configured RSRP threshold.

Observation 23: Even though the received inter-UE coordination information targets a certain cast type and/or link, it could be beneficial for UE-B to take it into account in a resource (re)selection procedure for packet transmission targeting other cast type and/or link. 

UE-B will perform resource (re)selection procedure based on the received SCI at UE-B side. When the UE-B decide to use the inter-UE coordination information for its resource (re)selection procedure, UE-B will use the information to determine the candidate resources or selected resources for its transmission in addition to the received SCI at UE-B side. 
Considering that the inter-UE coordination information is relay of the sensing results of UE-A, the UE-B will find TX pattern(s) overlapping with the resource set provided by the information or RX pattern provided by the received SCI. In this case, RSRP value for the resource set provided by the information will be given by the information as well. For the RX pattern provided by the received SCI, the RSRP value will be determined by UE-B’s measurement based on the corresponding PSCCH or PSSCH DMRS. If the RSRP measurement of the RX pattern is higher than the RSRP threshold, the UE-B will exclude the TX pattern overlapping with the RX pattern(s) from the candidate resource. 
In Rel-16 resource (re)selection procedure, when the ratio of the candidate resources within a resource selection window is smaller than (pre)configured threshold X%, the UE finds candidate resources again with the boosted RSRP threshold. If the inter-UE coordination information can cause the case where the RSRP threshold is boosted, UE-B may use reserved resources of other UEs for PSCCH/PSSCH transmission. It would have impact on Rel-16 UE which determine candidate resources and selected resource based on the received SCI only. In this case, it can be considered that at least RSRP threshold for RX pattern associated with the received SCI will be boosted only if the ratio of the candidate resources determined based on the received SCI only is smaller than X%. In other words, after applying the inter-UE coordination information, the final ratio of the candidate resources within a resource selection window can be smaller than (pre)configured threshold X%. 
On the other hand, if the final ratio of the candidate resource is too small, it would not be useful to avoid resource collision among mode 2 UEs. In this case, it can be considered that if the final ratio of the candidate resource is smaller than another (pre)configured threshold Y%, UE-B can determine candidate resource with boosted RSRP threshold for the inter-UE coordination information. To avoid that UE-B uses resources with high interference for PSCCH/PSSCH transmission, it can be considered to employ maximum value of the RSRP threshold for the inter-UE coordination information. Alternatively, if the final ratio of the candidate resource is too small, UE-B can cancel to use the inter-UE coordination information for its resource (re)selection procedure. 
Meanwhile, for slots where UE-B does not monitor SCI due to half-duplex restriction, the UE-B will determine the RX patterns associated with the non-monitored slots based on all the (pre)configured resource reservation period values. To be specific, the UE-B will find TX patterns not overlapping with all the frequency resources in the slots associated with the non-monitored slots. On the other hand, when UE-B receives the assistance information, resource set provided by the assistance information could be used to determine RX patterns associated with the non-monitored slots at UE-B side. For instance, if UE-A monitors SCI in non-monitored slot of UE-B, and if the UE-A transmits sensing results based on the SCI monitored in the slot, the UE-B can use it as if the UE-B monitors SCI in the non-monitored slot. Alternatively, the resource set provided by the inter-UE coordination information can update all or a subset of the RX patterns associated with the non-monitored slot of UE-B if they are located in the same slot position. In other words, in the overlapping slot, UE-B will determine candidate resource based on the inter-UE coordination information rather than excluding all the frequency resources. 
Considering that the inter-UE coordination information is the set of slots where UE-A cannot perform SL reception, UE-B first determine candidate resources based on the received SCI as in Rel-16 resource (re)selection procedure. If the intended receiver UE of UE-B is UE-A, then the UE-B determine selected resources from the candidate resources to avoid the resource set provided by the information. 
Proposal 11: For UE-B’s resource (re)selection procedure in scenario A, the UE-B takes into account the inter-UE coordination information in the resource selection with one or more of following ways: 
· UE-B determines candidate resources based on its own sensing results and the resource set provided by the information, or
· Alt 1: From the candidate resource set identified based on UE-B’s sensing results as in Rel-16 Mode-2, UE-B (additionally) excludes resources overlapping with the resource set provided by the information if the RSRP value corresponding to the resource set is higher than the (pre)configured RSRP threshold, or
· Alt 2: From the resources within a resource selection window, UE-B excludes resources overlapping with the resources provided by its own sensing results and the resource set provided by the information if the RSRP value corresponding to the resource set is higher than the (pre)configured RSRP threshold, where
· The RSRP measurement of the resource set is based on DMRS of PSSCH containing the assistance information, or
· The RSRP measurement of the resource set is given by the assistance information, or
· The RSRP measurement of the resource set is always infinity. 
· Alt 3: UE-B finally selects the resources among the intersection of candidate resource set identified based on UE-B’s sensing results as in Rel-16 Mode-2 and the resource set provided by the information. 
· UE-B determines selected resources based on the resource set provided by the information.
· Alt 4: UE-B determines selected resources to avoid the resource set provided by the information, or
· UE-B can perform sensing operation on resource(s) not associated with the resource set provided by the information.
· Alt 5: UE-B determines selected resource among the candidate resources to include all or a subset of the resource set provided by the information.
· UE-B can perform sensing operation on resource(s) associated with the resource set provided by the information. 

Proposal 12: For UE-B’s resource (re)selection procedure, the minimum ratio of candidate resources over a resource selection window is guaranteed with one or more of following ways:
· The minimum ratio is guaranteed only based on UE-B’s sensing results as in Rel-16 Mode-2 (i.e. No RSRP boosting due to other condition), or
· The minimum ratio is guaranteed for the outcome resources derived by both UE-B’s sensing results as in Rel-16 Mode-2 and the resource set provided by the inter-UE coordination information (e.g., for the case of Alt 1 or Alt 2 in Proposal 11).

Proposal 13: For UE-B’s resource (re)selection procedure, further enhancement on whether to additionally include the excluded resources based on Rel-16 Mode-2 operation as candidate resources by using the inter-UE coordination information. 
· E.g. Among the excluded resources based on Rel-16 Mode-2 operation, all or a subset of them can be considered as candidate resources for UE-B’s transmission when one or more of following conditions is met:
· E.g. the excluded resource is indicated as preferred resource in the information, or
· E.g. Among the excluded resources, the remaining resources other than resource set which is not preferred for UE-B’s transmission in the information.

2.3. Scenario-B: Only a special UE transmits inter-UE coordination information
In this scenario, the coordination UE can be predefined (e.g. RSU) or can be determined in a higher layer (e.g. AS layer or application layer). In case of RSU, the set of resources could be efficiently partitioned and distributed to UE groups considering the blockage environment, traffic load, and emergency situation. 

Q-B1: How/when UE-A determines the contents of “A set of resources”, including consideration of UL scheduling?
When RSU is predefined to act as a coordination UE (UE-A), the UE-A can provide the set of preferred resources for UE-B’s transmission to a group of UEs, and the UEs in the group are expected not to use resources outside the set of preferred resources. 
In a urban grid, a UE can suffer from the hidden-node problem when another UE in the different street uses the same set of resources as shown in Figure 3-(a). Depending on the form of intersection and street, even though two UEs are on the same street, UEs can suffer from hidden-node problem due to building blockage as shown in Figure 3-(b). In these cases, the UE-A can provide different sets of preferred resources to these UEs in advance, then the hidden-node problem could be avoided. To determine the set of preferred resources for UE-B’s transmission, the UE-A may not need to use its own sensing result. Instead, the UE-A can consider the UE group size, and TX packet information of UE-B(s). The UE-A can achieve the TX packet information by receiving PSCCH/PSSCH from UE-B(s). In this case, the set of preferred resources could be updated based on the PSCCH/PSSCH transmitted by UE-B belong to a certain UE group. For instance, when the number of UEs transmitting PSCCH/PSSCH in a group is large, the UE-A will increase the amount of the preferred resources for the UE group(s). If the UE-A can receive TX packet information of UE-B, it would be possible that the UE-A use it to update the set of preferred resources for the UE group. 
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Figure 3: Example of inter-UE coordination performed by RSU.
When a leader UE in a platooning driving group of UEs is act as a coordination UE (UE-A), the UE-A can perform its own sensing operation and determine the set of preferred or non-preferred resources for transmission of UE-Bs belonging to the UE group, and the UEs in the group performs resource selection procedure with a help of the inter-UE coordination information from the UE-A. For instance, the vehicle type of the UE-A could be a truck of which antenna height is high, and the UE-A detects SCI(s) from UEs in front of the UE-A, and from the UEs beside of the UE-A while the UEs behind the UE-A would not detect these SCIs due to vehicle blockage. To alleviate this hidden-node problem, the UE-A can provide the inter-UE coordination information (Resource Set A) to UE groups behind the UE-A not to use the resources that will not be detected by the UE group as shown in Figure 4. Moreover, a UE in the left side of the UE-A would not detect SCI transmitted from another UE in the right side of the UE-A due to vehicle blockage as shown in Figure 4. To mitigate this hidden-node problem, the UE-A can also provide the set of preferred or non-preferred resources to UEs besides the UE-A by using its own sensing results. When the UE-A determines the amount of preferred resources, the UE-A can consider the UE group size, and/or TX packet information in a group as well. 
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Figure 4: Example of inter-UE coordination performed by a leader UE in a group.

Observation 24: For scenario B, the set of resources preferred for UE-B’s transmission will be determined by UE-A based on the group size which the UE-B belongs to, and TX packet characteristics of UE-B. 
· Additionally, the UE-A may need to exclude resources occupied by UEs not belonging to the UE group. 
Observation 25: For scenario B, when the inter-UE coordination information is the set of resources preferred for UE-B’s transmission, 
· It is expected that UE-B does not use resources other than the set of resources provided by the inter-UE coordination information. 
· It is not precluded that UE-B does not use all or a subset of the set of resources provided by the inter-UE coordination especially when the UE-B determines that the resources suffer from high interference or when the UE-B is supposed to transmit UL channel on the resources.
Proposal 14: For inter-UE coordination information in scenario B, support that UE-A provide the set of resources preferred for UE-B’s transmission to a group of UEs. 

Q-B2: When UE-A sends ”A set of resources” to UE-B, including which UE(s) sends it
The inter-UE coordination information could be triggered periodically with (pre)configured period. After the inter-UE coordination information is triggered, UE-A would transmit the information in the earliest selected resources of the UE-A, or UE-A would trigger resource (re)selection procedure for transmitting the information. Meanwhile, considering signaling overhead, it is necessary consider that UE-A skips transmitting the inter-UE coordination information for a certain condition. For instance, if the set of resources indicated by the information is not changed before, the UE-A can cancel triggering of the inter-UE coordination information. 
     In case of RSU-based inter-UE coordination, it can be considered that the UE-A can transmit the inter-UE coordination information more frequently during the rush hour. Moreover, with a help of camera or other sensor, the application layer at the UE-A side can decide whether the inter-UE coordination information needs to be transmitted or not. For instance, when a number of vehicles are observed by the RSU, the RSU can start to transmit the inter-UE coordination information. On the other hand, when there is no vehicle on the road, the RSU will not transmit the inter-UE coordination information. In a similar manner, in case of platooning driving, the leader UE can transmit inter-UE coordination information when a UE is newly joint the platooning group. Or, when the leader UE needs to update the inter-UE coordination information since the indicated resources are overlapping with high interference resource that might be detected by member UEs, the leader UE will start to transmit inter-UE coordination information. 
Proposal 15: For the condition of UE-A’s triggering the inter-UE coordination information in scenario B, one or more of followings is supported:
· When a certain period time is passed after the UE-A previously transmits the inter-UE coordination information, or
· When the previously indicated resources are fully or partially overlapping with resources with high interference, or
· When higher layer at the UE-A side determines to transmit the inter-UE coordination information.  
Additionally, it can be considered that UE-B in a group can request of updating the inter-UE coordination information to UE-A. For instance, when the UE-B determines that the amount of preferred resources provided by the inter-UE coordination information needs to be increased, the UE-B can transmit SL channel (e.g. new PSFCH format) for the request. For the request-based inter-UE-coordination information transmission, the mechanism discussed in Section 2.2 can be reused. 

Q-B3: How UE-A and UE-B are determined
In scenario B, the UE-A providing the inter-UE coordination UE could be predefined. For instance, a certain RSU can be deployed with a purpose of inter-UE coordination. In this case, the UEs around the RSU or which can receives inter-UE coordination information transmitted from the RSU could be determined as UE-B. Another example is that the leader UE of a platooning driving can help the member UEs by transmitting inter-UE coordination information which can be used for resource (re)selection procedure at the member UE side. In this case, these member UEs in the platooning driving group are determined as UE-B. Additionally, UEs around the leader UE could receive the inter-UE coordination information from the leader UE. 
Proposal 16: For scenario B, UE-A and UE-B are determined as one or more of followings:
· Alt 1: A certain UE can be determined as UE-A from its deployment. 
· UE-B is UEs which is capable of receiving the inter-UE coordination information from the UE-A. 
· Alt 2: Higher layer (e.g. application layer) can determine which UE is UE-A, and which UE is UE-B and their relationship. 

Q-B4: How UE-A sends ”A set of resources” to UE-B, including container used for carrying it, implicitly or explicitly or both
In scenario B, the form of the inter-UE coordination information would be the set of preferred or non-preferred resources. In this case, due to the relatively large payload size, PSSCH could be used to convey the inter-UE coordination information. Considering that the processing time, the MAC CE on PSSCH could be used for the container for carrying the inter-UE coordination information. 
Proposal 17: For the container of UE-A’s inter-UE coordination information in scenario B, support at least MAC CE on PSSCH.
· It supports at least the case where the inter-UE coordination information is not multiplexed with other data of UE-A in the same TB.
· PSSCH containing the inter-UE coordination information is transmitted at least in broadcast or groupcast manner.

Regarding the signaling details, in a similar manner with Section 2.2, it can be considered that “A set of resources” is expressed by the set of combinations of TRIV(s) and FRIV(s) to express non-contiguous time-and-frequency resources. Considering that the RSU could provide different set of resources across different UE groups while the UE will perform its own sensing operation, the set of resources could be provided by 2-dimentional bitmap. 

Q-B5: How/when/whether UE-B receives “A set of resources” and takes it into account in the resource selection for its own transmission
In scenario B, the UE-A could provide the set of preferred resources to UE-B before the UE-B triggers resource (re)selection procedure for its own transmission. Considering that the final resource for UE-B’s transmission will be within the set of resources for the UE group, it can be considered that the UE-B skips sensing in some slots which is associated with resources outside the set of preferred resources provided by the information. In case of platooning driving with inter-UE coordination, it can be further considered that a leader UE provides the set of high interference resources to member UEs based on the sensing operation of the leader UE. In case of RSU-based inter-UE coordination, it would be possible that a single RSU can provide different sets of preferred resources to different UE groups. In this case, UE-B needs to check the received inter-UE coordination information is associated with the UE group where the UE-B belongs to. In those points of views, the condition when the UE-B use the inter-UE coordination information for its resource (re)selection procedure would be the same as those for scenario A. 

Proposal 18: For UE-B’s resource (re)selection procedure in scenario B, the UE-B takes into account the inter-UE coordination information in the resource selection with one or more of following ways: 
· UE-B determines candidate resources within the resource set provided by the information by using its own sensing results, or
· Alt 1: UE-B finally selects the resources among the intersection of candidate resource set identified based on UE-B’s sensing results as in Rel-16 Mode-2 and the resource set provided by the information. 
· UE-B reports problematic resource derived based on its own sensing results and the resource set provided by the information to its higher layer. 
· Alt 2: When the selected resources of UE-B based on its own sensing results is overlapping with the resource outside the preferred resources provided by the information, the UE-B can report this overlapping resource to reselect the corresponding resource. 
Depending on the condition of triggering the inter-UE coordination information, the UE-B could receive the updated information from the same UE during the resource (re)selection procedure. For simplicity, UE-B can use the updated information in the next resource (re)selection procedure, but the efficiency of using the inter-UE coordination information could be degraded due to the old-fashioned information. Alternatively, the UE-B performs the resource (re)selection procedure again by using the updated information for a certain condition. For instance, the UE-B can trigger the resource (re)selection again when the remaining PDB of UE-B is large enough or when the resource set provided by the inter-UE coordination information is quite different compared to the previous assistance information. 
Proposal 19: In scenario B, when UE-B receives updated inter-UE coordination information from the same UE, UE-B can retrigger resource (re)selection procedure to use the updated information when one or more of following conditions is met: 
· When the remaining PDB of UE-B’s transmission is higher than a (pre)configured threshold, or
· When the portion of difference between the previous information and the updated information is higher than a (pre)configured threshold. 

In system perspective, it is possible that UE-B receives the inter-UE coordination information from different UEs. For instance, in RSU-based inter-UE coordination scenario, the UE in motion can receive inter-UE coordination information from different RSUs. If the inter-UE coordination information is the form of resource set which is preferred or is not preferred for the reception of the UE transmitting the inter-UE coordination information, the UE-B can select which inter-UE coordination information to be used for UE-B’s resource (re)selection depending on the intended receiver UE of UE-B’s PSCCH/PSSCH transmission. 

3. Conclusions
In this contribution, we discussed inter-UE coordination for mode 2 resource allocation enhancement. Based on the above discussion, our observations and proposals are given as follows:
Observation 1: As per the objective in WID, followings are out of scope:
· UE-A directly schedules UE-B’s PSCCH/PSSCH transmission resources (e.g. Mode 2-(d) discussed in Rel-16 study item phase). 
· This is not aligned with the description of “UE-B takes this into account in the resource selection for its own transmission” in WID.
· UE-A deliver a set of resources determined by gNB (e.g. sidelink grant) to UE-B. 
· This is not aligned with the description of “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 WID.
· Note that discussion on whether or not to additionally include it in the scope of mode 2 resource allocation enhancement should be handled in the plenary meeting. 
Observation 2: It would be beneficial in terms of signaling overhead and latency that UE-B can deprioritize or prioritize its own PSCCH/PSSCH transmission resources based on the inter-UE coordination information provided by UE-A compared to dynamic scheduling. 
Observation 3: To solve exposed-node problem, when UE-B transmit PSCCH/PSSCH on reserved resources of UE-C, the intended receivers of UE-C may experience high interference due to resource collision. 
Proposal 1: To design inter-UE coordination for the enhancement in mode 2, exposed-node problem is not considered. 
Proposal 2: To design inter-UE coordination for the enhancement in mode 2, one or more of following scenarios is considered: 
· Scenario A: Any peer UE can transmit and receive inter-UE coordination information. 
· UE(s) receiving the inter-UE coordination information can use it for its own resource (re)selection procedure. 
· Scenario B: Only a special UE can transmit inter-UE coordination information. 
· Other UE(s) can receive and use the information for its own resource (re)selection procedure. 

For Scenario A: 
Observation 4: For scenario A, the set of resources preferred for UE-B’s transmission will not include resources with high interference which is determined by UE-A’s sensing operation and resources used for UE-A’s transmission.
Observation 5: For scenario A, when the inter-UE coordination information is the set of resources preferred for UE-B’s transmission, 
· It is expected that UE-B does not use resources other than the set of resources provided by the inter-UE coordination information. 
· It is not precluded that UE-B does not use all or a subset of the set of resources provided by the inter-UE coordination especially when the UE-B determines that the resources suffer from high interference or when the UE-B is supposed to transmit UL channel on the resources.
Observation 6: For scenario A, the set of resources not preferred for UE-B’s transmission will include resources with high interference which is determined by UE-A’s sensing operation and/or resources used for UE-A’s transmission.
Observation 7: For scenario A, when the inter-UE coordination information is the set of resources not preferred for UE-B’s transmission, it is expected that UE-B does not use the resources regardless of UE-B’s sensing result.
Observation 8: Depending on the congestion level and UE-B’s packet information, the set of resources not preferred for UE-B’s transmission may or may not be better in terms of signaling overhead compared to the set of resources preferred for UE-B’s transmission
Observation 9: UE-A may not know PSFCH TX/TX or PSFCH TX/RX collision happens at UE-B side due to the lack of information of source/destination ID. Moreover, in case of groupcast, UE-A may not know which (L1-)destination ID UE-B tries to detect. 
Observation 10: For PSFCH TX/TX collision, UE-A may not know whether a number of PSFCH TXs are dropped or not at UE-B side since the maximum number of simultaneous PSFCH transmissions is determined by UE capability. 
Observation 11: It needs to be clarified 
· How precisely UE-A can determine whether half-duplex problem happens at UE-B side by using the detected L1-source IDs and the detected L1-destination IDs at UE-A side, or
· Whether it is burden for UE-A to always try to decode PSSCH targeting UE-B to receive L2-source ID and L2-destination ID to determine whether half-duplex problem happens at UE-B side. 
Observation 12: UE-A may not detect resource collision at UE-B side since UE-A fails to decode the corresponding PSCCHs when the PSCCHs are overlapped with PSSCH or when the PSCCHs use the same OCC. 
Observation 13: UE-A may not transmit NACK on behalf of UE-B when UE-A detects resource conflict at UE-B side due to lack of information about L1-source ID if UE-A fails to decode 2nd-stage SCI due to resource collision. 
Observation 14: For groupcast with HARQ-ACK feedback Option 2, UE-A cannot transmit NACK on behalf of UE-B when UE-A detects resource conflict at UE-B side since UE-A will not know the member ID of UE-B. 
Observation 15: For the set of resource where the resource conflict is detected, the coordination UE may not know distance between the TX UE and RX UE while communication range requirement is known from the detected SCI. In other words, the coordination UE may not know whether the RX UE really needs the inter-UE coordination information or not.
Observation 16: For request-based assistance information triggering, it is necessary to further investigate following issues:
· When UE-B triggers or transmits the request, 
· How UE-B transmits the request in terms of contents and container, 
· Study feasibility on the request-based approach considering latency and applicable scenario. 
Observation 17: When the inter-UE coordination information is conveyed on the 2nd SCI format, the assistance information can be updated dynamically. However, the mother code rate of the polar coding used for the 2nd SCI encoding could be extremely larger than that of the existing 2nd SCI format in Rel-16. 
Observation 18: When UE-A transmits two 2nd SCI formats: one is for scheduling PSSCH, and the other is for the inter-UE coordination information, it is necessary to investigate how UE-A transmits two 2nd SCI formats simultaneously in a single PSSCH. 
Observation 19: When the inter-UE coordination information is conveyed on MAC CE, the payload size of the assistance information could be larger than that of the case of using 2nd SCI format at the expense of the processing time (e.g. roughly 8 mesc). 
Observation 20: When the inter-UE coordination information is conveyed on PC5-RRC signaling, the processing time could be excessively larger (e.g. few hundreds msec) compared to the case of using 2nd SCI format or MAC CE. Also, it requires PC5-RRC connection between UE-A and UE-B. 
Observation 21: When the inter-UE coordination information is multiplexed with UE-A’s other data in a TB, the information would be available only for the intended receiver UE of the data. 
Observation 22: Considering signaling overhead in system perspective, it is beneficial that the inter-UE coordination information is transmitted in a broadcast or groupcast manner. 
Observation 23: Even though the received inter-UE coordination information targets a certain cast type and/or link, it could be beneficial for UE-B to take it into account in a resource (re)selection procedure for packet transmission targeting other cast type and/or link. 

Proposal 3: For inter-UE coordination information in scenario A, support both the set of resources preferred for UE-B’s transmission and the set of resources not preferred for UE-B’s transmission, and support indicator to indicate the type of the set of resources.
Proposal 4: Since the third UE does not know whether or how PSFCH TX(s) or RX(s) are dropped, it is not desirable to consider PSFCH TX/TX or TX/RX collision for inter-UE coordination design.
Proposal 5: For the condition of UE-A’s triggering the inter-UE coordination information in scenario A, one or more of the followings is supported:
· When UE-A triggers resource (re)selection for its own transmission, or
· When the RX quality at UE-A side from UE-B is smaller than a certain threshold for a certain duration of time, or
· When UE-A can recognize that the reserved resources of different UE’s are collided for a certain duration of time
Proposal 6: If request-based inter-UE coordination information transmission is supported, 
· the request is transmitted by using a PSFCH format.
· the request signalling can implicitly indicate full or partial UE-B’s packet information (e.g. TX priority, number of (re)transmission, number of sub-channels, TX resource reservation period, TX buffer status). 
Proposal 7: It is supported that UE-A skips sending the inter-UE coordination information based on e.g., congestion level, difference compared with the past information or the information received from another UE.
Proposal 8: For scenario A, UE-A and UE-B are determined as one or more of followings:
· Alt 1: UE-B is PSCCH/PSSCH TX UE, and UE-A is the intended RX UE of the UE-B. 
· Alt 2: Both UE-A and UE-B receives the same groupcast PSSCH.
· When the groupcast PSSCH is scheduled by SCI format 2-B, both UE-A and UE-B are within the indicated communication range requirement from the center of the indicated zone of the groupcast TX UE. 
Proposal 9: For the container of UE-A’s inter-UE coordination information in scenario A, one or more of followings is supported:
· MAC CE on PSSCH
· It supports at least the case where the inter-UE coordination information is not multiplexed with other data of UE-A in the same TB.
· PSSCH containing the inter-UE coordination information is transmitted at least in broadcast or groupcast manner.
Proposal 10: For the condition of using the inter-UE coordination information at UE-B side, one or more of followings is supported:
· When UE-B triggers resource (re)selection for its own transmission (i.e. UE-B has data to transmit), or
· When receiving the valid inter-UE coordination information with satisfying one or more of following conditions, or
· E.g. Target receiver of the information includes UE-B, or
· E.g. At least one preferred resource provided by the information overlaps with/included in UE-B’s candidate resources during the resource (re)selection procedure, or
· E.g. RSRP measurement based on the container of the information at UE-B side is higher than the (pre)configured RSRP threshold.
Proposal 11: For UE-B’s resource (re)selection procedure in scenario A, the UE-B takes into account the inter-UE coordination information in the resource selection with one or more of following ways: 
· UE-B determines candidate resources based on its own sensing results and the resource set provided by the information, or
· Alt 1: From the candidate resource set identified based on UE-B’s sensing results as in Rel-16 Mode-2, UE-B (additionally) excludes resources overlapping with the resource set provided by the information if the RSRP value corresponding to the resource set is higher than the (pre)configured RSRP threshold, or
· Alt 2: From the resources within a resource selection window, UE-B excludes resources overlapping with the resources provided by its own sensing results and the resource set provided by the information if the RSRP value corresponding to the resource set is higher than the (pre)configured RSRP threshold, where
· The RSRP measurement of the resource set is based on DMRS of PSSCH containing the assistance information, or
· The RSRP measurement of the resource set is given by the assistance information, or
· The RSRP measurement of the resource set is always infinity. 
· Alt 3: UE-B finally selects the resources among the intersection of candidate resource set identified based on UE-B’s sensing results as in Rel-16 Mode-2 and the resource set provided by the information. 
· UE-B determines selected resources based on the resource set provided by the information.
· Alt 4: UE-B determines selected resources to avoid the resource set provided by the information, or
· UE-B can perform sensing operation on resource(s) not associated with the resource set provided by the information.
· Alt 5: UE-B determines selected resource among the candidate resources to include all or a subset of the resource set provided by the information.
· UE-B can perform sensing operation on resource(s) associated with the resource set provided by the information. 
Proposal 12: For UE-B’s resource (re)selection procedure, the minimum ratio of candidate resources over a resource selection window is guaranteed with one or more of following ways:
· The minimum ratio is guaranteed only based on UE-B’s sensing results as in Rel-16 Mode-2 (i.e. No RSRP boosting due to other condition), or
· The minimum ratio is guaranteed for the outcome resources derived by both UE-B’s sensing results as in Rel-16 Mode-2 and the resource set provided by the inter-UE coordination information (e.g., for the case of Alt 1 or Alt 2 in Proposal 11).
Proposal 13: For UE-B’s resource (re)selection procedure, further enhancement on whether to additionally include the excluded resources based on Rel-16 Mode-2 operation as candidate resources by using the inter-UE coordination information. 
· E.g. Among the excluded resources based on Rel-16 Mode-2 operation, all or a subset of them can be considered as candidate resources for UE-B’s transmission when one or more of following conditions is met:
· E.g. the excluded resource is indicated as preferred resource in the information, or
· E.g. Among the excluded resources, the remaining resources other than resource set which is not preferred for UE-B’s transmission in the information.

For Scenario B: 
Observation 24: For scenario B, the set of resources preferred for UE-B’s transmission will be determined by UE-A based on the group size which the UE-B belongs to, and TX packet characteristics of UE-B. 
· Additionally, the UE-A may need to exclude resources occupied by UEs not belonging to the UE group. 
Observation 25: For scenario B, when the inter-UE coordination information is the set of resources preferred for UE-B’s transmission, 
· It is expected that UE-B does not use resources other than the set of resources provided by the inter-UE coordination information. 
· It is not precluded that UE-B does not use all or a subset of the set of resources provided by the inter-UE coordination especially when the UE-B determines that the resources suffer from high interference or when the UE-B is supposed to transmit UL channel on the resources.

Proposal 14: For inter-UE coordination information in scenario B, support that UE-A provide the set of resources preferred for UE-B’s transmission to a group of UEs. 
Proposal 15: For the condition of UE-A’s triggering the inter-UE coordination information in scenario B, one or more of followings is supported:
· When a certain period time is passed after the UE-A previously transmits the inter-UE coordination information, or
· When the previously indicated resources are fully or partially overlapping with resources with high interference, or
· When higher layer at the UE-A side determines to transmit the inter-UE coordination information.  
Proposal 16: For scenario B, UE-A and UE-B are determined as one or more of followings:
· Alt 1: A certain UE can be determined as UE-A from its deployment. 
· UE-B is UEs which is capable of receiving the inter-UE coordination information from the UE-A. 
· Alt 2: Higher layer (e.g. application layer) can determine which UE is UE-A, and which UE is UE-B and their relationship. 
Proposal 17: For the container of UE-A’s inter-UE coordination information in scenario B, support at least MAC CE on PSSCH.
· It supports at least the case where the inter-UE coordination information is not multiplexed with other data of UE-A in the same TB.
· PSSCH containing the inter-UE coordination information is transmitted at least in broadcast or groupcast manner.
Proposal 18: For UE-B’s resource (re)selection procedure in scenario B, the UE-B takes into account the inter-UE coordination information in the resource selection with one or more of following ways: 
· UE-B determines candidate resources within the resource set provided by the information by using its own sensing results, or
· Alt 1: UE-B finally selects the resources among the intersection of candidate resource set identified based on UE-B’s sensing results as in Rel-16 Mode-2 and the resource set provided by the information. 
· UE-B reports problematic resource derived based on its own sensing results and the resource set provided by the information to its higher layer. 
· Alt 2: When the selected resources of UE-B based on its own sensing results is overlapping with the resource outside the preferred resources provided by the information, the UE-B can report this overlapping resource to reselect the corresponding resource. 
Proposal 19: In scenario B, when UE-B receives updated inter-UE coordination information from the same UE, UE-B can retrigger resource (re)selection procedure to use the updated information when one or more of following conditions is met: 
· When the remaining PDB of UE-B’s transmission is higher than a (pre)configured threshold, or
· When the portion of difference between the previous information and the updated information is higher than a (pre)configured threshold. 
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