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1. Introduction
At the RAN1#106bis-e meeting [1], there were discussions on resource allocation for reliability/latency improvements and several agreements were reached. In this contribution, we share our further views to conclude resource allocation enhancement for better reliability and latency.

2. Discussions
2.1. Inter-UE coordination - scheme 1
2.1.1. Combination of preferred/non-preferred and request-based/event-based
	Agreement
· In scheme 1, the following is supported for UE(s) to be UE-A(s)/UE-B(s) in the inter-UE coordination information transmission triggered by an explicit request in Mode 2:
· A UE that sends an explicit request for inter-UE coordination information can be UE-B
· A UE that received an explicit request from UE-B and sends inter-UE coordination information to the UE-B can be UE-A
· Working assumption At least a destination UE of a TB transmitted by UE-B can be UE A
· The above feature can be enabled or disabled or controlled by (pre-)configuration
· FFS: Details on how to support this, including (pre-)configuration signaling granularity
· FFS: Additional details and conditions on UE-A and UE-B
· Working Assumption In scheme 1, the following is supported for UE(s) to be UE-A(s)/UE-B(s) in the inter-UE coordination information transmission triggered by a condition other than explicit request reception in Mode 2:
· A UE that satisfies the condition mentioned in the main bullet and sends inter-UE coordination information is UE-A
· A UE that received inter-UE coordination information from UE-A and uses it for resource (re-)selection is UE-B
· The above feature can be enabled or disabled or controlled by (pre-)configuration
· FFS: Details on how to support this, including (pre-)configuration signaling granularity
· FFS: Additional details and conditions on UE-A and UE-B


At the previous meeting, request-based scheme 1 and event-based scheme 1 (as working assumption) were agreed as above. Details of each way needs to be discussed. Note that at the last RAN plenary, restriction on combination of preferred/non-preferred and request-based/event-based was proposed but there was no consensus.
Request-based
Regarding request-based scheme 1, it is assumed in this case that UE-B would like to transmit a TB to UE-A. Under this assumption, when UE-B requests a resource set for own TX, a set of preferred resources for the transmission will be much more beneficial. There seems no motivation to share non-preferred resources.
On working assumption of “At least a destination UE of a TB transmitted by UE-B can be UE A”, we think a non-destination UE is invalid for request-based scheme 1. UE other than destination UE of a TB will not know channel quality at the destination UE. In addition, there is no motivation to become UE-A from perspective of UE other than destination UE, which means that any UE will not have capability to become UE-A to help other UEs’ transmissions.
Proposal 1:
· For request-based inter-UE coordination scheme 1, 
· UE-A transmits to UE-B a set of resources preferred for UE-B’s transmission
· Confirm working assumption with update as follows.
· At least a A destination UE of a TB transmitted by UE-B can be UE-A. Non-destination UE is precluded.

Event-based
Regarding event-based scheme 1, this is beneficial when some resources become different condition from available to unavailable e.g. due to half-duplex or other UE’s reservation. There seems no motivation to support event-based mechanism to transmit preferred resources.
Proposal 2:
· For event-based inter-UE coordination scheme 1, 
· Confirm working assumption with the following additional sub-bullet.
· UE-A transmits to UE-B a set of resources non-preferred for UE-B’s transmission.

2.1.2. Condition to transmit IUC-related message
In this section, condition to transmit IUC-related message is discussed, i.e. for explicit request and for preferred/non-preferred resources.
Explicit request
From the motivation of inter-UE coordination (IUC), obviously a request of IUC message should be transmitted when UE-B has data to be transmitted to UE-A. Then the request will be transmitted with the data. With this assumption, other specific rule for transmission of request would be unnecessary.
Proposal 3:
· For request-based inter-UE coordination scheme 1,
· An explicit request is transmitted with data other than the request. Other condition of the request transmission is up to UE implementation.

IUC message corresponding to an explicit request / IUC message without an explicit request
Regarding transmission of preferred/non-preferred resources, we believe that some restriction rule of IUC message transmission would be necessary. Without any restriction, a lot of transmissions of IUC message might occur. A lot of transmissions of IUC message will lead to increase of resource collisions, which is opposite direction of this agenda item. Total amount of transmissions in the resource pool should not be increased by IUC message transmissions especially in a channel-busy condition.
Proposal 4:
· UE-A can transmit IUC message only when either of the following conditions are met.
· UE-A has data other than the IUC message to UE-B. Data and IUC message are multiplexed on a PSSCH.
· CBR is lower than a threshold (pre-)configured per priority.

2.1.3. Determination of preferred/non-preferred resource set
	Working Assumption
For Scheme 1 with preferred resource set, support following condition:
· Condition 1-A-2:
· Resource(s) excluding slot(s) where UE-A, when it is intended receiver of UE-B, does not expect to perform SL reception from UE-B due to half duplex operation
· This can be disabled by RRC (pre-)configuration

Working Assumption
For Scheme 1 with non-preferred resource set, support following condition:
· Condition 1-B-2:
· Resource(s) (e.g., slot(s)) where UE-A, when it is intended receiver of UE-B, does not expect to perform SL reception from UE-B due to half duplex operation


At the last meeting, it was agreed as working assumption that half-duplex slot is excluded from preferred resources and is included in non-preferred resources. We believe that half-duplex is one of main issues that should be addressed in inter-UE coordination. Scheme 1 can solve this issue, thus the two working assumptions should be confirmed. 
Regarding detailed half-duplex situations, the following three should be included. More information on this part can be found in later section to discuss scheme 2.
· PSCCH/PSSCH TX vs PSCCH/PSSCH RX
· UL TX vs PSCCH/PSSCH RX
· PSFCH TX vs PSFCH RX
Proposal 5:
· Confirm working assumptions for condition 1-A-2 and 1-B-2.
· Following resources are the resources involved with half-duplex operation.
· Resources overlapped with UE-A’s PSCCH/PSSCH TX in time
· Resources overlapped with UE-A’s UL TX in time
· Resources corresponding to a PSFCH occasion where UE-A will receive PSFCH

2.1.4. Container of preferred/non-preferred resource set
After UE-A decides to transmit coordination message, UE-A needs to prepare the transmission. For this behavior, container of the coordination message needs to be discussed and concluded. In scheme 1, shared information is a set of preferred or non-preferred resources. That is, the payload will be at least several bits, or more for finer information. In this case, possible options would be the following.
· Option 1: SCI
· Option 2: MAC CE
· Option 3: RRC signaling
Among these options, our preference is Option 2, i.e. conveyed on MAC CE. Option 1 needs to enhance SCI-1 or SCI-2. Payload size of coordination message would not be so small. To add a lot of bits, at least SCI-1 would be impossible due to only 4 reserved bits at the maximum in Rel-16 SCI-1. Of course new SCI-1 format is not acceptable from perspective of backward compatibility. New SCI-2 format might be possible for scheme 1, but we do not prefer to consume for this purpose a valuable state of 2nd-stage SCI format field in the SCI-1. Also Option 3 can be taken, while our concern is latency perspective. Higher layer information leads to more delay. Coordination message is used in MAC layer, so Option 2 would be the most straightforward choice.
Observation 1:
· For inter-UE coordination scheme 1,
· Payload size of IUC message would not be so small, thereby MAC-CE seems better than SCI.
· Transmission via RRC signaling would lead to degradation of latency aspect.
Proposal 6:
· In inter-UE coordination scheme 1, MAC-CE conveys a set of preferred/non-preferred resources.

2.1.5. Information format of preferred/non-preferred resource set
When UE-A transmits preferred/non-preferred resource set, the information format is still FFS. In our view, the overhead should sufficiently be reduced, and Rel-16 mechanism should be reused if possible. Therefore, we suggest to use TRIV/FRIV/reservation period as in Rel-16. One issue might be retransmissions of the IUC message. TRIV value becomes incorrect in the retransmission. To solve this issue, one reference time is indicated with the Rel-16 resource indication format.
Proposal 7:
· For inter-UE coordination scheme 1, UE-A transmits a set of preferred/non-preferred resources as following format.
· N combinations of TRIV, FRIV, resource reservation period as specified in Rel-16 TS 38.214 Section 8.1.5, and first resource location of each TRIV.

2.1.6. UE-B’s behavior after receiving preferred/non-preferred resource set
	Agreement
In scheme 1, at least following UE-B’s behavior in its resource (re-)selection is supported when it receives inter-UE coordination information from UE-A:
· For preferred resource set, the following two options are supported:
· Option A): 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
· UE-B uses in its resource (re-)selection, resource(s) belonging to the preferred resource set in combination with its own sensing result
· UE-B uses in its resource (re-)selection, resource(s) not belonging to the preferred resource set when condition(s) are met
· FFS: Details of condition(s)
· This option is supported when UE-B performs sensing/resource exclusion
· FFS: Other details (if any) 
· Option B): UE-B’s resource(s) to be used for its transmission resource (re-)selection is based only on the received coordination information
· UE-B uses in its resource (re-)selection, resource(s) belonging to the preferred resource set
· This option is supported at least when UE-B does not support sensing/resource exclusion
· FFS: Whether the support is conditional or UE capability
· FFS: Other details (if any)
· FFS: Other option(s), and other details (if any)
· For non-preferred resource set, 
· 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 
· UE-B excludes in its resource (re-)selection, resource(s) overlapping with the non-preferred resource set
· FFS: Details including
· Whether/how UE-B can use in its resource (re-)selection, resource(s) overlapping with the non-preferred resource set, definition of the overlap, and other details (if any)
· When UE-B excludes in its resource (re-)selection, resource(s) overlapping with the non-preferred resource set
· FFS: UE-B reselects in its resource (re-)selection, resource(s) to be used for its transmission when the resource(s) are fully/partially overlapping with the non-preferred resource set
· FFS: Other option(s), and other details (if any)

Updated draft proposal 1-3:
· For Option A of Scheme 1, if UE-B receives the set of preferred resource(s), down-select one followings:
· Option 1-1:
· Physical layer at UE-B reports both the intersection set between the preferred resource set and S_A obtained after Step 7) of Rel-16 TS 38.214 Section 8.1.4 and the S_A to higher layer for its resource (re-)selection
· Higher layer at UE-B first uses the candidate single-slot resource(s) belonging to the intersection set, and then further uses the remaining S_A outside the intersection in its resource (re-)selection if necessary
· FFS: Other details (if any)
· Option 1-2:
· Physical layer at UE-B reports both the preferred resource set and S_A obtained after Step 7) of Rel-16 TS 38.214 Section 8.1.4 to higher layer for its resource (re-)selection
· Higher layer at UE-B first uses the candidate single-slot resource(s) belonging to the intersection set between the preferred resource set and S_A, and then it is up to UE-B’s implementation to further uses the remaining S_A or remaining preferred resources outside the intersection in its resource (re-)selection if necessary
· FFS: Other details (if any)
· Option 2:
· If the number of candidate single-slot resources belonging to the intersection between the preferred resource set and S_A obtained after Step 7) of Rel-16 TS 38.214 Section 8.1.4 satisfies the requirement of   as specified in Step 7) of TS 38.214 Section 8.1.4 
· Physical layer at UE-B reports the intersection set instead of S_A to higher layer for its resource (re-)selection
· Otherwise, 
· Physical layer at UE-B reports the set(s) determined by the intersection set as defined above and the S_A obtained after Step 7) of Rel-16 TS 38.214 Section 8.1.4 to higher layer for its resource (re-)selection.
· FFS: how to determine the set(s) based on the intersection set and S_A

Updated draft proposal 1-4:
· For Scheme 1 with non-preferred resource set, 
· Option 2: Physical layer at UE-B excludes in its resource (re-)selection, candidate single-slot resource(s) obtained after Step 6) of Rel-16 TS 38.214 Section 8.1.4 overlapping with the non-preferred resource set
· FFS: Whether/how to handle the case when the requirement of   as specified in Step 7) of TS 38.214 Section 8.1.4 is not satisfied
· FFS: Whether/how to determine M_total based on non-preferred resources in step 7)


UE-B’s behavior after receiving coordination message was discussed above. Detailed behaviors are still unclear, so we discuss them below.
Preferred resources – Option A
At the last meeting, three options above were listed and discussed, but there was no consensus. The discussion point was what is the PHY layer behavior in consideration of preferred resources shared from UE-A. However, currently we have one important question – whether does PHY layer have the preferred resources information? As discussed above, container of IUC message from UE-A should be MAC-CE. In this case, MAC layer has the information, not PHY layer. Does MAC layer need to indicate them to PHY layer? In our view, MAC layer does not need to share the IUC message to PHY layer, and what PHY layer should do is just to report S_A as in Rel-16, and then MAC layer can preferentially select resource(s) from intersection set between the IUC message and S_A reported from PHY layer. Opinions related to Option 1 can converge to this direction.
Regarding Option 2, it seems that Option 2 is not reasonable since “If ...” is not satisfied in most cases. We think the IUC message does not include so many resources.
Observation 2:
· For Option A of scheme 1, IUC message from UE-A will be conveyed in MAC layer. Then MAC layer has the information of preferred resources, not PHY layer.
Proposal 8:
· For Option A of scheme 1, PHY layer at UE-B reports S_A to MAC layer as in Rel-16.
· Higher layer at UE-B firstly uses resource(s) belonging to the intersection set between the preferred resource set and S_A, and then further uses the remaining  S_A outside the intersection if necessary.

Preferred resources – Option B
For option B, whether option B is supported conditionally or based on capability is unclear. Basically we think this option should be used for UE that does not have capability to perform sensing. If UE has capability to perform sensing, the UE should perform option A. One question would be how about UE performing random selection that has sensing capability. Only in this case additionally, option B can be allowed.
One important observation would be that Option B is not good for other UE’s transmission performance since UE-B does not consider the surrounding environment, including any other UE’s reservations. Even if UE-B’s performance is good in Option B, Option A should be prioritized if applicable.
Observation 3:
· Option B is not good for other UE’s transmission performance since UE-B does not consider the surrounding environment.
Proposal 9:
· Option B of scheme 1 is available only for either of the following.
· UE that does not support sensing/resource exclusion.
· UE that supports sensing/resource exclusion but performs random selection for corresponding transmission.

Non-preferred resources
When non-preferred resources are excluded from S_A is still FFS. The above Option 2 was identified at the last meeting without agreements. We believe that this Option 2 should be agreed. Although Option 2 might lead to higher RSRP threshold due to further step 7, this issue can be addressed with the two FFSs. In addition, we think that this exclusion mechanism of non-preferred resource set should be applied only for TB transmission to UE-A. The information is beneficial only for transmissions to this UE-A.
Proposal 10:
· For UE-B’s behavior with non-preferred resources, support Option 2 with two FFSs and with the following additional sub-bullet.
· Option 2 is applied only when UE-A is a destination UE of UE-B’s transmission.

Both preferred and non-preferred resources
When UE-B’s TX is groupcast/broadcast, there can be multiple UE-As. UE-B’s behavior in this case should be discussed sufficiently. For example, two UE-A sends preferred/non-preferred resources to UE-B. UE-B receives them. Then how UE-B uses them for groupcast/broadcast TX is unclear. In addition, UE-A might be included in the group of groupcast TX, might not. Whether UE-B can know individual UE’s ID in groupcast would be one issue here.
Observation 4:
· When UE-B’s TX is groupcast/broadcast, there can be multiple UE-As. UE-B’s behavior in this case should be discussed including whether UE-B knows any individual UE’s ID in groupcast.

2.2. Inter-UE coordination - scheme 2
2.2.1. Condition to be UE-A
	Agreement
In scheme 2, at least the following is supported for UE(s) to be UE-A(s)/UE-B(s) in the inter-UE coordination transmission triggered by a detection of expected/potential resource conflict(s) in Mode 2:
· A UE that transmitted PSCCH/PSSCH with SCI indicating reserved resource(s) to be used for its transmission, received inter-UE coordination information from UE-A indicating expected/potential resource conflict(s) for the reserved resource(s), and uses it to determine resource re-selection is UE-B
· A UE that detects expected/potential resource conflict(s) on resource(s) indicated by UE-B’s SCI sends inter-UE coordination information to UE-B, subject to satisfy one of the following conditions, is UE-A
· Working assumption At least a destination UE of one of the conflicting TBs, i.e., TBs to be transmitted in the expected/potential conflicting resource(s)
· Whether a non-destination UE of a TB transmitted by UE-B can be UE-A is (pre-)configured
· FFS: Additional details and condition(s) on UE-A and UE-B
· The above feature can be enabled or disabled or controlled by (pre-)configuration
· FFS: Details on how to support this, including (pre-)configuration signaling granularity
· FFS: Definition of expected/potential resource conflict(s) and other details (if any)


At the previous meeting, there was an agreement on which UE can be UE-A and which UE can be UE-B in scheme 2. Here one working assumption is remaining, so below we discuss this working assumption. The bullet includes the following two situations.
A) UE-A is a destination UE of a TB transmitted by UE-B. UE-B’s transmission will be collided with other UE’s TX, then UE-A transmits collision indication to UE-B for re-selection.
B) UE-A is a non-destination UE of a TB transmitted by UE-B, but a destination UE of a TB transmitted by other UE (called UE-Z) that will be collided with a transmission by UE-B. UE-A transmits collision indication to UE-B rather than UE-Z.
In our view, the 2nd situation is beneficial in some cases like a situation of the illustration below. In this example, two UEs (UE-Y and UE-Z) are transmitting reservations. Destination UE of UE-Y’s transmission is not UE-X, and UE-Z transmits a TB to UE-X. Regarding priority, UE-Z’s TB is associated with higher priority. Then, their reserved resources in time/freq. are overlapped each other. In this case, UE-X should transmit the corresponding collision indication to UE-Y so that UE having a TB with lower priority does reselection and UE having a TB with higher priority can use the resource without any change. UE-X becomes UE-A, and UE-Y rather than UE-Z should be UE-B.
In other words, even when a UE is not destination UE of a TB, the UE can send a collision indication to source UE of the TB in order to protect own other reception. This is clear motivation for a UE other than destination of UE-B’s transmission to become UE-A, which is different aspect from scheme 1.
If this 2nd situation is not supported, UE-A would have to transmit collision indication to UE having a TB transmitted to UE-A, regardless of the priority. This means that a packet with higher priority experiences worse latency performance due to resource reselection, which is undesirable way.
[image: ]
Fig. 1: Scheme 2 – Collision indication to UE-B that transmits a TB not to UE-A
Based on the above analysis, we submit the following proposal.
Observation 5:
· For inter-UE coordination scheme 2,
· Even when a UE is not destination UE of a TB, it seems to be beneficial that the UE sends a collision indication to source UE of the TB in order to protect own other reception.
Proposal 11:
· For inter-UE coordination scheme 2, confirm the following working assumption without any update.
· Working assumption At least a destination UE of one of the conflicting TBs, i.e., TBs to be transmitted in the expected/potential conflicting resource(s)
· Whether a non-destination UE of a TB transmitted by UE-B can be UE-A is (pre-)configured

2.2.2. Condition to detect expected/potential resource conflict
2.2.2.1. Details of Condition 2-A-1
	Agreement
For Condition 2-A-1 of Scheme 2, down-select one or more of following additional criteria to determine resource(s) where expected/potential resource conflict occurs
· Option 1: The resource(s) are fully/partially overlapping in time-and-frequency with other UE’s reserved resource(s) whose RSRP measurement is larger than a RSRP threshold according to the priorities included in the SCI:
· prio_TX and prio_RX are the priorities indicated in the SCI making the overlapping reservations 
· Strive to reuse Rel-16 specification wherever possible
· Option 2: The resource(s) are fully/partially overlapping in time-and-frequency with other UE’s reserved resource(s) whose RSRP measurement is within a (pre)configured RSRP threshold compared to the RSRP measurement of UE-B’s reserved resource. 
· FFS: Whether the threshold depends on priority
· Option 3: The resource(s) are fully/partially overlapping in time-and-frequency with other UE’s reserved resource(s) and the other UE is within a distance threshold of UE-B as determined by both UEs’ SCIs.
· Option 4: The resource(s) are fully/partially overlapping in time-and-frequency with other UE’s reserved resource(s) whose RSRP measurement is larger a (pre)configured RSRP threshold compared to the RSRP measurement of UE-B’s reserved resource. 
· FFS: Whether the threshold depends on priority
· FFS: In case of collisions of resources for two UEs having TBs with UE A as destination UE, if needed


At the last meeting, details of Condition 2-A-1 were discussed above but there has been no clear decision yet. Further discussions on this issue is necessary in this meeting to conclude this agenda item.
Firstly, we would like to point out that it seems that the above options misses determination of which UE is UE-B. Now the initial situation is that UE-A detects two UE’s SCIs that indicate resource fully/partially overlapped each other. Then we need to consider two aspects.
Step A. Which UE is UE-B among the two UEs?
Step B. Whether does UE-A transmit collision indication to UE-B? = Collision detection
After solving the two aspects, UE-A performs collision indication to UE-B. As mentioned, it seems that RAN1 discussed only Step B. However, Step A has not been determined yet. We believe that this is one aspect of why discussions at the last meeting became controversial and why the outcome was no consensus unfortunately. When Step B is performed before Step A, UE-A needs to perform the collision detection twice, i.e. mirroring operation. This is illustrated below.
[image: ]
Fig. 2: Step B before Step A – UE-A will perform collision detection twice
In this situation, there are four possible behaviors.
· UE-A transmits collision indication to UE-Y to protect UE-Z’s transmission.
· For example, UE-Z’s priority is higher and UE-Y’s interference is large.
· UE-A transmits collision indication to UE-Y to protect UE-Y’s transmission.
· For example, UE-Y’s priority is higher and UE-Z’s interference is large.
· UE-A transmits collision indication to UE-Z to protect UE-Z’s transmission.
· For example, UE-Z’s priority is higher and UE-Y’s interference is large.
· UE-A transmits collision indication to UE-Z to protect UE-Y’s transmission.
· For example, UE-Y’s priority is higher and UE-Z’s interference is large.
It is impossible to determine the best option among the listed four options and to set appropriate RSRP threshold such that any above four behaviors are covered. Therefore, we suggest to determine UE-B first before RSRP comparison for collision detection.
In addition, as discussed/illustrated in section 2.2.1, UE-A can be a non-destination UE of a TB transmitted by UE-B in order to protect own other reception. In this case, the protected transmission should be one with higher priority, which would be the main motivation of the working assumption in section 2.2.1. To achieve this purpose, UE-A transmits collision indication to UE reserving the overlapped resource with lower priority, i.e. this UE becomes UE-B. Another aspect to determine UE-B is UE capability. For example, one UE of the two UEs reserving overlapped resource might be Rel-16 UE. In this case, even when UE-A transmits collision indication to the UE, the UE will not detect the indication and the collision is not solved. The meaningless behavior should be avoided so that UE-A saves power consumption or UE-A sets the other UE as UE-B.
Observation 6:
· For condition 2-A-1, the situation is that UE-A detects two UE’s SCIs that indicate resource fully/partially overlapped each other. Then required steps are the following.
· Step A: Which UE is UE-B among the two UEs?
· Step B: Whether does UE-A transmit collision indication to UE-B? = Collision detection
· It seems that the last RAN1 discussions missed Step A.
· If Step B is performed without Step A, UE-A needs to perform collision detection twice for each.
· In this case, there are four patterns on which is UE-B and which transmission is protected. It is impossible to determine the best option among the listed four options with appropriate RSRP threshold.
Proposal 12:
· For Condition 2-A-1, UE-B is determined before RSRP comparison. The determination criteria can be the following.
· UE that indicated lower priority is UE-B.
· UE that supports scheme 2 is UE-B.
· UE that transmitted the TB to UE-A is UE-B, when a (pre-)configuration for “a non-destination UE of a TB transmitted by UE-B can be UE-A” is not provided.

After determining UE-B, RSRP comparison for collision detection can be performed more easily since there are only two possible behaviors. For example when UE-Y is UE-B, we need to consider only the following.
· UE-A transmits collision indication to UE-Y to protect UE-Z’s transmission.
· For example, UE-Z’s priority is higher and UE-Y’s interference is large.
· UE-A transmits collision indication to UE-Y to protect UE-Y’s transmission.
· For example, UE-Y’s priority is higher and UE-Z’s interference is large.
Among the listed options, we believe that collision detection should be performed based on relative RSRP. Why Rel-16 exclusion mechanism uses absolute RSRP is that there is no reference RSRP since UE-A sees only one UE for each reservation. However for scheme 2, UE-A sees relationship between two UEs. Even when one UE’s RSRP is small, if another UE’s RSRP is also small, they are collided at UE-A and UE-A cannot receive both packets. Option 1 does not solve this situation, which will be more typical for inter-UE coordination due to e.g. hidden-node issue.
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Fig. 3: Situation not handled by Option 1 (UE-O: other UE)
Then we think required collision detection criteria will be dependent on which transmission should be protected, and it will be dependent on how to determine UE-B discussed above. 
If UE-B’s transmission is to be protected (e.g. UE-B transmits a TB to UE-A with higher priority, other UE transmits a TB not to UE-A with lower priority, and “a non-destination UE of a TB transmitted by UE-B can be UE-A” is not allowed), then the criteria should be RSRP_B – RSRP_O < threshold, where RSRP_B and RSRP_O are RSRP value of UE-B’s SCI and other UE’s SCI, respectively. Collision indication will be transmitted in Case #1/#3/#4 of the following illustration.
[bookmark: _GoBack]On the other hand, if other UE’s transmission is to be protected (e.g. UE-B transmits a TB to UE-A with lower priority, other UE transmits a TB to UE-A with higher priority), then the criteria should be RSRP_O – RSRP_B < threshold. Collision indication will be transmitted in Case #1/#2/#3 of the following illustration.
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Fig. 4: Four cases for collision indication
Observation 7:
· For collision detection criteria, relative RSRP should be used.
· Absolute RSRP, i.e. Option 1, does not solve a case when UE-B’s RSRP and other UE’s RSRP are small and similar, which will be more typical for IUC due to e.g. hidden-node issue.
· Optimal criteria with relative RSRP is dependent on which transmission should be protected, and it will be deponent on how to determine UE-B.
Proposal 13:
· For Condition 2-A-1,
· When UE-B’s transmission is to be protected, the criteria is RSRP_B – RSRP_O < a (pre-)configured threshold.
· When other UE’s transmission is to be protected, the criteria is RSRP_O – RSRP_B < a (pre-)configured threshold.
· Note: RSRP_B and RSRP_O are RSRP value of UE-B’s SCI and other UE’s SCI, respectively.

2.2.2.2. Condition 2-A-2
	Agreement
In scheme 2, at least the following is supported to determine inter-UE coordination information:
· Among resource(s) indicated by UE-B’s SCI, UE-A considers that expected/potential resource conflict occurs on the resource(s) satisfying at least one of the following condition(s): 
· Condition 2-A-1:
· Other UE’s reserved resource(s) identified by UE-A are fully/partially overlapping with resource(s) indicated by UE-B’s SCI in time-and-frequency
· FFS: Other details (if any) 
· FFS: Whether/how to specify additional criteria and other details (if any) including signaling details of conflict indication
· (Working Assumption) Condition 2-A-2: 
· Resource(s) (e.g., slot(s)) where UE-A, when it is intended receiver of UE-B, does not expect to perform SL reception from UE-B due to half duplex operation
· FFS: Other details (if any)
· FFS: Other condition(s)
· FFS: Other details (if any)


Condition 2-A-2 is to detect half-duplex at UE-A. As discussed for scheme 1, half-duplex is one of main issues that should be addressed in inter-UE coordination. Scheme 2 can solve this issue, so Condition 2-A-2 should be agreed; otherwise, scheme 2’s gain becomes smaller unnecessarily.
Proposal 14:
· For inter-UE coordination scheme 2, confirm the following working assumption without any update.
· (Working Assumption) Condition 2-A-2
· Resource(s) (e.g., slot(s)) where UE-A, when it is intended receiver of UE-B, does not expect to perform SL reception from UE-B due to half duplex operation
· FFS: Other details (if any)

For the detailed half-duplex situation, we believe that the following three situations are typical and significant. Condition 2-A-2 should consider all of the three. 
· PSCCH/PSSCH TX vs PSCCH/PSSCH RX
· UL TX vs PSCCH/PSSCH RX: UE-B transmits data with resource reservation to UE-A. UE-B would transmit to UE-A at slot n. However, UE-A is scheduled to transmit UL at slot n. In this case, only either one with higher priority is performed as specified in 16.2.4.3 of TS38.213.
· PSFCH TX vs PSFCH RX: PSSCH resources are not collided in time each other, but corresponding PSFCH TX resource is overlapped with PSFCH RX in time at the same PSFCH occasion. In this case, only either one with higher priority is performed as specified in 16.2.4.2 of TS38.213. See the illustration below.
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Fig. 5: Scheme 2 – PSFCH TX vs PSFCH RX
Proposal 15:
· For inter-UE coordination scheme 2, for condition 2-A-2,
· Following resources are included in condition 2-A-2.
· Resources overlapped with UE-A’s PSCCH/PSSCH TX in time
· Resources overlapped with UE-A’s UL TX in time
· Resources corresponding to a PSFCH occasion where UE-A will receive PSFCH

2.2.3. PSFCH occasion determination
	For determining PSFCH occasion in Scheme 2,
· Option 1: PSFCH occasion is derived by a slot where UE-B’s SCI is transmitted
· Option 2: PSFCH occasion is derived by a slot where expected/potential resource conflict occurs on PSSCH resource indicated by UE-B’s SCI


Here one key issue on PSFCH for scheme 2 is time resource determination. In Rel-16 PSFCH, a resource is associated with a PSSCH resource with a gap of two or three slots. Reusing this mechanism is Option 1. However, we believe that Option 1 has issues: It is impossible to share expected/potential collision to UE that is detected later than PSFCH resource corresponding to the UE’s SCI. If collision indication is transmitted to another UE e.g. that indicated higher priority instead, Option 1 leads to more delay of UE-B’s TB with higher priority while keeping latency of UE’s TB with lower priority. Therefore, Option 1 does not achieve desirable latency from system perspective. Otherwise, reliability performance does not improve anymore. This issue is illustrated in the following figure.
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Fig. 6: Rel-16 PSFCH without any enhancement – No resource for coordination
Option 2 solves this issue. In Option 2, a resource to transmit the coordination message is associated with the reserved resource, not with already transmitted resource. This mechanism is illustrated in the figure below. Here PSFCH occasions for scheme 2 is set periodically as Rel-16 PSFCH. However, associations between PSSCH resource and PSFCH resource are not same; for a PSSCH resource, the corresponding PSFCH resource is an earlier resource than the PSSCH resource. In other words, when UE-A transmits a coordination message, UE-A transmits a PSFCH in a first slot that includes PSFCH resources and is at least X slots before slot of the collided resource. In this mechanism, a coordination message can be transmitted in a slot much later than Rel-16 PSFCH.
We believe that Option 2 has no issue. PSFCH differentiation among UE-As are not needed since UE-B does not need to know which UE transmits the PSFCH. Option 2 improves latency compared to Rel-16 SL since UE-B pre-notices transmission failure at the reserved resource. Required spec impact is only to capture the following text.
· For expected/potential collision, UE-A transmits a coordination message via a PSFCH resource in a first slot that includes PSFCH resources and is at least X slots before slot of the collided resource.
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Fig. 7: Enhancement of PSFCH occasion determination for scheme 2
Observation 8:
· For scheme 2, if applied mechanism is completely same as Rel-16 PSFCH, it is impossible to share expected/potential collision that is detected later than the corresponding PSFCH resource.
· Option 2 has no issue.
· PSFCH differentiation among UE-As are not needed since UE-B does not need to know which UE transmits the PSFCH.
· Option 2 improves latency compared to Rel-16 SL since UE-B pre-notices transmission failure at the reserved resource.
· Required spec impact is only to capture the following text:
· For expected/potential collision, UE-A transmits a coordination message via a PSFCH resource in a first slot that includes PSFCH resources and is at least X slots before slot of the collided resource.
Proposal 16:
· For PSFCH occasion determination in scheme 2,
· Support Option 2.

2.2.4. UE-B’s behavior after receiving collision indication
	Agreement
For allocating PSFCH resources in Scheme 2, at least following can be (pre)configured separately from those for SL HARQ-ACK feedback.
· Set of PRBs for PSFCH transmission/reception (sl-PSFCH-RB-Set) 
Agreement
For Scheme 2, 
· Index of a PSFCH resource for inter-UE coordination information transmission is determined in the same way according to Rel-16 TS 38.213 Section 16.3 with at least following modification
· P_ID is L1-Source ID indicated by UE-B’s SCI
· M_ID is 0
· FFS: How to set m_CS
· FFS: How to set m_0
· FFS: Whether M_ID can be (pre)configured


At the last meeting, details of PSFCH for scheme 2 were agreed. How to set m_CS and m_0 is the remaining issue.
Regarding m_0, in Rel-16, each PSFCH resource index is associated with one of available m_0 values. Which m_0 is used is determined based on which PSSCH resource was used and which UE transmitted on the PSSCH resource. We do not see motivation to change this mechanism, so no enhancement should be agreed.
Regarding m_CS, we think that different m_CS value is beneficial to differentiate between condition 2-A-1 and condition 2-A-2 since corresponding UE-B’s behavior would be different. For condition 2-A-1, only the reserved resource should be excluded. For condition 2-A-2, all resources at the slot including the reserved resource should be excluded. We do not see motivation not to use m_CS = 6 for this purpose. If not used, just the resource is wasted. No benefit is assumed.
Proposal 17:
· For PSFCH in scheme 2,
· m_0 is determined as in Rel-16.
· m_CS is 0 for Condition 2-A-1, 6 for Condition 2-A-2.

2.2.5. UE-B’s behavior after receiving collision indication
	Agreement
In scheme 2, the following UE-B’s behavior in its resource (re)selection is supported when it receives inter-UE coordination information from UE-A:
· UE-B can determine resource(s) to be re-selected based on the received coordination information
· UE-B can reselect resource(s) reserved for its transmission when expected/potential resource conflict on the resource(s) is indicated
· FFS: Other details (if any) 


At the last meeting, UE-B’s behavior after receiving collision indication was agreed: UE-B does resource reselection. One question on this behavior is whether resources corresponding to collision indication are still included in SA at the reselection procedure. In our view, the resources should be excluded regardless of its own sensing results since the collision indication clearly means that the resources are unavailable at UE-A. Using the resources after receiving collision indication does not make any benefit. Therefore, we submit the following proposal.
Proposal 18:
· For inter-UE coordination scheme 2,
· In resource reselection procedure after receiving collision indication, UE-B excludes the resources corresponding to the collision indication right before resource exclusion based on its own sensing results (i.e. right before Step 6).

3. Conclusion
In this contribution, we discussed resource allocation for reliability and latency enhancements. Observations/Proposals are summarized as following: 
Proposal 1:
· For request-based inter-UE coordination scheme 1, 
· UE-A transmits to UE-B a set of resources preferred for UE-B’s transmission
· Confirm working assumption with update as follows.
· At least a A destination UE of a TB transmitted by UE-B can be UE-A. Non-destination UE is precluded.
Proposal 2:
· For event-based inter-UE coordination scheme 1, 
· Confirm working assumption with the following additional sub-bullet.
· UE-A transmits to UE-B a set of resources non-preferred for UE-B’s transmission.
Proposal 3:
· For request-based inter-UE coordination scheme 1,
· An explicit request is transmitted with data other than the request. Other condition of the request transmission is up to UE implementation.
Proposal 4:
· UE-A can transmit IUC message only when either of the following conditions are met.
· UE-A has data other than the IUC message to UE-B. Data and IUC message are multiplexed on a PSSCH.
· CBR is lower than a threshold (pre-)configured per priority.
Proposal 5:
· Confirm working assumptions for condition 1-A-2 and 1-B-2.
· Following resources are the resources involved with half-duplex operation.
· Resources overlapped with UE-A’s PSCCH/PSSCH TX in time
· Resources overlapped with UE-A’s UL TX in time
· Resources corresponding to a PSFCH occasion where UE-A will receive PSFCH
Observation 1:
· For inter-UE coordination scheme 1,
· Payload size of IUC message would not be so small, thereby MAC-CE seems better than SCI.
· Transmission via RRC signaling would lead to degradation of latency aspect.
Proposal 6:
· In inter-UE coordination scheme 1, MAC-CE conveys a set of preferred/non-preferred resources.
Proposal 7:
· For inter-UE coordination scheme 1, UE-A transmits a set of preferred/non-preferred resources as following format.
· N combinations of TRIV, FRIV, resource reservation period as specified in Rel-16 TS 38.214 Section 8.1.5, and first resource location of each TRIV.
Observation 2:
· For Option A of scheme 1, IUC message from UE-A will be conveyed in MAC layer. Then MAC layer has the information of preferred resources, not PHY layer.
Proposal 8:
· For Option A of scheme 1, PHY layer at UE-B reports S_A to MAC layer as in Rel-16.
· Higher layer at UE-B firstly uses resource(s) belonging to the intersection set between the preferred resource set and S_A, and then further uses the remaining  S_A outside the intersection if necessary.
Observation 3:
· Option B is not good for other UE’s transmission performance since UE-B does not consider the surrounding environment.
Proposal 9:
· Option B of scheme 1 is available only for either of the following.
· UE that does not support sensing/resource exclusion.
· UE that supports sensing/resource exclusion but performs random selection for corresponding transmission.
Proposal 10:
· For UE-B’s behavior with non-preferred resources, support Option 2 with two FFSs and with the following additional sub-bullet.
· Option 2 is applied only when UE-A is a destination UE of UE-B’s transmission.
Observation 4:
· When UE-B’s TX is groupcast/broadcast, there can be multiple UE-As. UE-B’s behavior in this case should be discussed including whether UE-B knows any individual UE’s ID in groupcast.
Observation 5:
· For inter-UE coordination scheme 2,
· Even when a UE is not destination UE of a TB, it seems to be beneficial that the UE sends a collision indication to source UE of the TB in order to protect own other reception.
Proposal 11:
· For inter-UE coordination scheme 2, confirm the following working assumption without any update.
· Working assumption At least a destination UE of one of the conflicting TBs, i.e., TBs to be transmitted in the expected/potential conflicting resource(s)
· Whether a non-destination UE of a TB transmitted by UE-B can be UE-A is (pre-)configured
Observation 6:
· For condition 2-A-1, the situation is that UE-A detects two UE’s SCIs that indicate resource fully/partially overlapped each other. Then required steps are the following.
· Step A: Which UE is UE-B among the two UEs?
· Step B: Whether does UE-A transmit collision indication to UE-B? = Collision detection
· It seems that the last RAN1 discussions missed Step A.
· If Step B is performed without Step A, UE-A needs to perform collision detection twice for each.
· In this case, there are four patterns on which is UE-B and which transmission is protected. It is impossible to determine the best option among the listed four options with appropriate RSRP threshold.
Proposal 12:
· For Condition 2-A-1, UE-B is determined before RSRP comparison. The determination criteria can be the following.
· UE that indicated lower priority is UE-B.
· UE that supports scheme 2 is UE-B.
· UE that transmitted the TB to UE-A is UE-B, when a (pre-)configuration for “a non-destination UE of a TB transmitted by UE-B can be UE-A” is not provided.
Observation 7:
· For collision detection criteria, relative RSRP should be used.
· Absolute RSRP, i.e. Option 1, does not solve a case when UE-B’s RSRP and other UE’s RSRP are small and similar, which will be more typical for IUC due to e.g. hidden-node issue.
· Optimal criteria with relative RSRP is dependent on which transmission should be protected, and it will be deponent on how to determine UE-B.
Proposal 13:
· For Condition 2-A-1,
· When UE-B’s transmission is to be protected, the criteria is RSRP_B – RSRP_O < a (pre-)configured threshold.
· When other UE’s transmission is to be protected, the criteria is RSRP_O – RSRP_B < a (pre-)configured threshold.
· Note: RSRP_B and RSRP_O are RSRP value of UE-B’s SCI and other UE’s SCI, respectively.
Proposal 14:
· For inter-UE coordination scheme 2, confirm the following working assumption without any update.
· (Working Assumption) Condition 2-A-2
· Resource(s) (e.g., slot(s)) where UE-A, when it is intended receiver of UE-B, does not expect to perform SL reception from UE-B due to half duplex operation
· FFS: Other details (if any)
Proposal 15:
· For inter-UE coordination scheme 2, for condition 2-A-2,
· Following resources are included in condition 2-A-2.
· Resources overlapped with UE-A’s PSCCH/PSSCH TX in time
· Resources overlapped with UE-A’s UL TX in time
· Resources corresponding to a PSFCH occasion where UE-A will receive PSFCH
Observation 8:
· For scheme 2, if applied mechanism is completely same as Rel-16 PSFCH, it is impossible to share expected/potential collision that is detected later than the corresponding PSFCH resource.
· Option 2 has no issue.
· PSFCH differentiation among UE-As are not needed since UE-B does not need to know which UE transmits the PSFCH.
· Option 2 improves latency compared to Rel-16 SL since UE-B pre-notices transmission failure at the reserved resource.
· Required spec impact is only to capture the following text:
· For expected/potential collision, UE-A transmits a coordination message via a PSFCH resource in a first slot that includes PSFCH resources and is at least X slots before slot of the collided resource.
Proposal 16:
· For PSFCH occasion determination in scheme 2,
· Support Option 2.
Proposal 17:
· For PSFCH in scheme 2,
· m_0 is determined as in Rel-16.
· m_CS is 0 for Condition 2-A-1, 6 for Condition 2-A-2.
Proposal 18:
· For inter-UE coordination scheme 2,
· In resource reselection procedure after receiving collision indication, UE-B excludes the resources corresponding to the collision indication right before resource exclusion based on its own sensing results (i.e. right before Step 6).
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