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1. Introduction
In RAN1#104bis-e meeting [1], followings are concluded for the inter-UE coordination for resource allocation enhancement: 
	Agreement:
· Support the following schemes of inter-UE coordination in Mode 2:
· Inter-UE Coordination Scheme 1: 
· The coordination information sent from UE-A to UE-B is the set of resources preferred and/or non-preferred for UE-B’s transmission
· FFS details including a possibility of down-selection between the preferred resource set and the non-preferred resource set, whether or not to include any additional information other than indicating time/frequency of the resources within the set in the coordination information
· FFS condition(s) in which Scheme 1 is used
· Inter-UE Coordination Scheme 2: 
· The coordination information sent from UE-A to UE-B is the presence of expected/potential and/or detected resource conflict on the resources indicated by UE-B’s SCI
· FFS details including a possibility of down-selection between the expected/potential conflict and the detected resource conflict
· FFS condition(s) in which Scheme 2 is used

Agreements:
1. Study further to determine the conditions for UEs to be UE-A(s)/UE-B(s) for inter-UE coordination:
· Details include applicable scenario(s)/inter-UE coordination scheme(s)
· E.g., only UE(s) among the intended receiver(s) of UE-B can be a UE-A, any UE can be a UE-A, high-layer configured, etc.
· Including the possibility of being subject to certain conditions and/or capability

Agreement:
· When UE-B receives the inter-UE coordination information from UE-A, consider at least one of the following options (with details FFS including possibly down-selecting/merging one or more of the options below, applicable scenario(s)/condition(s) for each option, UE behavior) for UE-B’s to take it into account in the resource (re)-selection for its own transmission
· For scheme 1:
· Option 1-1: UE-B’s resource(s) to be used for its transmission resource (re)-selection is based on both UE-B’s sensing result (if available) and the received coordination information
· Option 1-2: UE-B’s resource(s) to be used for its transmission resource (re)-selection is based only on the received coordination information
· Option 1-3: UE-B’s resource(s) to be re-selected based on the received coordination information
· 
Option 1-4: UE-B’s resource(s) to be used for its transmission resource (re)-selection is based on the received coordination information
· For scheme 2:
· Option 2-1: UE-B can determine resource(s) to be re-selected based on the received coordination information
· Option 2-2: UE-B can determine a necessity of retransmission based on the received coordination information


In FL’s summary made in RAN1#105-e meeting [2], following proposals were discussed for inter-UE coordination information design:
	· For scheme 1, the following inter-UE coordination information signaling from UE-A is supported. FFS details including condition(s)/scenario(s) under which each information is enabled to be sent by UE-A and used by UE-B.
· Set of resources preferred for UE-B’s transmission
· Set of resources non-preferred for UE-B’s transmission
· FFS: Whether in one signaling instance of coordination information, UE-A sends one type of resources (either preferred or non-preferred)
· FFS: Whether information for another resource set can be implicitly derived from signaling of information for a specific resource set
· Note that this implies that RAN1 decides no further down-selection between the preferred resource set and the non-preferred resource set in the following FFS point (marked with yellow) of agreement made in RAN1#104bis-e meeting.
· For scheme 2, the following inter-UE coordination information signaling from UE-A is supported. FFS details including condition(s)/scenario(s) under which each information is enabled to be sent by UE-A and used by UE-B
· Presence of expected/potential resource conflict on the resources indicated by UE-B’s SCI
· Presence of detected resource conflict on the resources indicated by UE-B’s SCI
· Note that this implies that RAN1 decides no further down-selection between the expected/potential conflict and the detected resource conflict in the following FFS point (marked with yellow) of agreement made in RAN1#104bis-e meeting.
· For scheme 1, when UE-B receives the inter-UE coordination information from UE-A, one or more of the following options for UE-B’s to take it into account in the resource (re)-selection for its own transmission are supported. FFS details including possibly down-selecting/merging one or more of the options below, applicable scenario(s)/condition(s) for each option, UE-B behavior.
· Option 1-1: UE-B’s resource(s) to be used for its transmission resource (re)-selection is based on both UE-B’s sensing result (if available) and the received coordination information
· Option 1-2: UE-B’s resource(s) to be used for its transmission resource (re)-selection is based only on the received coordination information 
· This option is applicable at least when UE-B does not have its own sensing result.
· FFS details including condition(s)/scenario(s) of unavailability of sensing result
· For scheme 2, when UE-B receives the inter-UE coordination information from UE-A, one or more of the following options for UE-B’s to take it into account in the resource (re)-selection for its own transmission are supported. FFS details including possibly down-selecting/merging one or more of the options below, applicable scenario(s)/condition(s) for each option, UE-B behavior.
· Option 2-1: UE-B can determine resource(s) to be re-selected based on the received coordination information
· This option is applicable at least when UE-B receives the coordination information of presence of expected/potential resource conflict on the resources indicated by UE-B’s SCI.
· Option 2-2: UE-B can determine a necessity of retransmission based on the received coordination information
· One or more of following cases are supported for determining UE-A (sending to UE-B(s) the inter-UE coordination information) and UE-B (receiving and using the inter-UE coordination information from UE-A(s)). FFS details including possibly down-selecting one or more of the options below, applicable scenario(s)/inter-UE coordination scheme(s) for each option.
· Option 1: Only UE(s) among the intended receiver(s) of UE-B can be a UE-A
· At least the intended receiver(s) is the destination UE(s) of a TB transmitted by UE-B
· FFS additional condition(s) of being the intended receiver(s) of UE-B
· Option 2: Any UE can be a UE-A
· FFS additional condition to be met to become a UE-A


In this contribution, we continue to discuss the inter-UE coordination mechanism in mode 2 resource allocation for enhanced reliability and reduced latency. 

2. Discussion
In RAN1#104bis-e meeting, two schemes are agreed for inter-UE coordination mechanism. In Scheme 1, UE-A can provide UE-B with the set of resources that can be considered for UE-B’s resource (re)selection procedure. On the other hand, in Scheme 2, UE-A can provide UE-B with the indication of the existence of resource conflict for the resources indicated by UE-B’s SCI, and UE-B can reselect some of the resources indicated by UE-B’s SCI to avoid the resource conflict. 
In Scheme 1, considering that the form of “A set of resources” can be 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. Moreover, since UE-A would not indicated all the resources preferred or not preferred for UE-B’s transmission due to the payload size limit, the preferred resource set and the non-preferred resource set could be complementary each other. To be specific, UE-A can provide the preferred resource set in the form of contiguous time-and-frequency resources, and the UE-A can further provide the non-contiguous non-preferred resource set within the preferred resource set. It would be beneficial to efficiently reduce the payload size of the coordination information in Scheme 1. In those points of views, it can be considered to support both types of “A set of resources” for inter-UE coordination information. 
Observation 1: It would be beneficial in terms of the required payload size to use both preferred resource set and non-preferred resource set simultaneously.
Proposal 1: For Scheme 1, support both the preferred resource set and the non-preferred resource set for UE-B’s transmission.

In Scheme 2, according to the FL summary in the last meeting [2], there are divergent views on the gain/loss of the indication of the detected resource conflict compared to Rel-16 Mode 2 resource allocation. In case of resource collision on UE-B’s transmission in the past, the intended RX UE of the UE-B may store contaminated coded bits due to the resource collision in the soft buffer. In this case, even though the UE-B transmits a number of retransmissions for the same TB upon receiving the post-collision indication, the coded bits in the soft buffer may not be recovered. In other words, the post-collision indication may not work properly to enhance the PRR performance. Alternatively, it can be considered that UE-B transmits buffer flush indication to the intended RX UE as in Rel-15 URLLC mechanism (DL pre-emption). Upon receiving the buffer flush indication, the RX UE will abandon the contaminated coded bits stored in the soft buffer and try to decode the TB by using only the recently received coded bits. In this case, the post-collision indication may be helpful to enhance the PRR performance. 
Regarding the half-duplex problem on UE-B’s transmission in the past, when the UE-B’s transmission is unicast or groupcast with SL HARQ-ACK feedback Option 2, this problem will be mitigated by the conventional SL HARQ-ACK process. To be specific, for the resources with half-duplex problem, the UE-B will determine the absence of PSFCH of the RX UE, and then the UE-B will determine to perform retransmissions for the same TB. Even for the groupcast with SL HARQ-ACK feedback Option 1, the half-duplex indication can cause unnecessary retransmissions. For instance, the RX UE of the UE-B could be actually located outside the communication range requirement from UE-B’s location. Or, it is possible that the RX UE succeed to decode the TB in the previous transmission(s) for the same TB. In other words, UE-B can transmit a number of PSSCHs for the same TB, and a part of the PSSCH transmissions can suffer from half-duplex problem. Depending on the number of (re)transmissions of the TB, the half-duplex problem may not be critical problem. Moreover, NACK transmission of UE-A on behalf of the intended receiver(s) of UE-B can cause wrong decision on the RV value(s) of retransmission(s) at UE-B side. To be specific, the PSSCH with RV0 or RV3 is self-decodable while PSSCH with RV1 or RV2 is not self-decodable. Instead, RV1 or RV2 is beneficial to achieve more coding gain. Without consideration of the NACK transmission of UE-A, receiving NACK implies that the intended receiver successes to decode SCI and stores coded bits of initial transmission (with RV0) in its soft buffer. Next, UE-B will transmit retransmission of the same TB with RV2 or RV1 to maximize coding gain in general. In this case, the intended receiver can use both coded bits associated with RV0 and coded bits associated with RV2 or RV1 to decode the TB. However, when half-duplex problem occurs in the initial transmission, the intended receiver will receive only coded bits associated with RV2 or RV1, and they are not self-decodable. In this case, the UE-B would be needed to perform more retransmissions for the same TB. Alternatively, when the UE-B use only RV0 or RV3 for (re)transmission, the above problem could be mitigated, but the overall performance would be degraded due to the reduced coding gain. Moreover, when the TX UE is R16 UE, it is not possible to restrict the usage of RV. In an another apporach, when the resource conflict indication is separated from the existing HARQ-ACK feedback resource, the UE-B can distinguish whether the intended receiver stores coded bits of initial transmission or not, and can select suitable RV value for the retransmission of the same TB. According to Figure 1, the RX UE of the existing HARQ process has both self-decodable coded bits and non-self-decodable coded bits, but the RX UE with half-duplex problem has only non-self-decodable coded bits. For the RX UE with half-duplex UE, the RX UE needs to wait to receive retransmission of the same TB with RV0 or RV3. In case of unicast or groupcast with HARQ-ACK feedback Option 2, after UE-B determines the absence of PSFCH, UE-B will transmit retransmission with self-decodable coded bits. 
Observation 2: NACK transmission of UE-A on behalf of RX UE due to the detected resource conflict can cause that UE-B selects RV value associated with non-self-decodable PSSCH. It will results excessive number of retransmissions. 
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Figure 1: Example of HARQ process (a) for retransmission based on the existing SL HARQ-ACK feedback and (b) for retransmission based on the detected resource conflict.

To support the indication of the detected resource conflict on the resources indicated by UE-B’s SCI, it is necessary to further investigate when this feature will have clear benefit.
Regarding expected/potential resource conflict, it is necessary to consider the case where UE-B does not use resources reserved for retransmission after the UE determines ACK for the TB associated with the retransmission resource(s) and the case where UE-B changes source ID, destination ID, and/or HARQ-ACK feedbacak enabled/disabled for the next periodic reserved resource(s). In this case, potential resource conflict would be more suitable phrase in this stage. Proposal 2: For Scheme 2, support at least indication of the potential resource conflict on the resources indicated by UE-B’s SCI.

2.1. Conditions for UEs to be UE-A(s)/UE-B(s) for inter-UE coordination
For both coordination schemes, it is necessary to determine the relationship between UE(s) providing inter-UE coordination information and UE(s) using the inter-UE coordination information for its resource (re)selection procedure. 
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 RX UE(s) can transmit inter-UE coordination information to the PSCCH/PSSCH TX UE to improve the detection performance of another RX UE. In this approach, UE-A and UE-B would be connected via PC5-RRC at least when UE-B’s PSCCH/PSSCH transmission is unicast. For groupcast and/or broadcast PSSCH transmission, the UE-A and UE-B would try to detect the same set of destination ID(s). Moreover, in case of distance-based operation, UE-A would need to be located within the communication range requirement from the center of the zone indicated by the UE-B. Since the coordination mechanism would require additional computational complexity and battery consumption, all the RX does not need to be UE-A and/or UE-B. In this case, UE’s higher layer can decide whether or not to perform coordination mechanism. This kind of relationship between UE-A and UE-B could be applied to both Scheme 1 and Scheme 2. To be specific, in case of Scheme 2, it would not be a burden for UE-A to decode PSSCH for achieving L2 IDs to determine half-duplex problem. 
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 as shown in Figure 2. Another example is that a leader UE of a group can transmit inter-UE coordination information to other UEs in the group as shown in Figure 3. In this scenario, the leader UE provides a set of resources to a certain UE group, and it would be expected that UEs in the UE group uses these resources for their own transmissions while UEs not belonging to the UE group does not use these resources. Another example is that UE-A is not intended receiver of UE-B’s transmission, and the UE-A detects resource conflict on the resources indicated by UE-B’s SCI. In this case, to accurately determine half-duplex problem between UE-B and UE-B’s RX UE other than UE-A, the UE-A may need to decode UE-B’s PSSCH(s) transmission even though the UE-A is not interested in the destination ID of the PSSCH. To do this, the UE-A could be provided with the set of L2-destination ID(s) which the UE-A tries to detect for generating inter-UE coordination. Moreover, it is necessary to avoid that the anonymous UE provides wrong inter-UE coordination information with malicious intention. In those points of views, it would be necessary that the role of UE-A is confirmed by UE-B via PC5-RRC connection even though it is allowed that the non-intended receiver of UE-B’s transmission acts as UE-A. This mechanism would be also useful to mitigate signaling flooding. 
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Figure 2: Example of inter-UE coordination.
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Figure 3: Example of inter-UE coordination.
Proposal 3: One or more of following cases are supported for determining UE-A (sending to UE-B(s) the inter-UE coordination information) and UE-B (receiving and using the inter-UE coordination information from UE-A(s)):
· Option 1: Only UE(s) among the intended receiver(s) of UE-B can be a UE-A
· The intended receiver(s) is the destination UE(s) of a TB transmitted by UE-B 
· At least for unicast, UE-A and UE-B are PC5-RRC connected
· For groupcast/broadcast, UE-A and UE-B share the same destination ID(s) 
· When UE(s) are provided by higher layer to be UE-A and/or UE-B 
· Option 2: Any UE can be a UE-A
· UE-A and UE-B are PC5-RRC connected
· UE(s) are provided by higher layer to be UE-A and/or UE-B

2.2. Factors for generating inter-UE coordination information
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 or not 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 or when the UE-A cannot perform SL reception. Next, the UE-A can use its own sensing results to determine the resources preferred or not preferred for UE-A’s reception. UE-A’s sensing results can be used for the case when UE-B’s transmission targets UEs other than UE-A. To be specific, UE-A can provide information about high interference resource based on its own sensing results that may or may not be detected by UE-B. For efficiency, it would be necessary that the UE-A use high interference resources which is not detected by UE-B. If the RSRP measurement of other UE’s reserved resources at UE-A side is too high, it would be possible that the UE-B also knows the existence of these high interference resources. In this case, the inter-UE coordination information would not further improve the UE-B’s resource (re)selection procedure. On the other hand, if the RSRP measurement at UE-A side is too small, these reserved resources would be no longer high interference resources for UE-B’s resource (re)selection procedure. In our view, the UE-A can determine that other UE-A’s reserved resources is non-preferred resources when its RSRP measurement at UE-A side is larger than the 1st RSRP threshold and is no greater than the 2nd RSRP threshold. These RSRP thresholds could be determined by RX priority given by the received SCI at UE-A side, and TX priority given by the request from UE-B (if supported). For efficiency, it would be also necessary that the UE-A use its sensing results for the non-monitored slot of the UE-B. For instance, the information about the non-monitored slot of the UE-B could be provided by UE-B’s request or UE-B’s SCI. To be specific, UE-A could derive UE-B’s non-monitored slot based on the UE-B’s reserved resources provided by the SCI transmitted by the UE-B. 
Meanwhile, all the factors to be used for generating the coordination information needs to be known to UE-A before the UE-A prepares and transmits the coordination information as shown in Figure 4. For instance, in Figure 4, UE-A cannot use UL grant received after the coordination information signaling to generate the coordination information.
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Figure 4: Example of timeline of inter-UE coordination.
The processing time to decode PSCCH and/or PSSCH or UL grant to be used for inter-UE coordination information needs to be considered. For simplicity, T_proc,0 or T_0 can be inherited to represent this processing time. In Scheme 1, the inter-UE coordination information would be transmitted on SCI and/or PSSCH, so the processing time for PSCCH and/or PSSCH preparation needs to be further considered. In this case, T_proc,1 or T_1 can be reused to express this processing time.
Proposal 4: For Scheme 1, the set of resources preferred or non-preferred for UE-B’s transmission will be determined based on one or more of followings with subject to processing time budget:
· UE-A’s NR SL resources selected for its transmission(s) of TB(s)
· UE-A’s configured resources for UL
· LTE SL transmission and/or reception of UE-A
· Other UEs’ reserved resources based on UE-A’s sensing result 
· The corresponding RSRP measurement at UE-A side is within a certain range
· Coordination information (e.g., non-preferred resource set) received from other UEs
Note: The coordination information transmitted in slot n is generated based on the above factor(s) known to UE-A before slot n-(T_proc,0+T_proc,1).
The minimum PUSCH preparation time is smaller than 1 msec, and then the typical UL grant-to-PUSCH timing would be also relatively small. If the time gap between the end of the coordination information signaling and the beginning of UE-B’s resource selection window is large, in most cases, the detected UL grant will schedule a PUSCH transmission before the UE-B’s selection window, and the PUSCH transmission within the selection window would be transmitted after the coordination information signaling. In this point of view, we prefer to focus on configured UL resources rather than scheduled UL resources in Scheme 1. 
In case of Scheme 2, the inter-UE coordination information would be transmitted on PSFCH format. In this case, the total processing time to prepare the coordination information signaling would be T_proc,0 or T_0 can be reused to express this processing time. Regarding other UE’s reserved resources based on UE-A’s sensing results, the corresponding priority could be further considered. To be specific, UE-A can determine whether resources indicated by UE-B’s SCI will be pre-empted by another SL transmission or not. In this case, the UE-A can check whether priority value of UE-B’s transmission is larger than the priority value of pre-empting transmission and whether the priority value of the pre-empting transmission is smaller than the (pre)configured threshold. 
Proposal 5: For Scheme 2, the existence of resource conflict on the resources indicated by UE-B’s SCI will be determined based on one or more of followings with subject to processing time budget:
· UE-A’s NR SL resources selected for its transmission(s) of TB(s)
· UE-A’s scheduled/configured resources for UL
· LTE SL transmission and/or reception of UE-A
· Other UEs’ reserved resources based on UE-A’s sensing result 
· Coordination information (e.g., non-preferred resource set) received from other UEs
· SL resources provided by UE-B’s SCI
Note: The coordination information transmitted in slot n is generated based on the above factor(s) known to UE-A before slot n-T_proc,0.
Depending on the design of the coordination information signaling in Scheme 2, the coordination information signaling can be located near the resources with conflict rather than the SCI providing the information about the reserved resources. For instance, if the PSFCH will be transmitted T_3 slots before the resources with conflict, it is possible to use UE-A’s scheduled UL resources for inter-UE coordination information generation as well. Moreover, in Scheme 2, the UE-A can generate the coordination information based on the coordination information received by the UE-A, and the received coordination information could be associated with Scheme 1. In other words, the received coordination information in Scheme 1 can be used to determine the contents of the coordination information in Scheme 2. 

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 UE-A would not know how many PSFCH another UE can transmit simultaneously. Moreover, among the periodic reserved resources, it is up to UE’s decision how to use it. To be specific, resources in each period can be used for different RX UEs, and it is also possible to enable or disable the SL HARQ-ACK feedback differently. In this case, even though UE-A detects two PSSCH transmissions of which PSFCH occasions are the same based on the received SCIs, it does not always mean that the PSFCH TX/TX or PSFCH TX/RX collision happens in the next reservation period. For instance, as shown in Figure 5, a UE can use the PSCCH/PSSCH resources for a TB with SL HARQ-ACK feedback enabled, but the UE can use the PSCCH/PSSCH resources in the next reservation period for another TB with SL HARQ-ACK feedback disabled. In this case, PSFCH TX/TX or TX/RX collision does not actually happen. 
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Figure 5: Example of the usage of periodic reserved resources.
In summary, the UE-A may not know whether PSFCH TX/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 whether PSFCH TX/TX or TX/RX collision really happens or how PSFCH TX/TX or TX/RX collision will be problematic. At least, it is necessary that UE-B recognizes whether the indicated resource conflict is due to PSFCH TX/TX or PSFCH TX/RX collisions. In this case, if the UE-B disables SL HARQ-ACK feedback in the next reservation period, the UE-B can ignore the resource conflict indication associated with the PSFCH collisions. 
Observation 3: UE-A may not know PSFCH TX/RX collision happens at UE-B side since the intended receiver of a TB transmitted by UE-B and/or SL HARQ-ACK feedback enabled/disabled can be changed across different periods of UE-B’s periodic reserved resources.
Observation 4: For PSFCH TX/TX collision at the intended receiver of a TB transmitted by UE-B, UE-A may not know whether a number of PSFCH TXs are dropped or not at the intended receiver side since the maximum number of simultaneous PSFCH transmissions is determined by UE capability. 
Observation 5: For PSFCH TX/RX collision, UE-A may not know whether UE-B prioritizes PSFCH TX or PSFCH RX especially when their SL priorities are the same. 
Proposal 6: If PSFCH TX/RX and/or TX/TX collisions are considered for inter-UE coordination information, it is necessary that UE-A further informs whether the indicated resource conflict is associated with PSFCH TX/TX or TX/RX collision.

2.3. Inter-UE coordination information generation
In Scheme 1, UE-A will generate the set preferred for UE-B’s transmission to avoid UE-A’s SL or UL transmission occasion(s) and/or high interference resources derived by the UE-A’s sensing results. On the other hand, UE-A will generate the set not preferred for UE-B’s transmission to include UE-A’s SL or UL transmission occasion(s) and/or high interference resources derived by the UE-A’s sensing results. Since UE-A may not know whether UE-B’s PSCCH/PSSCH transmission will target UE-A or not in the future, it can be considered that the UE-A further indicates when the UE-B can use the coordination information for its resource (re)selection procedure. For instance, if the resource set is preferred for UE-A’s reception, the UE-A can provide the indication of that this coordination information is for the case when the UE-A is the intended RX UE of the PSCCH/PSSCH transmission. Alternatively, it can be considered that the UE-A can provide information about the purpose of the coordination information or how to use the coordination information in UE-B’s resource (re)selection procedure(mitigating hidden-node problem or half-duplex problem). 
Proposal 7: For Scheme 1, UE-A indicates following cases for each set of resources:
· Preferred and/or non-preferred resources are determined to avoid collision with high interference resources
· Preferred and/or non-preferred resources are determined to avoid half-duplex problem at UE-B side
In Scheme 1, the UE-A may not need to retransmit the coordination information unless the factors used for the coordination information are changed. Considering processing time budget and signaling flooding, it can be considered to focus on long-term scaling variations. For instance, in case of SL transmissions, when the resource reselection counter expires or when the UE-A triggers resource reselection procedure, the UE-A can trigger or transmit the inter-UE coordination information to UE-B in Scheme 1. In case of UL transmissions, if periodic or semi-persistent CSI reporting configuration is reconfigured, or if configured grant for PUSCH is reconfigured, or if PUCCH resource for SPS PDSCH is reconfigured, the UE-A can trigger or transmit the inter-UE coordination information to UE-B in Scheme 1. Meanwhile, if active UL BWP of the UE-A is changed, these periodic UL transmission information could be changed. If active DL BWP of the UE-A is changed, periodic or semi-persistent CSI reporting and PUCCH resource for SPS PDSCH could be changed as well. 
In case of RSU-based inter-UE coordination, the 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. 
Another approach is that UE-B sends request, and the UE-A transmits the inter-UE coordination information upon the received request. In case of resource reselection, UE-A can generate and send the coordination information when the UE-A recognizes that UE-B’s resource(s) are overlapping with another SL transmission or are not suitable for UE-A’s reception. 
Proposal 8: For Scheme 1, UE-A (re)sends the coordination information with one or more of following conditions: 
· if UE-A triggers resource (re)selection procedure due to expiration of resource reselection counter, or
· if UE-A’s configured resources for UL are changed, or
· e.g. UL CG or periodic/SP CSI reporting or PUCCH for SPS PDSCH is (re)configured, or
· e.g. active DL or UL BWP is changed
· if a certain period time is passed after the UE-A previously transmits the semi-static inter-UE coordination information, or
· if higher layer at the UE-A side determines to transmit the inter-UE coordination information, or
· if the UE-A receives request for the coordination information from UE-B, or
· if UE-A recognizes that the resources indicated by UE-B’s SCI are overlapping with another SL transmission

In Scheme 1, UE-A may not know which TX resource pool will be used for UE-B’s transmission. Moreover, it is not always guaranteed that the same resource pool ID implies the same set of SL slots belonging to the resource pool. In other words, sharing resource pool ID would not be sufficient to make the same understanding on the resource pool between UE-A and UE-B. Alternatively, when the UE-B provides whole information of the TX resource pool to be used, the overhead for the request signaling could be too large. Moreover, depending on the factors for inter-UE coordination information, UE-A could transmit the coordination information redundantly to each UE-B with different TX resource pools. Alternatively, it can be considered that the resource set in the coordination information is independent on the resource pool. Instead, the resource set could be expressed in the form of resources that can be used for sidelink transmission. In this case, when UE-B receives this resource set, the UE-B can ignore resources outside its TX resource pool. 
Observation 6: It is necessary to investigate the domain of the resource set for preferred or non-preferred for UE-B’s transmission 
· e.g. TX resource pool to be used for UE-B’s resource (re)selection based on the coordination information, or
· e.g. physical resource domain, or
· e.g. the set of resources that can be used for sidelink 

In Scheme 2, UE-A will generate the existence of the resource conflict on the resources indicated by UE-B’s SCI based on UE-A’s SL or UL transmission occasion(s) and/or the location of other UEs’ reserved resources derived by UE-A’s sensing result. To be specific, to determine half-duplex problem between UE-B and UE-A, the UE-A can check whether the resources indicated by UE-B’s SCI are overlapping with UE-A’s SL or UL transmission occasion(s) or LTE SL transmission/reception occasion. To determine half-duplex problem between UE-B and UE-B’s RX UE other than UE-A, the UE-A will check whether there are another SL transmission targeting UE-B on the resource occasions indicated by UE-B’s SCI. For instance, when UE-B’s transmission is groupcast, UE-A can check whether the resources indicated by UE-B’s SCI are overlapping with another groupcast PSSCH with the same destination ID or unicast PSSCH of which destination ID is the same as the source ID of the UE-B’s transmission if available. 
Meanwhile, after UE-A receives SCI(s), it is not always guaranteed that the next resources reserved by these SCI(s) will use the same setting of source ID, destination ID, and cast type. In other words, unlike resource collision problem, half-duplex problem in the next reservation period could be no longer problem especially when UE-B uses the resources in the next reservation period for a PSCCH/PSSCH with different set of source ID and/or destination ID. 
In summary, for a given periodic reserved resources indicated by UE-B, following cases needs to be considered for determining the existence of the half-duplex problem:
· Case 1: Resources reserved by a SCI are used for PSCCH/PSSCH with the source ID and/or destination ID included in the SCI.
· Case 2: Resources reserved by a SCI are used for PSCCH/PSSCH with the source ID and/or destination ID not included in the SCI.
Since UE-A may not know how UE-B will use its next reserved resources and UE-B may not know which UE transmits the coordination information, it can be considered that UE-A indicates UE-A’s assumption to determine the existence of the potential resource conflict on the resources indicated by UE-B’s SCI. In this case, UE-B can decide whether or how to use the received coordination information depending on how the UE-B will use its next reserved resources. 
Proposal 9: For Scheme 2, UE-A indicates following status separately:
· Resource collision is predicted on the resource(s) indicated by UE-B’s SCI
· Half-duplex problem is predicted on the resource(s) indicated by UE-B’s SCI
UE-A assumes that the UE-B will use the same set of source ID/destination ID/HARQ-ACK feedback option for the reserved resource(s) to determine the resource conflict To determine half-duplex problem, the UE-A needs to successfully decode all the 1st and 2nd SCI and TBs associated with the resource conflict. In this case, the UE-A can decide whether the UE-A sends the resource conflict indication based on the L2-source IDs and L2-destination IDs. 
For the resource collision, the UE-A needs to transmit the resource conflict indication only if the overlapping PSSCH transmissions are really problematic at the RX UE side. In this case, it can be considered that the UE-A measures RSRP based on the DMRS of the overlapping PSSCHs and compares the RSRP values to decide whether the potential resource collision needs to be informed to the UE-B or not. For instance, if PSSCH#1 and PSSCH#2 are overlapping each other, and if their RSRP measurements at the UE-A side are comparable, it would be expected that the overlapping PSSCHs suffer from high interference each other. Meanwhile, if the portion of the overlapping resources is small, the RX UE may successfully decode the TB. In this case, the UE-A may not need to transmit the resource conflict indication to the UE-B. Considering pre-emption mechanism, it can be considered that UE-A only indicates pre-emption occurrence at UE-B side. 
When we consider distance-based operation (i.e. groupcast PSSCH scheduled by a SCI format 2-B), distance between UE-A and UE-B or distance between UEs associated with the resource conflict could be used for the condition of sending coordination information. For instance, the UE-A is selected among UEs of which location is within the communication range requirement from each UE associated with the resource conflict. It will reduce the number of UEs transmitting the coordination information for the same resource conflict. For the distance between UEs associated with the resource conflict, when one of the UEs is located outside the communication range requirement from another UE associated with the resource conflict, the UE-A does not need to transmit resource conflict indication as shown in Figure 6. The UE-A could estimate the distance between UEs based on the Zone ID in the received SCI format 2-B from these UEs. According to evaluation results in [3], resource conflict indication outperforms over Rel-16 mode 2 RA especially for the short distance between TX UE and RX UE. In this point of view, in Scheme 2, it can be considered that the UE-A can send the coordination information if the indicated communication range requirement(s) associated with the resource conflict are small enough. 
[image: ]
Figure 6: Exmaple of Scheme 2 for PSCCH/PSSCH with distance-based operation.

Proposal 10: For Scheme 2, when UE-A observes resource conflict, the UE-A can send coordination information with further checking following conditions: 
· When UE-A successfully decodes TBs in PSSCHs associated with resource conflict due to half-duplex problem (i.e., after obtaining L2-Source IDs and L2-Destination IDs), or 
· When RSRP measurement(s) associated with resource collision are larger than a (pre)configured threshold at UE-A side, or
· When the difference of RSRP measurements associated with resource collision is smaller than a (pre)configured threshold at UE-A side, or
· When UE-A observes that the pre-emption conditions are met at UE-B side, or
· Priority value of UE-B’s transmission is larger than priority value of pre-empting transmission
· Priority value of pre-empting transmission is smaller than (pre)configured threshold
· When the portion of RBs/sub-channels shared by different PSSCHs is larger than a (pre)configured threshold at UE-A side, or
· For the case when “TX-RX distance-based HARQ feedback” is enabled, 
· When each distance between UE-A and UE-B associated with the resource conflict is smaller than each targeted communication range requirement, or
· When at least one of UE-Bs associated with resource conflict is located within a targeted communication range requirement of another UE-B, or 
· When the communication range requirement(s) indicated by the received SCI(s) are smaller than a (pre)configured threshold

2.4. Inter-UE coordination information transmission
For Scheme 1, the candidates for the container are new 2nd SCI format, and PSSCH (MAC CE or PC5-RRC signaling). In this case, the UE-A may need to perform resource (re)selection procedure at least for the transmission of the inter-UE coordination information. If the UE-A already has selected resources for its own transmission, the UE may use them for transmitting the coordination information. 
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 check the validity of 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, and the effective payload size for the inter-UE coordination information would be further reduced. 
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 without SL-SCH 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 known after decoding MAC PDU. 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. Considering UE complexity, it would be necessary to keep the total number of SCI format sizes. In other words, if the new 2nd SCI format is introduced for the inter-UE coordination information, its size needs to be matched with other existing SCI formats. For instance, the size of the 2nd SCI format could be the same as that of SCI format 2-B. In this case, when this SCI format schedules a TB on PSSCH transmission, the payload size of the inter-UE coordination information would be roughly 16 bits. 
Observation 7: When the inter-UE coordination information in Scheme 1 is conveyed on the 2nd SCI format, the mother code rate of the polar coding used for the 2nd SCI encoding could be extremely larger than those of the existing 2nd SCI formats in Rel-16. 
Another approach is the inter-UE coordination information in Scheme 1 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 for the 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 might cause large signaling overhead. 
Observation 8: When the inter-UE coordination information in Scheme 1 is conveyed on MAC CE, its payload size could be larger than that of the case of using 2nd SCI format at the expense of the processing time (e.g. roughly 6 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 coordination information could be few tens or hundreds msec. Moreover, to use PC5-RRC signaling, the coordination information can be transmitted on a single or multiple 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). 
Observation 9: When the inter-UE coordination information in Scheme 1 is conveyed on PC5-RRC signaling, the processing time could be excessively larger (e.g. few tens or 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. 
Meanwhile, it is necessary to investigate how to set the parameters of PSCCH/PSSCH transmission for inter-UE coordination information. For instance, destination ID of the coordination information signaling could be (pre)configured for predefined so that only UE-B tries to decode PSCCH/PSSCH to get the inter-UE coordination information. Next, source ID of the coordination information can be determined by UE-A based on the set of IDs that UE-A want to receive. To be specific, when target UE-B’s transmission is unicast, UE-A’s source ID determined by PC5-RRC signaling will be reused for the source ID of the coordination information. When target UE-B’s transmission is groupcast or broadcast, destination IDs that UE-A tries to detect can be used for the source ID of the coordination information. In this case, after UE-B receives the coordination information from UE-A, UE-B will use it for its resource (re)selection only if the destination ID used for UE-B’s transmission is matched with the source ID of the coordination information. In this case, it is possible that more than one UE-B having the same groupcast destination ID can use the coordination information from UE-A commonly. Alternatively, all the parameters of PSCCH/PSSCH for the coordination information signaling could be (pre)configured, and each coordination information could include target destination ID(s) to use it for a resource (re)selection. 
Proposal 11: For the container of Scheme 1 coordination information, support 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.
· Destination ID, cast type, SL HARQ-ACK enabled/disabled, and priority value of the coordination information are (pre)configured
· Source ID is set to the destination ID to be used for UE-B’s transmission

For Scheme 2, it can be considered to reuse a PSFCH format for indicating the existence of resource conflict on the resources indicated by UE-B’s SCI. In the perspective of UE-B, it would be beneficial to distinguish SL HARQ-ACK feedback and the coordination information in Scheme 2. To be specific, when the UE-B receives ACK from the RX UE, the UE-B will not perform retransmission or resource (re)selection for the same TB even though the UE-B receives the coordination information in Scheme 2. 
When the coordination information is transmitted on slot n, UE-A can only considers factors that can cause resource conflict before the slot n-T_proc,0. In this case, if the time gap between the coordination information signaling occasion and the resources with resource conflict is large, the benefit of using Scheme 2 would be limited. To be specific, if the PSFCH determination rule for SL HARQ-ACK feedback is directly reused for Scheme 2, UE-A may not use scheduled UL resources of UE-A and/or SCI or another coordination information received after the coordination information transmission occasion as shown in Figure 7. Even for SCI reception, it is not always guaranteed that the UE transmitting later SCI (green color) is capable of receiving the coordination information. Considering that the resource reservation period could be few hundreds of msec, this approach will not fully cover resource conflicts caused by aperiodic UL or SL transmission(s). 
[image: ]
Figure 7: Example of timeline of the inter-UE coordination in Scheme 2.
To mitigate this inefficiency, it can be considered that the coordination information for a resource indicated by UE-B’s SCI is located near the resource itself rather than the location of the SCI providing the information about the reserved resource. Considering specification work load, it can be considered to reuse the PSFCH resource determination rule for SL HARQ-ACK feedback except that the applying order in time domain is reverse, and the minimum time gap between PSFCH-to-PSSCH can be large. To be specific, for a given resource with potential resource conflict, its associated PSFCH resource for the coordination information will be located in the most recent PSFCH occasion K slots before the resource with potential resource conflict as shown in Figure 8. Considering processing time for re-evaluation/pre-emption checking, the minimum time gap between the coordination information transmission occasion and the resource with potential/expected resource conflict will be T_3 or T_proc,1. In this approach, the UE-A can use all the resource conflict factor such as SCI or UL grant or another coordination information known to the UE-A T_proc,0+T_proc,1 slots before the resource with potential/expected resource conflict as shown in Figure 8. 
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Figure 8: Example of timeline of the inter-UE coordination in Scheme 2.
As mentioned in previous section, since UE-A may not know how UE-B will use its next reserved resources, UE-A needs to indicates UE-A’s assumption to determine the existence of the potential resource conflict on the resources indicated by UE-B’s SCI. In this case, depending on UE-A’s assumption, different PSFCH resource and/or different PSFCH state could be used for the inter-UE coordination information in Scheme 2. 
Proposal 12: For the container of coordination information in Scheme 2, support PSFCH format.
· PSFCH resource set is separately configured for PSFCH resource set for SL HARQ-ACK feedback
· PSFCH timing is derived from the resources with potential/expected resource conflict
· Apply implicit PSFCH resource determination rule with time-reverse order
· Minimum PSFCH-to-PSSCH timing K is replaced with the processing time budget T_3
· Different PSFCH resource and/or PSFCH state (i.e. m_CS) are used to indicate the type of resource conflict (e.g. half-duplex or resource collision problem) 

2.5. Usage of Inter-UE coordination information for resource (re)selection
In Scheme 1, 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 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 destination ID to be used for UE-B’s transmission is not the same as the target destination ID of the coordination information, the information would be invalid. For instance, if the inter-UE coordination information is resource set which is preferred or not 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 for UE-B’s resource (re)selection procedure. 
Considering the accuracy of the inter-UE coordination information in Scheme 1, 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(s) of the inter-UE coordination information, the UE-B could use the information based on the cast type of its own transmission. 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 13: In Scheme 1, 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
· E.g. the information is for a PSCCH/PSSCH to be transmitted by UE-B, or
· E.g. Destination ID of a PSCCH/PSSCH to be transmitted by UE-B is matched with target destination ID of the information, or
· E.g. Parameter setting (e.g. priority, SL HARQ-ACK feedback Option, cast type, MCS) of a PSCCH/PSSCH to be transmitted by UE-B is matched with target parameter setting of the information
· 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.

Depending on the coordination information types (e.g. Type A or Type B), when the UE-B receives the inter-UE coordination information in Scheme 1, the UE-B may or may not use resources inside 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 consider 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. 
Observation 10: When UE-B transmits PSCCH/PSSCH on resources preferred for UE-A’s reception even though the UE-B determines these resources are reserved by other UE(s), it can cause high interference to other UE(s). 
When the UE-A determines the contents of “A set of resources” to include these problematic resources for UE-B’s transmission, 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. 
UE-B will perform resource (re)selection procedure based on the received SCI at UE-B side. When the UE-B decide to take the inter-UE coordination information into account 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. In our perspective, it is separate issue whether or how to handle the excessive number of RSRP threshold boosting when the UE-B use both its sensing results and the received coordination information for its resource selection procedure. 
In RAN1#105-e meeting, it was discussed that the possibility that UE-B’s sensing results is not available and the possibility that the UE-B use the coordination information for its resource (re)selection procedure in Scheme 1. For further discussion, it would be necessary to clarify first the exact meaning of the case when UE-B’s sensing results is unavailable. It can simply imply that the UE-B has no RX capability. However, in this case, the UE-B cannot receive the coordination information from another UE as well. Alternatively, it can be considered that the UE with RX capability is configured with random resource selection procedure. However, it is not yet agreed to support random resource selection for the UE with RX capability in the normal resource pool. In our understanding, it is necessary to decide first whether or not to support this feature. Another approach would be the case when a UE does not monitor PSCCH or SCI in any SL slots within a sensing window due to half-duplex restriction or SL-DRX. In our view, this situation is a corner case. Lastly, UE does not perform sensing operation while SL reception is still performed at least to receive the inter-UE coordination information. However, considering that the RF-related operation is dominant factor for UE power consumption, it is unclear the benefit of skipping only sensing operation. To be specific, in case of SL reception, UE will turn on RF circuit, baseband circuit and will perform 1st SCI/2nd SCI/PSSCH decoding, and PSSCH buffering. On the other hand, in case of sensing, the UE will turn on RF circuit, baseband circuit and will perform 1st SCI decoding, PSSCH buffering for PSSCH DMRS reception, RSRP measurement based on PSCCH DMRS or PSSCH DMRS, storing sensing results including resource location, priority, RSRP measurement. In our view, power saving gain of skipping only sensing operation would be marginal. 
Observation 11: Considering RF-related operation is dominant factor for UE power consumption, power saving gain of skipping sensing operation while SL reception is still operated is unclear.
Observation 12: It is necessary to further clarify when UE-B has “no available” sensing results.

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 of a TB transmitted by 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 14: For Scheme 1, when UE-B receives the inter-UE coordination information from UE-A, UE-B performs following procedure
· UE-B’s resource(s) to be used for its transmission resource (re)-selection is based on both UE-B’s sensing result (if available) and the received coordination information 
· For preferred resource set:
· 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 preferred resource set provided by the information. 
· When the selected resources of UE-B based on its own sensing results is overlapping with the resources outside the preferred resources provided by the information, the UE-B can report this overlapping resource to reselect the corresponding resource.
· For non-preferred resource set:
· UE-B finally selects the resources within the candidate resource set identified based on UE-B’s sensing results as in Rel-16 Mode-2 after excluding the non-preferred resource set provided by the information. 
· When the selected resources of UE-B based on its own sensing results is overlapping with the non-preferred resources provided by the information, the UE-B can report this overlapping resource to reselect the corresponding resource. 

In Rel-16 resource (re)selection procedure, when the ratio of the candidate resources over 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 over a resource selection window can be smaller than X%. 
Proposal 15: For UE-B’s resource (re)selection procedure, 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).

On the other hand, if the final ratio of the candidate resource is too small after applying the coordination information, 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 skip all or a subset of resources provided by the inter-UE coordination information Considering that the RSRP threshold boosting implies that there is not sufficient candidate resources, the UE can skip the received inter-UE coordination information for this case. 
After physical layer reports the set of candidate resources (denoted by S_A) to higher layer, the higher layer randomly selects transmission resources so that the HARQ RTT restriction is fulfilled between any two transmissions for a TB when PSFCH resources are (pre)configured in the resource pool. In this case, it would be useful to report the set of candidate resources ensuring that the higher layers can select resources with HARQ RTT restriction. In this case, one simply way is to check the time duration between the earliest candidate resource and the latest candidate resource. Another approach would be that the higher layers decide whether or not to use the coordination information after resource selection and request reselection of the candidate resources to physical layer. However, it will cause excessive latency due to cross layer communication. 
Proposal 16: For Scheme 1, UE-B skips the inter-UE coordination information from UE-A for one of more of following conditions:
· RSRP threshold is boosted up based on UE-B’s sensing results as in Rel-16 Mode 2, or
· The ratio of candidate resources within UE-B’s resource selection window after applying the coordination information is not higher than a certain threshold, or
· The time duration between the earliest candidate resource and the latest candidate resource is smaller than a certain duration


For Scheme 2, the UE-B can receives the information about the existence of resource conflict on the resources indicated by UE-B’s SCI. The UE-B could reserve retransmission resources of a TB by using a SCI of the initial transmission of the same TB, and the UE-B could also reserve initial transmission resource and/or retransmission resources for the different TB(s). In case of retransmission resources, the UE-B may or may not use them depending on the received SL HARQ-ACK feedback. To be specific, when the UE-B receives ACK for a TB, the UE-B will not use remaining reserved resources for the same TB. In this case, the UE-B does not need to perform resource reselection for these retransmission resources. 
As mentioned in earlier section, UE-B can decide how to use the periodically reserved resources. To be specific, for each period, UE-B can change the setting of source ID, destination ID, cast type, and whether SL HARQ-ACK feedback is enabled or disabled. In this case, when UE-A generates the inter-UE coordination information with an assumption that the UE-B will transmit PSCCH/PSSCH targeting UE-A, the UE-B can use this coordination information only if the PSCCH/PSSCH to be transmitted by the UE-B will target the UE-A. Another example is that when UE-A determines half-duplex problem based on the SCIs received by UE-B and another UE, the UE-B can ignore the coordination information from the UE-A if the UE-B changes the setting of the source ID and/or destination ID for the PSCCH/PSSCH on the resource associated with the coordination information. 
Proposal 17: In Scheme 2, for the condition of using the inter-UE coordination information at UE-B side, one or more of followings is supported:
· When receiving the valid inter-UE coordination information with satisfying following condition
· E.g. For resource conflict indication due to half-duplex problem, the parameters (e.g. source ID, destination ID, SL HARQ-ACK feedback Option) of a PSCCH/PSSCH to be transmitted by UE-B is not changed

When UE-B receives the coordination information in Scheme 2, the UE-B can report its own reserved resources associated with the resource conflict to higher layer for resource reselection. In case of half-duplex problem, the UE-B can assume that all the frequency resources in a slot associated with the resource conflict is non-preferred resources for UE-B’s transmission. In case of resource collision, the UE-B can assume that the reserved time-and-frequency PSSCH resources with resource conflict is non-preferred resources for UE-B’s transmission. Alternatively, it can be considered that the resource conflict indication can indicate which part of reserved resources is problematic, and the UE-B can consider it for its resource resection. 

Proposal 18: For Scheme 2, when UE-B receives the inter-UE coordination information from UE-A, UE-B performs following procedure
· UE-B can determine resource(s) to be re-selected based on the received coordination information 
· When the type of resource conflict is resource collision, UE-B assumes that its reserved time-and-frequency PSSCH resources associated with resource conflict is non-preferred resources for UE-B’s transmission
· When the type of resource conflict is half-duplex problem,  UE-B assumes that all the frequency resources in a slot associated with the resource conflict is non-preferred resources for UE-B’s transmission

2.6. Evaluation results
In this contribution, we provide evaluation results for Scheme 1. To be specific, in urban scenario, RSU for inter-UE coordination is deployed in the center of each intersection as shown in Figure 2. Therefore, there is no initial setup between UE-A and UE-B. Moreover, in this case, the inter-UE coordination scheme does not need to be transmitted frequently, the latency and signaling overhead for transmitting and processing inter-UE coordination information are not major factors to determine Mode 2 RA performance. It is assumed that there are two UE groups depending on the direction of the intersection. Note that due to the building blockage, UEs in different UE group would not recognize each other. In other words, hidden-node problem will occur between different UE groups if there is no inter-UE coordination. For simplicity, it is considered that the RSU of each intersection provide different sets of preferred resources across different UE groups. Furthermore, it is assumed that adjacent RSUs will provide different sets of preferred resources for the same street. In this case, UEs along with the same street could use different resources for its own transmission, and it will alleviate the hidden-node problem due to vehicle blockage or large pathloss. 
Observation 13: For Scheme 1, when RSU provides the set of resources to UE-B in advance of UE-B’s transmission, latency and signaling overhead for transmitting and processing inter-UE coordination information are negligible. 
Next, the UE-B will perform sensing and resource (re)selection procedure for the resource set provided for the UE group of the UE-B. Remaining detailed evaluation assumption can be found in the appendix. In reference system, each UE will perform resource (re)selection procedure for the all the SL resources without help of the RSU. 
As shown in Figure 9, the RSU-based inter-UE coordination could achieve 4.96% gain of PRR compared to the reference system in urban scenario for periodic broadcast traffic at 150m. The gain in terms of coverage extension at PRR=0.95 is 10m. This gain could be achievable by mitigating the hidden-node problem due to building blockage, vehicle blockage, or other SCI reception failure. 
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Figure 9: Average PRR gain vs distance for the Scheme 1 with RSU-type UE-A.
Observation 14: Where RSU provides the set of resources to UE-B in advance of UE-B’s transmission, 4.96% PRR gain at 150m and coverage extension of 10m at PRR=0.95 are observed in urban scenario for periodic broadcast traffic.

3. [bookmark: _GoBack]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: It would be beneficial in terms of the required payload size to use both preferred resource set and non-preferred resource set simultaneously.
Observation 2: NACK transmission of UE-A on behalf of RX UE due to the detected resource conflict can cause that UE-B selects RV value associated with non-self-decodable PSSCH. It will results excessive number of retransmissions. 
Observation 3: UE-A may not know PSFCH TX/RX collision happens at UE-B side since the intended receiver of a TB transmitted by UE-B and/or SL HARQ-ACK feedback enabled/disabled can be changed across different periods of UE-B’s periodic reserved resources.
Observation 4: For PSFCH TX/TX collision at the intended receiver of a TB transmitted by UE-B, UE-A may not know whether a number of PSFCH TXs are dropped or not at the intended receiver side since the maximum number of simultaneous PSFCH transmissions is determined by UE capability. 
Observation 5: For PSFCH TX/RX collision, UE-A may not know whether UE-B prioritizes PSFCH TX or PSFCH RX especially when their SL priorities are the same. 
Observation 6: It is necessary to investigate the domain of the resource set for preferred or non-preferred for UE-B’s transmission 
· e.g. TX resource pool to be used for UE-B’s resource (re)selection based on the coordination information, or
· e.g. physical resource domain, or
· e.g. the set of resources that can be used for sidelink 
Observation 7: When the inter-UE coordination information in Scheme 1 is conveyed on the 2nd SCI format, the mother code rate of the polar coding used for the 2nd SCI encoding could be extremely larger than those of the existing 2nd SCI formats in Rel-16. 
Observation 8: When the inter-UE coordination information in Scheme 1 is conveyed on MAC CE, its payload size could be larger than that of the case of using 2nd SCI format at the expense of the processing time (e.g. roughly 6 mesc). 
Observation 9: When the inter-UE coordination information in Scheme 1 is conveyed on PC5-RRC signaling, the processing time could be excessively larger (e.g. few tens or 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 10: When UE-B transmits PSCCH/PSSCH on resources preferred for UE-A’s reception even though the UE-B determines these resources are reserved by other UE(s), it can cause high interference to other UE(s). 
Observation 11: Considering RF-related operation is dominant factor for UE power consumption, power saving gain of skipping sensing operation while SL reception is still operated is unclear.
Observation 12: It is necessary to further clarify when UE-B has “no available” sensing results.
Observation 13: For Scheme 1, when RSU provides the set of resources to UE-B in advance of UE-B’s transmission, latency and signaling overhead for transmitting and processing inter-UE coordination information are negligible. 
Observation 14: Where RSU provides the set of resources to UE-B in advance of UE-B’s transmission, 4.96% PRR gain at 150m and coverage extension of 10m at PRR=0.95 are observed in urban scenario for periodic broadcast traffic.

Proposal 1: For Scheme 1, support both the preferred resource set and the non-preferred resource set for UE-B’s transmission.
Proposal 2: For Scheme 2, support at least indication of the potential resource conflict on the resources indicated by UE-B’s SCI.
Proposal 3: One or more of following cases are supported for determining UE-A (sending to UE-B(s) the inter-UE coordination information) and UE-B (receiving and using the inter-UE coordination information from UE-A(s)):
· Option 1: Only UE(s) among the intended receiver(s) of UE-B can be a UE-A
· The intended receiver(s) is the destination UE(s) of a TB transmitted by UE-B 
· At least for unicast, UE-A and UE-B are PC5-RRC connected
· For groupcast/broadcast, UE-A and UE-B share the same destination ID(s) 
· When UE(s) are provided by higher layer to be UE-A and/or UE-B 
· Option 2: Any UE can be a UE-A
· UE-A and UE-B are PC5-RRC connected
· UE(s) are provided by higher layer to be UE-A and/or UE-B
Proposal 4: For Scheme 1, the set of resources preferred or non-preferred for UE-B’s transmission will be determined based on one or more of followings with subject to processing time budget:
· UE-A’s NR SL resources selected for its transmission(s) of TB(s)
· UE-A’s configured resources for UL
· LTE SL transmission and/or reception of UE-A
· Other UEs’ reserved resources based on UE-A’s sensing result 
· The corresponding RSRP measurement at UE-A side is within a certain range
· Coordination information (e.g., non-preferred resource set) received from other UEs
Note: The coordination information transmitted in slot n is generated based on the above factor(s) known to UE-A before slot n-(T_proc,0+T_proc,1).
Proposal 5: For Scheme 2, the existence of resource conflict on the resources indicated by UE-B’s SCI will be determined based on one or more of followings with subject to processing time budget:
· UE-A’s NR SL resources selected for its transmission(s) of TB(s)
· UE-A’s scheduled/configured resources for UL
· LTE SL transmission and/or reception of UE-A
· Other UEs’ reserved resources based on UE-A’s sensing result 
· Coordination information (e.g., non-preferred resource set) received from other UEs
· SL resources provided by UE-B’s SCI
Note: The coordination information transmitted in slot n is generated based on the above factor(s) known to UE-A before slot n-T_proc,0.
Proposal 6: If PSFCH TX/RX and/or TX/TX collisions are considered for inter-UE coordination information, it is necessary that UE-A further informs whether the indicated resource conflict is associated with PSFCH TX/TX or TX/RX collision.
Proposal 7: For Scheme 1, UE-A indicates following cases for each set of resources:
· Preferred and/or non-preferred resources are determined to avoid collision with high interference resources
· Preferred and/or non-preferred resources are determined to avoid half-duplex problem at UE-B side
Proposal 8: For Scheme 1, UE-A (re)sends the coordination information with one or more of following conditions: 
· if UE-A triggers resource (re)selection procedure due to expiration of resource reselection counter, or
· if UE-A’s configured resources for UL are changed, or
· e.g. UL CG or periodic/SP CSI reporting or PUCCH for SPS PDSCH is (re)configured, or
· e.g. active DL or UL BWP is changed
· if a certain period time is passed after the UE-A previously transmits the semi-static inter-UE coordination information, or
· if higher layer at the UE-A side determines to transmit the inter-UE coordination information, or
· if the UE-A receives request for the coordination information from UE-B, or
· if UE-A recognizes that the resources indicated by UE-B’s SCI are overlapping with another SL transmission
Proposal 9: For Scheme 2, UE-A indicates following status separately:
· Resource collision is predicted on the resource(s) indicated by UE-B’s SCI
· Half-duplex problem is predicted on the resource(s) indicated by UE-B’s SCI
UE-A assumes that the UE-B will use the same set of source ID/destination ID/HARQ-ACK feedback option for the reserved resource(s) to determine the resource conflict Proposal 10: For Scheme 2, when UE-A observes resource conflict, the UE-A can send coordination information with further checking following conditions: 
· When UE-A successfully decodes TBs in PSSCHs associated with resource conflict due to half-duplex problem (i.e., after obtaining L2-Source IDs and L2-Destination IDs), or 
· When RSRP measurement(s) associated with resource collision are larger than a (pre)configured threshold at UE-A side, or
· When the difference of RSRP measurements associated with resource collision is smaller than a (pre)configured threshold at UE-A side, or
· When the portion of RBs/sub-channels shared by different PSSCHs is larger than a (pre)configured threshold at UE-A side, or
· When UE-A observes that the pre-emption conditions are met at UE-B side, or
· Priority value of UE-B’s transmission is larger than priority value of pre-empting transmission
· Priority value of pre-empting transmission is smaller than (pre)configured threshold
· For the case when “TX-RX distance-based HARQ feedback” is enabled, 
· When each distance between UE-A and UE-B associated with the resource conflict is smaller than each targeted communication range requirement, or
· When at least one of UE-Bs associated with resource conflict is located within a targeted communication range requirement of another UE-B, or 
· When the communication range requirement(s) indicated by the received SCI(s) are smaller than a (pre)configured threshold
Proposal 11: For the container of Scheme 1 coordination information, support 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.
· Destination ID, cast type, SL HARQ-ACK enabled/disabled, and priority value of the coordination information are (pre)configured
· Source ID is set to the destination ID to be used for UE-B’s transmission
Proposal 12: For the container of coordination information in Scheme 2, support PSFCH format.
· PSFCH resource set is separately configured for PSFCH resource set for SL HARQ-ACK feedback
· PSFCH timing is derived from the resources with potential/expected resource conflict
· Apply implicit PSFCH resource determination rule with time-reverse order
· Minimum PSFCH-to-PSSCH timing K is replaced with the processing time budget T_3
· Different PSFCH resource and/or PSFCH state (i.e. m_CS) are used to indicate the type of resource conflict (e.g. half-duplex or resource collision problem) 
Proposal 13: In Scheme 1, 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
· E.g. the information is for a PSCCH/PSSCH to be transmitted by UE-B, or
· E.g. Destination ID of a PSCCH/PSSCH to be transmitted by UE-B is matched with target destination ID of the information, or
· E.g. Parameter setting (e.g. priority, SL HARQ-ACK feedback Option, cast type, MCS) of a PSCCH/PSSCH to be transmitted by UE-B is matched with target parameter setting of the information
· 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 14: For Scheme 1, when UE-B receives the inter-UE coordination information from UE-A, UE-B performs following procedure
· UE-B’s resource(s) to be used for its transmission resource (re)-selection is based on both UE-B’s sensing result (if available) and the received coordination information 
· For preferred resource set:
· 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 preferred resource set provided by the information. 
· When the selected resources of UE-B based on its own sensing results is overlapping with the resources outside the preferred resources provided by the information, the UE-B can report this overlapping resource to reselect the corresponding resource.
· For non-preferred resource set:
· UE-B finally selects the resources within the candidate resource set identified based on UE-B’s sensing results as in Rel-16 Mode-2 after excluding the non-preferred resource set provided by the information. 
· When the selected resources of UE-B based on its own sensing results is overlapping with the non-preferred resources provided by the information, the UE-B can report this overlapping resource to reselect the corresponding resource. 
Proposal 15: For UE-B’s resource (re)selection procedure, 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).
Proposal 16: For scheme 1, UE-B skips the inter-UE coordination information from UE-A for one of more of following conditions:
· RSRP threshold is boosted up based on UE-B’s sensing results as in Rel-16 Mode 2, or
· The ratio of candidate resources within UE-B’s resource selection window after applying the coordination information is not higher than a certain threshold, or
· The time duration between the earliest candidate resource and the latest candidate resource is smaller than a certain duration
Proposal 17: In Scheme 2, for the condition of using the inter-UE coordination information at UE-B side, one or more of followings is supported:
· When receiving the valid inter-UE coordination information with satisfying following condition
· E.g. For resource conflict indication due to half-duplex problem, the parameters (e.g. source ID, destination ID, SL HARQ-ACK feedback Option) of a PSCCH/PSSCH to be transmitted by UE-B is not changed
Proposal 18: For Scheme 2, when UE-B receives the inter-UE coordination information from UE-A, UE-B performs following procedure
· UE-B can determine resource(s) to be re-selected based on the received coordination information
· When the type of resource conflict is resource collision, UE-B assumes that its reserved time-and-frequency PSSCH resources associated with resource conflict is non-preferred resources for UE-B’s transmission
· When the type of resource conflict is half-duplex problem, UE-B assumes that all the frequency resources in a slot associated with the resource conflict is non-preferred resources for UE-B’s transmission
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Appendix
Details on system-level simulation assumptions are summarized in Table 1. 
Table 1: System-level simulation assumption.
	Parameters
	Values

	Cast type
	Broadcast

	Sidelink Frequency
	6GHz 

	Traffic models
	Periodic traffic: Medium Intensity 

	Simulation Environment
	Urban Option A (60kmph)

	Number of Tx/Rx Antenna elements
	1Tx/2Rx 

	Antenna Models
	Option 1 

	SL Simulation BW
	40MHz 

	SCS
	30 kHz

	Pathloss, shadowing, blocking and dual mobility models
	Enabled (as per TR 37.885) 
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