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1. Introduction
At the RAN1#104bis-e meeting [1], there were discussions on resource allocation for reliability/latency improvements and several agreements were reached. Meanwhile, no agreements at the RAN1#105-e meeting [2]. In this contribution, we share our views on resource allocation enhancement for reliability and latency enhancements.

2. Discussions
2.1. Recommendation of working direction
2.1.1. Latency reduction by inter-UE coordination
As agreed in RAN#91 meeting, RAN1 focuses on inter-UE coordination to achieve ‘enhanced reliability and reduced latency’, which is clearly identified in justification section of WID. Meanwhile, as several companies mentioned, evaluations on inter-UE coordination were mainly provided from enhanced reliability perspective. Therefore, we believe that RAN1 should consider reduced latency perspective as well in discussions on inter-UE coordination. If there is no latency improvement achieved by inter-UE coordination, RAN1 should report the fact to RAN plenary. It is noted that enhanced reliability might not reduce latency. For example, inter-UE coordination consumes many resources to share sensing information, then it might be true that data transmission resource is more reliable but later than the case without inter-UE coordination due to channel congestion.
Observation 1:
· RAN1 should specify inter-UE coordination that reduced latency as well as enhanced reliability is achieved. If it is impossible, RAN1 will report the fact to RAN plenary.

2.1.2. Targeted situations
	Proposal 3 for conclusion: 
· Companies are encouraged to consider at least the following aspects when studying the feasibility and benefit of the enhancement(s) in mode 2
· Hidden-node problem
· Exposed-node problem
· Half duplex problem
· Consecutive packet loss (as described in WID)
· [Resource collision (i.e., Time-frequency resource overlapping [and/or Time resource overlapping] caused by the reason other than hidden-node problem]


At the previous meeting, the above proposals were submitted and discussed, but the discussion was controversial and the final outcome was no agreement. Targeted situations considered in this contribution is listed as below.
· Hidden-node issue
This issue is well-known for sensing-based systems. For example, there are three UEs: UE-A, UE-B, UE-C. UE-B transmits reservation information for resource X. UE-A receives it while UE-C does not due to long distance from UE-B. UE-C misunderstands that resource X is available, and both UE-B and UE-C transmits to UE-A via resource X. As a result, the transmissions are collided each other and both are failed. Rel-16 sensing mechanism does not consider this situation well, so some enhancement should be discussed in Rel-17.
· Near-far problem
This is similar to hidden-node issue; UE-B can receive UE-C’s reservation information but the power level is quite low. Meanwhile, UE#S receives the reservation information with high reception power. In this case, UE-B misunderstands that resource X is available, and both UE-B and UE-C transmits to UE-A via resource X. At UE-A, UE-C’s transmission can be detected in high quality, while UE-B’s transmission is lost due to the huge interference. Rel-16 resource allocation uses channel quality around TX-UE but actually required information is channel quality at RX-UE’s location.
· Half-duplex issue
In SL operation, there is no differentiation between transmission timing and reception timing. Each UE can transmit anytime and the UE cannot usually receive any at the transmission timing. For a TB transmission from UE-B to UE-A, Rel-16 resource allocation mechanism at UE-B does not consider UE-A’s transmission timing. If UE-B does transmission to UE-A at a slot in which UE-A transmits to any UE, the UE-B’s transmission is failed. Rel-17 should enhance resource allocation mechanism to avoid this situation. Furthermore, UE-A and UE-B transmit resource reservation at the same slot, they do not receive each other’s reservation. When they reserve same time-frequency resource, their transmissions are collided at the resource.
Note that this should include SL RX/UL TX overlap. For example, a UE reserves a resource at slot n to retransmit a TB but the RX-UE was scheduled with UL transmission at slot n. In this case, either is dropped based on priorities/thresholds.
· TX/TX overlap
This is the same as/similar to the last bullet of the above proposal 3 in FL summary. We believe that TX/TX overlap is an issue that should be considered in this agenda item. Rel-16 resource allocation does not consider such overlapping. Each UE can handle overlapping when the UE is aware of the overlapping, but resource allocation mechanism does not consider above TX/TX overlap. Rel-16 collision handling is not sufficient in terms of reliability and latency.
Observation 2:
· Resource allocation should be enhanced to improve reliability and latency degradations due to at least the following:
· Hidden-node issue
· Near-far problem
· Half-duplex issue (including SL RX/UL TX)
· TX/TX overlap (e.g. PSFCH TX/PSFCH TX, SL TX/UL TX)

2.2. Details of Inter-UE coordination
At the last meeting, RAN1 reached agreements that inter-UE coordination mechanisms are categorized as two schemes. The first one is sharing specific resources as preferred or non-preferred. In the second one, pre/post collision is informed to perform appropriate behavior to handle the collision. In the following, we are discussing detailed mechanisms of inter-UE coordination scheme 1 and scheme 2.
	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


As discussed at the last meeting, still whether down-selection is done or not is under discussion. We share our views on the down-selection.
· Inter-UE coordination scheme 1
In short, we feel that from only either preferred or non-preferred UE-B will obtain the same understanding of channel conditions. If preferred resources are shared, then the remaining resources will be non-preferred resources. However, some companies might assume three-level approach, like ‘preferred’ ‘normal’ ‘non-preferred’. Unfortunately there is no common understanding of the detailed approach, and the remaining meetings are not so many to have discussions on the detailed approach before concluding the down-selection discussion. Considering the current situation, we can be flexible to support both preferred and non-preferred. Maybe one note should be added as: Note that if there is a complementary relationship between preferred and non-preferred, only either is explicitly defined and transmitted.
One important aspect was discussed at the last RAN1 meeting and at the last RAN plenary: Whether hierarchical mechanism is included in this WI or not. It seems that companies’ opinions are divergent and thereby discussions on whether hierarchical mechanism can be supported or not would be better and necessary. Then our position is clear; such a mechanism should be precluded from scheme 1. In our understanding, definitions of hierarchical mechanism are e.g. a SL grant is provided by other UE and the UE shall follow the provided information, or e.g. shared information has high priority based on UE type (e.g. RSU) and the received UE shall follow the prioritized information, etc. These kinds of mechanisms will lead to quite complicated and controversial discussions at both RAN1 and RAN2. To complete this WI, preclusion should be agreed.
Observation 3:
· For inter-UE coordination scheme 1,
· Whether there is a complementary relationship between preferred and non-preferred would be dependent on details of scheme 1 that is still under discussion.
Proposal 1:
· For inter-UE coordination scheme 1, support both transmission of preferred resources and transmission of non-preferred resources.
· Note: if there is a complementary relationship between preferred and non-preferred, only either is explicitly defined and transmitted
· Note: UE-hierarchical mechanism is precluded.

· Inter-UE coordination scheme 2
In our view, at least indication of expected/potential collision should be supported since this mechanism enhances reliability definitely, which is presented by companies’ simulation results.
The controversial part on scheme 2 is indication of detected collision, i.e. post-collision indication. Based on discussions in previous meetings, we believe that companies have common understanding as no benefit in unicast/groupcast option 2 due to existence of ACK/NACK feedback. On the other hand, some performance gain can be achieved in groupcast option 1. In NACK-only feedback, DTX due to e.g. half-duplex means ACK at the PSFCH receiver. This DTX-to-ACK error will occur in many occasions in groupcast option 1. The indication of detected collision can solve this issue. Note that this analysis can come from the RAN1 conclusion made at RAN1#104-e.
Observation 4:
· For inter-UE coordination scheme 2,
· It seems that indication of detected collision is beneficial only for groupcast option 1. In unicast/groupcast option 2, no more gain than ACK/NACK feedback is expected.
Proposal 2:
· For inter-UE coordination scheme 2, the following information signaling from UE-A is supported.
· 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 that indicates groupcast option 1  

2.2.1. Who is UE-A/UE-B
	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


At the previous meeting, RAN1 discussed which UE is UE-A but did not reach consensus. The above agreements are guidance to study/discuss further which UE is UE-A/UE-B, so this aspect is discussed in this subsection. It seems that appropriate rule is different between scheme 1 and scheme 2, thereby separate discussion will be better.
For inter-UE coordination scheme 1,
Our preference is that UE-B is source UE of a TB and UE-A is destination UE of the TB. This comes from considered situations that are mentioned at the previous section. Hidden-node issue for example. The issue is that even when a resource is available at a transmitter UE, the resource could be unavailable at the receiver UE due to other UE’s transmission. The transmitter UE does not detect the other UE’s reservation, then collision happens at the receiver UE. In this case, this issue means that the transmitter UE should consider channel quality at the receiver UE. That is, if UE other than the destination of the TB becomes UE-A, the information does not solve this issue. 
This discussion mainly focuses on unicast situation, but groupcast/broadcast can be same rule. In groupcast case, there would be many destination UEs of the TB. There would be no benefit for other UE to become UE-A. In broadcast case, any UE is the destination UE of the TB. ‘UE-A is destination UE of the TB’ is equivalent to ‘UE-A is any UE’.
Another reason is that motivation to become UE-A is unclear from perspective of UE other than destination UE of the TB. Inter-UE coordination by UE other than destination UE of the TB is beneficial from system perspective, but the UE consumes more power than Rel-16 UE. If there is no merit for this UE, any UE will not have capability to become UE-A to help other UE’s transmissions. One possibility might be some specific UE like RSU, then it is understandable for us. Meanwhile, such a special UE at RAN1/RAN2 should be precluded as abovementioned.
Observation 5:
· For inter-UE coordination scheme 1,
· UE other than destination UE of a TB will not know channel quality at the destination UE.
· 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 UE’s transmissions.
Proposal 3:
· For inter-UE coordination scheme 1,
· UE-B is source UE of a TB.
· UE-A is destination UE(s) of the TB.

For inter-UE coordination scheme 2,
Basically, similar discussion to scheme 1 can be done for scheme 2. In that sense, at least destination UE of a TB transmitted by UE-B should be UE-A.
In addition, it seems beneficial in some cases that a UE other than destination UE of the TB is UE-A, like a situation of the following illustration. In this example, two UEs (UE-Y and UE-Z) are transmitting reservations. UE-Y’s destination is not UE-X and the second UE, 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 thus the collision is avoided. UE-X becomes UE-A, and UE-Y 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 in our view.
[image: ]
Fig. 1: Scheme 2 – UE-A behavior by UE other than destination of UE-B’s TX
Observation 6:
· 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 4:
· For inter-UE coordination scheme 2,
· UE-B is a UE that reserved a future resource.
· UE-A is the following two:
· A UE that is destination UE of a TB transmitted on the resource by UE-B.
· A UE that is destination UE of a TB transmitted on the resource by UE other than UE-B.

2.2.2. Which information is used for inter-UE coordination at UE-A
	FL’s proposal:
· For inter-UE coordination in Mode 2, consider at least one of the following information (with details FFS) 
· For Scheme 1 to determine by UE-A the set of resources preferred and/or non-preferred for UE-B’s transmission:
· Other UEs’ reserved resources based on UE-A’s sensing result and/or coordination information (e.g., non-preferred resource set) received from other UEs 
· Coordination information (e.g., preferred resource set) received from other UEs 
· Information on UE-B’s traffic requirements (e.g., conveyed via triggering information from UE-B, if any)
· Location information on UE-B and other UEs
· Subset or all of 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
· Resource set selected by UE-A for other UE-Bs’ transmissions
· PSFCH transmission and/or reception
· UE-A’s candidate resource set based on UE-A’s sensing
· UE-B’s ability to use coordination information
· Etc.
· For Scheme 2 to determine by UE-A the presence of expected/potential and/or detected resource conflict on the resources indicated by UE-B’s SCI:
· Other UEs’ reserved resources and/or existing transmission (i.e. used resources) based on UE-A’s sensing result (e.g., measurement, information extracted from SCI)
· Information on UE-B’s traffic requirements 
· Location information on UE-B and other UEs
· Subset or all of 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
· [bookmark: _GoBack]PSFCH transmission and/or reception
· UE-B’s ability to use coordination information
· Etc.


At the previous meeting, RAN1 discussed which information is used at UE-A, but there was no corresponding agreement due to different views of companies. Further study/discussion is necessary for this topic.
Table 1 shows summary of our views on this issue. Candidates come from the above FL’s proposal, corresponding discussions in GTW, and our further studies.
Table 1: Information candidate for inter-UE coordination
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In the following, label A/B/C/.../N is used for better readability.
Regarding A/E/F/G/I, i.e. information related to used resources, they will be used to determine which resource is preferred or not preferred in scheme 1 and detect whether resource collision happens or not in scheme 2. Clearly they are essential for the next step of inter-UE coordination. Note that we believe that A, i.e. other UE’s reserved resource, should be obtained only by UE-A’s sensing result. Information obtained by inter-UE coordination with other UE should not be used as information for inter-UE coordination at UE-A. The reason is the same as mentioned at the last section. Inter-UE coordination should be performed based on channel quality at destination UE. Other UE’s information might be invalid for destination UE. Based on this aspect, it seems that B should be dropped.
For C, traffic requirements would be necessary for UE-A’s next step, but actual information is quite unclear. In our view, only priority and remaining PDB are valid information. Note that, ‘UE-B’s traffic requirements’ is identified in the FL summary, but ‘traffic requirements of UE other than UE-B’ should also be included to determine which UE’s transmission has lower priority that should be cancelled in scheme 2 for example. 
For D, location information is only shared for groupcast option 1, so this information is undesirable for commonality among cast types. Instead, received RSRP at UE-A will be available, which can cover the intention of ‘location information’.
Regarding H, this information is beneficial in scheme 1; otherwise, UE-A might inform the same resource as preferred of two or more UEs.
For J, difference from A is unclear. A, i.e. other UEs’ reserved resources, should be sufficient.
For K, this information is quite beneficial so that meaningless transmissions of coordination message are avoided and it leads to less resource collision and less power consumption.
Regarding L, this is not a kind of information in this list but condition to apply inter-UE coordination at the next step. For example at UE-A, if collision is detected by using A/E/F/G/I, UE-A does something. That is, intention of L is covered by A/E/F/G/I. If intention of L is to include post-collision as well, A should be updated as other UEs’ reserved/used resources instead of adding ‘resource collision’.
For M, in our view, processing time at UE-A/UE-B is also information that should be used at UE-A in scheme 2. For example, pre-collision is detected at UE-A but UE-B does not have sufficient processing time to do something after receiving the corresponding indication from UE-A. In this case, UE-A’s behavior should be changed to avoid such a meaningless indication.
In the end, these information will be used to detect the presence of pre/post-collision in scheme 2. In addition, it seems that they should be used for other purpose at UE-A, e.g. which UE UE-A should transmit collision indication to. Appropriate update is needed from FL proposal.
Proposal 5:
· For inter-UE coordination scheme 1, at least the following information can be used to determine by UE-A a set of resources preferred and/or non-preferred for UE-B’s transmission.
· Other UEs’ reserved/used resources based on UE-A’s sensing result 
· Priority and remaining PDB of other UEs’ transmission(s)
· Received RSRP of other UEs’ transmission(s)
· 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
· Resource set selected by UE-A for other UE-Bs’ transmissions
· PSFCH transmission and/or reception
· UE-B’s ability to use coordination information
Proposal 6:
· For inter-UE coordination scheme 2, at least the following information can be used to perform by UE-A a behavior corresponding to expected/potential and/or detected resource conflict.
· Other UEs’ reserved/used resources based on UE-A’s sensing result 
· Priority and remaining PDB of other UEs’ transmission(s)
· Received RSRP of other UEs’ transmission(s)
· 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
· PSFCH transmission and/or reception
· UE-B’s ability to use coordination information
· UE-A’s and UE-B’s processing time to perform inter-UE coordination

2.2.3. What is the condition for UE-A to transmit coordination message
When UE-A decides to transmit coordination information is the next step after concluding discussions of which information is used at UE-A. It also seems that appropriate rule is different between scheme 1 and scheme 2, thereby separate discussion will be better.
For inter-UE coordination scheme 1,
The following two are considerable, but we would like to emphasize that latency perspective should be evaluated carefully as mentioned in section 2.1. For example, in option 2 quite large gap might be feasible between request timing and actual transmission selected based on the corresponding coordination message. Less coordination latency should be one of metrics to solve this topic.
· Option 1: When some events happened at UE-A
· Option 2: When UE-A received a request from UE-B
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Fig. 2: Option 2
Observation 7:
· For inter-UE coordination scheme 1,
· RAN1 should carefully consider latency perspective to discuss what is the condition for UE-A to transmit coordination message.

For inter-UE coordination scheme 2,
When at least the following collision is detected at UE-A, UE-A should send a corresponding collision indication. This collision detection is performed by using some of the information that are discussed in the last section and will be agreed in this meeting. In our view, it seems that a collision indication should be transmitted or not will be dependent on received RSRP, priority, processing time, etc. In addition, when two UEs will collide at a resource, it is unclear which UE UE-A should transmit a corresponding collision indication to. Further discussions will be necessary for detailed conditions after agreeing collision cases.
· Case 1: PSSCH resource collision on the same time-frequency resource, reserved by two UEs
For example, let us use the following figure as an example. UE-B transmits a TB to UE-A with resource reservation information of resource with yellow color. In addition, UE-C transmits a TB to UE-A via different resource with resource reservation information of the same yellow resource. UE-B’s position and UE-C’s position are far from each other. Due to the hidden-node issue or near-far problem, they are not aware of necessity to change the resource.
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Fig. 3: PSSCH resource collision
· Case 2: TX/RX collision in time-domain at UE-A
(i) PSSCH TX vs PSSCH RX, (ii) PSFCH TX vs PSFCH RX, (iii) UL TX vs PSSCH RX
For example, at the upper side of following figure, (i) TX/RX overlap of PSSCH is described. UE-A transmits to UE-C a data with resource reservation. After that, UE-B transmits to UE-A a data with resource reservation. It could happen that UE-B’s reserved resource is overlapped with UE-A’s reserved resource in time domain.
In addition, (ii) TX/RX overlap of PSFCH can be mentioned here. PSSCH resources are not collided in time each other, but corresponding PSFCH resources are overlapped in time at the same PSFCH occasion. The lower side of the illustration below explains this situation.
Another case is that (iii) PSSCH RX is overlapped with UL TX at UE-A in time. 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.
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Fig. 4: TX/RX collision (upper: (i) PSSCH TX vs PSSCH RX, lower: (ii) PSFCH TX vs PSFCH RX)
· Case 3: TX/TX collision in time-domain at UE-A
(I) PSFCH vs PSFCH, (II) PSFCH vs UL
As illustrated below, let us assume the case that UE-B’s position and UE-C’s position are far from each other. They transmit data to UE-A on different resources, but their corresponding PSFCH occasions are the same (I). UE-A has multiple PSFCH transmissions in a PSFCH occasion, and each transmit power is reduced or some PSFCH is dropped. This means that PSFCH performance is degraded compared to only one PSFCH transmission in a occasion. Note that max number of simultaneous PSFCH transmissions is defined as a UE capability psfch-TxNumber.
Another case is that (II) PSFCH TX is overlapped with UL TX in time-domain. UE-B transmits data with resource reservation to UE-A. UE-B would transmit to UE-A at slot n and request corresponding PSFCH at slot n+2. However, UE-A is scheduled to transmit UL slot n+2.
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Fig. 5: TX/TX collision ((I) PSFCH vs PSFCH)
Proposal 7:
· For inter-UE coordination scheme 2, when UE-A detects at least one of the following expected/potential resource conflict with a reserved resource by one or more UEs, UE-A transmits a collision indication.
· Case 1: PSSCH resource collision on the same time-frequency, reserved by two UEs
· Case 2: TX/RX collision in time-domain at UE-A; (i) PSSCH TX vs PSSCH RX, (ii) PSFCH TX vs PSFCH RX, (iii) UL TX vs PSSCH RX
· Case 3: TX/TX collision in time-domain at UE-A; (I) PSFCH vs PSFCH, (II) PSFCH vs UL
· FFS: additional condition, e.g. received RSRP, priority, processing time

2.2.4. How does UE-A transmit coordination message
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.
For inter-UE coordination scheme 1,
Shared information is a set of preferred or not 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. To add many bits, at least SCI-1 would be impossible due to only 4 reserved bits at a maximum. 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 8:
· For inter-UE coordination scheme 1,
· Payload size of coordination message would not be small, thereby MAC-CE seems better than SCI.
· Transmission via RRC signaling would lead to degradation of latency aspect.
Proposal 8:
· In inter-UE coordination scheme 1, MAC-CE conveys coordination message.

For inter-UE coordination scheme 2,
Meanwhile scheme 2 would be possible by only one bit transmission as a coordination message. In that sense, PHY layer signaling is preferable. Then for quick coordination and less collision, PSFCH-like mechanism is much better than SCI. Each Rel-16 PSFCH resource is associated with each PSSCH resource with small gap by (pre-)configuration. That is, PSFCH resource can be determined uniquely and immediately after PSSCH reception without any sensing-like operation. Better latency performance and better robustness are expected than using PSCCH/PSSCH transmission. Note that in symbols (pre-)configured with Rel-16 PSFCH, some PRBs can be unallocated for PSFCH. The remaining PRBs can be used for scheme 2.
Observation 9:
· For scheme 2, Rel-16 PSFCH mechanism is better way than SCI so that a coordination message is transmitted quickly and robustly after detection of necessity to transmit the coordination message.
Proposal 9:
· In inter-UE coordination scheme 2, PSFCH-like channel conveys a coordination message.

Here one key issue in PSFCH-like channel for scheme 2 seems to be time resource determination. (For better readability, the PSFCH-like channel is called as just PSFCH below.) In Rel-16 PSFCH, a resource is associated with a PSSCH resource with a gap of two or three slots. This means that when a UE transmits PSCCH/PSSCH at slot n and reserves a future resource at slot m, and even if a collision on the future resource is detected after the corresponding PSFCH resource at slot n, UE-A cannot send the corresponding coordination message to the UE since there is already no container at that time. This situation is illustrated in the following figure.
[image: ]
Fig. 6: Rel-16 PSFCH without any enhancement – No resource for coordination
One possible solution would be that a resource to transmit the coordination message is associated with the reserved resource, not 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, where the issue in Fig. 6 is solved. Of course still collision that is detected after this new PSFCH resource cannot be avoided, but this mechanism would be much better since the coordination message can be sent in much more situations. Note that latency is not degraded and is improved a bit compared to Rel-16 SL while Fig. 6-like mechanism is better from latency perspective.
Definitely there is a trade-off between latency and reliability. When reliability is more important, X can be small; otherwise, i.e. latency is more important, X can be large. Alternatively, two candidate PSFCH occasions for a collision is another option. Both Fig. 6 and Fig. 7 are configured, and UE selects either based on timing when the UE recognized the collision.
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Fig. 7: Enhancement of PSFCH-like time resource determination
Observation 10:
· 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.
Proposal 10:
· In inter-UE coordination scheme 2,
· 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.
· FFS: discuss whether or not it is also supported that UE-A can transmit a coordination message via a PSFCH resource in a first slot that includes PSFCH resources and is at least Y slots after slot of the PSSCH reception.

2.2.5. UE-B’s behavior after receiving coordination message
	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


At the previous meeting, the above agreements for UE-B’s behavior were reached, while down-selection is not precluded. Further discussions are necessary for this issue.
For inter-UE coordination scheme 1,
We believe that only Option 1-1 is feasible. If UE-B does not consider ‘not preferred’ at UE-B, transmissions of other UEs e.g. adjacent to UE-B will be degraded due to ignoring reservations. This is not good from system perspective, in this sense, Option 1-1 is the best way while Option 1-2 will not be good one. Regarding Option 1-3/1-4, difference from Option 1-1/1-2 is unclear; thereby it seems that they are unnecessary.
Observation 11:
· For scheme 1, ‘not preferred’ at UE-B as well as coordination message should be used to protect other UEs’ transmissions.
Proposal 11:
· For UE-B’s behavior after receiving coordination message, support option 1-1 but not support option 1-2/1-3/1-4.

For inter-UE coordination scheme 2,
It seems that Option 2-1 intends ‘expected/potential’ conflict while Option 2-2 does ‘detected’ conflict. As discussed above, we believe that both expected/potential collision and detected collision should be supported as indication trigger in scheme 2 (while detected collision should be restricted only to groupcast option 1). Therefore, both options are necessary for complete UE behaviour.
Observation 12:
· It seems that Option 2-1 intends ‘expected/potential’ conflict while Option 2-2 does ‘detected’ conflict
Proposal 12:
· Proposal: Support option 2-1 for the case that the coordination message is the following
· Presence of expected/potential resource conflict on the resources indicated by UE-B’s SCI
· Proposal: Support option 2-2 for the case that the coordination message is the following
· Presence of detected resource conflict on the resources indicated by UE-B’s SCI that indicates groupcast option 1

In addition, whether UE-B’s behavior is mandated or not should be discussed. For example, in Option 2-2, retransmission might not be possible due to some reasons, e.g. congestion control and remaining PDB. 
Proposal 13:
· Study whether supported UE-B’s behavior is mandated or not.

3. Conclusion
In this contribution, we discussed resource allocation for reliability and latency enhancements. Observations/Proposals are summarized as following: 
Observation 1:
· RAN1 should specify inter-UE coordination that reduced latency as well as enhanced reliability is achieved. If it is impossible, RAN1 will report the fact to RAN plenary.
Observation 2:
· Resource allocation should be enhanced to improve reliability and latency degradations due to at least the following:
· Hidden-node issue
· Near-far problem
· Half-duplex issue (including SL RX/UL TX)
· TX/TX overlap (e.g. PSFCH TX/PSFCH TX, SL TX/UL TX)
Observation 3:
· For inter-UE coordination scheme 1,
· Whether there is a complementary relationship between preferred and non-preferred would be dependent on details of scheme 1 that is still under discussion.
Proposal 1:
· For inter-UE coordination scheme 1, support both transmission of preferred resources and transmission of non-preferred resources.
· Note: if there is a complementary relationship between preferred and non-preferred, only either is explicitly defined and transmitted
· Note: UE-hierarchical mechanism is precluded.
Observation 4:
· For inter-UE coordination scheme 2,
· It seems that indication of detected collision is beneficial only for groupcast option 1. In unicast/groupcast option 2, no more gain than ACK/NACK feedback is expected.
Proposal 2:
· For inter-UE coordination scheme 2, the following information signaling from UE-A is supported.
· 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 that indicates groupcast option 1  
Observation 5:
· For inter-UE coordination scheme 1,
· UE other than destination UE of a TB will not know channel quality at the destination UE.
· 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 UE’s transmissions.
Proposal 3:
· For inter-UE coordination scheme 1,
· UE-B is source UE of a TB.
· UE-A is destination UE(s) of the TB.
Observation 6:
· 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 4:
· For inter-UE coordination scheme 2,
· UE-B is a UE that reserved a future resource.
· UE-A is the following two:
· A UE that is destination UE of a TB transmitted on the resource by UE-B.
· A UE that is destination UE of a TB transmitted on the resource by UE other than UE-B.
Proposal 5:
· For inter-UE coordination scheme 1, at least the following information can be used to determine by UE-A a set of resources preferred and/or non-preferred for UE-B’s transmission.
· Other UEs’ reserved/used resources based on UE-A’s sensing result 
· Priority and remaining PDB of other UEs’ transmission(s)
· Received RSRP of other UEs’ transmission(s)
· 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
· Resource set selected by UE-A for other UE-Bs’ transmissions
· PSFCH transmission and/or reception
· UE-B’s ability to use coordination information
Proposal 6:
· For inter-UE coordination scheme 2, at least the following information can be used to perform by UE-A a behavior corresponding to expected/potential and/or detected resource conflict.
· Other UEs’ reserved/used resources based on UE-A’s sensing result 
· Priority and remaining PDB of other UEs’ transmission(s)
· Received RSRP of other UEs’ transmission(s)
· 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
· PSFCH transmission and/or reception
· UE-B’s ability to use coordination information
· UE-A’s and UE-B’s processing time to perform inter-UE coordination
Observation 7:
· For inter-UE coordination scheme 1,
· RAN1 should carefully consider latency perspective to discuss what is the condition for UE-A to transmit coordination message.
Proposal 7:
· For inter-UE coordination scheme 2, when UE-A detects at least one of the following expected/potential resource conflict with a reserved resource by one or more UEs, UE-A transmits a collision indication.
· Case 1: PSSCH resource collision on the same time-frequency, reserved by two UEs
· Case 2: TX/RX collision in time-domain at UE-A; (i) PSSCH TX vs PSSCH RX, (ii) PSFCH TX vs PSFCH RX, (iii) UL TX vs PSSCH RX
· Case 3: TX/TX collision in time-domain at UE-A; (I) PSFCH vs PSFCH, (II) PSFCH vs UL
· FFS: additional condition, e.g. received RSRP, priority, processing time
Observation 8:
· For inter-UE coordination scheme 1,
· Payload size of coordination message would not be small, thereby MAC-CE seems better than SCI.
· Transmission via RRC signaling would lead to degradation of latency aspect.
Proposal 8:
· In inter-UE coordination scheme 1, MAC-CE conveys coordination message.
Observation 9:
· For scheme 2, Rel-16 PSFCH mechanism is better way than SCI so that a coordination message is transmitted quickly and robustly after detection of necessity to transmit the coordination message.
Proposal 9:
· In inter-UE coordination scheme 2, PSFCH-like channel conveys a coordination message.
Observation 10:
· 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.
Proposal 10:
· In inter-UE coordination scheme 2,
· 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.
· FFS: discuss whether or not it is also supported that UE-A can transmit a coordination message via a PSFCH resource in a first slot that includes PSFCH resources and is at least Y slots after slot of the PSSCH reception.
Observation 11:
· For scheme 1, ‘not preferred’ at UE-B as well as coordination message should be used to protect other UEs’ transmissions.
Proposal 11:
· For UE-B’s behavior after receiving coordination message, support option 1-1 but not support option 1-2/1-3/1-4.
Observation 12:
· It seems that Option 2-1 intends ‘expected/potential’ conflict while Option 2-2 does ‘detected’ conflict
Proposal 12:
· Proposal: Support option 2-1 for the case that the coordination message is the following
· Presence of expected/potential resource conflict on the resources indicated by UE-B’s SCI
· Proposal: Support option 2-2 for the case that the coordination message is the following
· Presence of detected resource conflict on the resources indicated by UE-B’s SCI that indicates groupcast option 1
Proposal 13:
· Study whether supported UE-B’s behavior is mandated or not.
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