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1. Introduction
At the RAN1#104-e meeting [1], there were discussions on resource allocation for reliability and latency enhancements and the following conclusion and agreements were agreed below.
	Conclusion:
· RAN1 concludes that the inter-UE coordination in Mode 2 is feasible, and is beneficial (e.g.,  reliability, etc.) compared to Rel-16 Mode 2 RA, and thus recommends specification of the feature.
· The detailed observations can be found in the attachment of the LS
Further discuss the detailed observations (starting from the FL’s summary)

Agreements: Enclose following contents as an attachment of LS
======================================================================================
RAN1 has studied and evaluated schemes of inter-UE coordination in the following categories:
· Type A: UE-A sends to UE-B the set of resources preferred for UE-B’s transmission
· e.g., based on its sensing result
· Type B: UE-A sends to UE-B the set of resources not preferred for UE-B’s transmission
· e.g., based on its sensing result and/or expected/potential resource conflict
· Type C: UE-A sends to UE-B the set of resources where the resource conflict is detected
Observations from evaluation results are summarized below. Note that the detailed evaluations for coordination schemes may not be fully aligned among companies. The details of the above schemes may also be different among companies in the evaluation. As a result, the observations drawn may be specific to the corresponding evaluated schemes with the assumed evaluation assumptions. 
(Detailed part is omitted)


Based on these conclusion/agreements, RAN plenary has the following conclusion. In this contribution, we share our views on resource allocation for reliability and latency enhancements.
	Conclusion: It was concluded that no WID update is necessary. WGs continue specifying inter-UE coordination. Note
that enhancements other than inter-UE coordination is NOT pursued in the scope of the objective “Study the feasibility and benefit of solution(s) on the enhancement(s) in mode 2 for enhanced reliability and reduced latency in consideration of both PRR and PIR defined in TR37.885 (by RAN#91), and specify the identified solution(s) if deemed feasible and beneficial [RAN1, RAN2].



2. Discussions
2.1. 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 to specify inter-UE coordination. If there is no latency improvement 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 happen that data transmission resource is reliable but later than the case without inter-UE coordination due to channel congestion or latency of the latency.
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.

2.2. 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:
· Rel-16 resource allocation does not consider near-far problem. Selected resource based on channel quality at TX-UE might suffer from large interference at RX-UE. 
· Rel-16 resource allocation does not consider some TX/TX overlaps (e.g. PSFCH TX/PSFCH TX, SL TX/UL TX, SL RX/UL TX), which leads to performance degradation of reliability and latency.
Proposal 1:
· Resource allocation is 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)

2.3. Three types of Inter-UE coordination
2.3.1. Type A/Type B as resource selection based on shared information
One candidate of inter-UE coordination mechanism is to select resource based on shared information (e.g. sensing information). This would include both Type A and Type B. In Type A, the information is ‘preferred’ information while ‘not preferred’ in Type B. These information mean essentially equal and just are represented from different angles. Thus they can be discussed together.
In our understanding, resource selection based on share information is not beneficial for enhanced reliability and reduced latency due to:
· Signaling latency.
For example, let us use the illustration below to discuss this mechanism. UE-C reserves a few resources in timing of green triangle in this figure. After that, UE-A obtains information of ‘preferred’ by sensing at slot n. Then UE-A prepares information sharing and transmits it at slot n+k1. UE-B is far from UE-C and does not receive UE-C’s reservation signal, but receives the ‘preferred’ information from UE-A. UE-B selects a resource at slot n+k1+k2 based on the shared information from UE-A and does transmission to UE-A at the resource. However, it is important that UE-C (or other UE) can do reservation after slot n, which is not reflected to the shared information. This definitely means that ‘preferred’ could become ‘not preferred’. The time gap between generating information of ‘preferred’ at UE-A and actual data transmission at UE-B will be not small. At least as the time gap, the minimum value will be  slots for each SCS, where the half is time for information sharing and the other is time for data transmission. In addition, this is the minimum value and actual gap will be larger if the container is PSCCH/PSSCH. It cannot be said that missed aperiodic reservations are few.
· Signaling overhead or less usefulness of quantized information
To obtain sufficient information to be used for resource selection, many resources are consumed and the container would be PSCCH/PSSCH. This leads to many resource collisions rather than enhanced reliability. If limited information is shared, the container can be e.g. PSFCH and the above issue is avoided. However in this case, the share information is processed with quantization-like operation. Such information is quite questionable to be beneficial.

[image: ]
Fig.1: Issue on resource selection based on shared information
Observation 3:
· Resource selection based on shared information of ‘preferred/not preferred’ is not beneficial.
· Many aperiodic reservations between generating the information at UE-A and actual data transmission at UE-B are missed and hence ‘preferred/not preferred’ would be changed before actual data transmission at UE-B.
Proposal 2:
· For Type A/Type B, resource selection by using the shared information of ‘preferred/not preferred’ is not supported.

2.3.2. Type B as a trigger of resource reselection
Another candidate of inter-UE coordination mechanism is that UE-A triggers resource reselection at UE-B (e.g. based on expected/potential resource conflict). We believe that this mechanism is quite beneficial at least for enhanced reliability due to:
· Collision avoidance
Reselection trigger would be transmitted when expected/potential resource conflict is detected at UE-A. In this case, although reselected resource might still be collided with other TX explained as the last section, at least the expected/potential resource conflict that is detected at UE-A is definitely avoided by this information sharing. The benefit is NOT that actual data transmission is highly reliable in the reselection behavior BUT that the reselection is triggered to avoid expected/potential resource conflict. In other words, this is like a pre-emption indication from UE-A to UE-B.
For example, let us use the following illustration to discuss this mechanism. UE-C reserves a resource before slot n and also UE-B reserves the same resource before slot n. UE-A detects at slot n both reservations and the expected collision. Then UE-A transmits to UE-B the expected collision and recommends to change transmission resource. UE-B receives the recommendation and does resource reselection at timing of blue triangle in the figure. The newly selected resource might be collided with other transmission but at least the expected collision is avoided.
· Small overhead
As discussed above, this information is a kind of trigger and hence one or a few bits are sufficient as the information. In that sense, overhead is quite small and PSFCH-like mechanism can be reused. It seems that resource collision does not increase due to this mechanism.
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Fig.2: Type B as a trigger of resource reselection
Observation 4:
· Resource reselection triggered by UE-A based on expected/potential resource conflict is beneficial.
· The benefit is NOT that actual data transmission is highly reliable in the reselection behavior BUT that the reselection is triggered to avoid expected/potential resource conflict.
Proposal 3:
· For Type B, information sharing of expected/potential resource conflict is supported.
· When UE-B receives the information, resource reselection is triggered.

At the previous RAN1 meeting, the following conclusion was agreed. They are details of inter-UE coordination, so the above reselection trigger should be discussed from these aspects. For better readability, the above inter-UE coordination mechanism is called as Reselection trigger.
	Conclusion:
· For the schemes of inter-UE coordination identified as feasible/beneficial, at least the following aspects are further discussed.
· How/when UE-A determines the contents of ”A set of resources”, including consideration of UL scheduling
· When UE-A sends ”A set of resources” to UE-B, including which UE(s) sends it
· How UE-A and UE-B are determined
· How UE-A sends ”A set of resources” to UE-B, including container used for carrying it, implicitly or explicitly or both
· How/when/whether UE-B receives “A set of resources” and takes it into account in the resource selection for its own transmission
· How/whether to define the relationship between support/signaling of inter-UE coordination and cast type


Q1: How UE-A and UE-B are determined
In Reselection trigger, UE-B is just a transmitter of a TB that reserves one or more resources for retransmissions of the TB. As UE-A, any UE would be the candidate but we prefer to restrict only receiver of the TB. Important thing is at the receiver, whether the transmission is collided or not. Other UE’s information would not be beneficial for this purpose.
Q2: How/when UE-A determines the contents of ”A set of resources”, including consideration of UL scheduling
Based on the concept of Reselection trigger, the timing is when UE-A detects resource conflict with the reserved resource. The following should be supported as the expected/potential resource conflict.
· PSSCH resource collision on the same time-frequency resource, reserved by UE-B and other UE
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.
Note that whether the trigger is transmitted anytime if collision detection is detected will be an issue in this mechanism. Further discussions/evaluations are required.
[image: ]
Fig.3: PSSCH resource collision
· 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)
· 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. 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.
[image: ]
Fig.5: TX/TX collision ((I) PSFCH vs PSFCH)
Q3: When UE-A sends ”A set of resources” to UE-B, including which UE(s) sends it
In Reselection trigger, the transmission should be determined based on the reservation signal from UE-B. The transmitted bit would be only one bit, so PSFCH-like mechanism seems the best option for better resource efficiency and less signaling latency. Therefore, the transmission timing is (pre-)configured as associations with PSCCH/PSSCH resources.
Q4: How UE-A sends ”A set of resources” to UE-B, including container used for carrying it, implicitly or explicitly or both
As mentioned in Q3, PSFCH-like mechanism is preferable. In Rel-16, PSFCH frequency resources are provided by sl-PSFCH-RB-Set-r16 a set of  PRBs. This means that several PRBs are remaining in the same symbol. These FDMed resources should be used for Reselection trigger. A new set of PRBs is (pre-)configured and same association rule as Rel-16 PSFCH is reused. 
Q5: How/when/whether UE-B receives “A set of resources” and takes it into account in the resource selection for its own transmission
Resource reselection is triggered at UE-B as the name suggests.
Q6: How/whether to define the relationship between support/signaling of inter-UE coordination and cast type
At least Reselection trigger is applied to unicast. For groupcast/broadcast, further discussions/evaluations are preferable since it is unclear whether such information from many UEs are beneficial or not.
The following illustration describes all of the above questions and answers on Reselection trigger.
[image: ]
Fig.6: Entire design of Reselection trigger
Proposal 4:
· For Type B of information sharing of expected/potential resource conflict to trigger reselection,
· UE-B is a transmitter of a TB with resource reservation. UE-A is a receiver of the TB.
Proposal 5:
· For Type B of information sharing of expected/potential resource conflict to trigger reselection,
· When UE-A detects an expected/potential resource conflict with a reserved resource by UE-B, UE-A transmits a resource reselection trigger.
Proposal 6:
· For Type B of information sharing of expected/potential resource conflict to trigger reselection, the conflict includes the following:
· PSSCH resource collision on the same time-frequency resource, reserved by UE-B and other UE
· 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
· TX/TX collision in time-domain at UE-A; (I) PSFCH vs PSFCH, (II) PSFCH vs UL
Proposal 7:
· For Type B of information sharing of expected/potential resource conflict to trigger reselection,
· A set of PRBs in the same symbol as Rel-16 PSFCH is (pre-)configured and associations with PSCCH/PSSCH resources are decided by the same way as Rel-16 PSFCH.
· A reselection trigger is transmitted on a resource corresponding to the PSCCH/PSSCH from UE-B.
Proposal 8:
· For Type B of information sharing of expected/potential resource conflict to trigger reselection,
· When UE-B receives the reselection trigger for a TB, UE-B performs resource reselection to transmit the TB.

2.3.3. Type C
Here the third scheme is discussed. In Type C, UE shares post-collision information; i.e., after resource collision happened, UE-A sends to UE-B information on the happened collision. The following are our views on Type-C.
· For unicast/groupcast option 2, Rel-16 HARQ feedback on PSFCH is a feature for this purpose. It is unclear whether or not distinction of decoding failure between due to noise and due to resource collision brings some benefit for retransmissions. Even when UE-B knows the reason of decoding failure at UE-A, it seems that there is no difference on retransmission behavior at UE-B. In that sense, Type-C is a mechanism for broadcast/groupcast option 1 and detection failure of cast-type.
· As groupcast option 1, NACK-only feedback on the shared resource is supported in Rel-16. Then Rel-16 with small enhancement can achieve collision indication.
· For broadcast, HARQ feedback is not supported in Rel-16. Collision indication would be beneficial. Meanwhile, the mechanism can be just the same as groupcast option 1. One resource is shared among UEs and any UE that detects the resource collision transmits NACK on the resource.
· Regarding a case of detection failure of cast-type, it seems that further study is necessary since the above mechanism of small enhancement to Rel-16 does not work well. For example, when the transmission is unicast from UE-B to UE-C but UE-A tries to receive it and detects only SCI-1. UE-A reports NACK similarly to above, but UE-B does not know which UE sends the information unless the resource is separately defined among UEs.
· [bookmark: _GoBack]We think that careful discussions/evaluations would be necessary for the above mechanism. The reason is that a few questions are still remaining in our understanding. Firstly, how does UE-A know the past resource collision? Pre-collision of Type-B is detected based on other transmissions e.g. resource reservation, but Type-Z would need to know the fact that collision happened from its reception. At least detection performance of SCI-2 is questionable when collision happened. Secondly, whether each decode is successful or failed is dependent on each RX-UE’s condition. Many UEs may succeed data decoding, in this case, only for a few UEs, retransmission should be processed? For example, if only one UE fails but UE-B does retransmission of broadcast or groupcast option 1, the performance gain is quite small while the retransmission could lead to further resource conflict.
Observation 5:
· Further discussions on post-collision indication, i.e. Type C, are necessary.
· It might be beneficial for broadcast/groupcast option 1, while similar/same mechanism as Rel-16 HARQ feedback can achieve this purpose.
· It is unclear that resource conflict is detected in sufficient probability.

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:
· Rel-16 resource allocation does not consider near-far problem. Selected resource based on channel quality at TX-UE might suffer from large interference at RX-UE. 
· Rel-16 resource allocation does not consider some TX/TX overlaps (e.g. PSFCH TX/PSFCH TX, SL TX/UL TX, SL RX/UL TX), which leads to performance degradation of reliability and latency.
Proposal 1:
· Resource allocation is 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:
· Resource selection based on shared information of ‘preferred/not preferred’ is not beneficial.
· Many aperiodic reservations between generating the information at UE-A and actual data transmission at UE-B are missed and hence ‘preferred/not preferred’ would be changed before actual data transmission at UE-B.
Proposal 2:
· For Type A/Type B, resource selection by using the shared information of ‘preferred/not preferred’ is not supported.
Observation 4:
· Resource reselection triggered by UE-A based on expected/potential resource conflict is beneficial.
· The benefit is NOT that actual data transmission is highly reliable in the reselection behavior BUT that the reselection is triggered to avoid expected/potential resource conflict.
Proposal 3:
· For Type B, information sharing of expected/potential resource conflict is supported.
· When UE-B receives the information, resource reselection is triggered.
Proposal 4:
· For Type B of information sharing of expected/potential resource conflict to trigger reselection,
· UE-B is a transmitter of a TB with resource reservation. UE-A is a receiver of the TB.
Proposal 5:
· For Type B of information sharing of expected/potential resource conflict to trigger reselection,
· When UE-A detects an expected/potential resource conflict with a reserved resource by UE-B, UE-A transmits a resource reselection trigger.
Proposal 6:
· For Type B of information sharing of expected/potential resource conflict to trigger reselection, the conflict includes the following:
· PSSCH resource collision on the same time-frequency resource, reserved by UE-B and other UE
· 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
· TX/TX collision in time-domain at UE-A; (I) PSFCH vs PSFCH, (II) PSFCH vs UL
Proposal 7:
· For Type B of information sharing of expected/potential resource conflict to trigger reselection,
· A set of PRBs in the same symbol as Rel-16 PSFCH is (pre-)configured and associations with PSCCH/PSSCH resources are decided by the same way as Rel-16 PSFCH.
· A reselection trigger is transmitted on a resource corresponding to the PSCCH/PSSCH from UE-B.
Proposal 8:
· For Type B of information sharing of expected/potential resource conflict to trigger reselection,
· When UE-B receives the reselection trigger for a TB, UE-B performs resource reselection to transmit the TB.
Observation 5:
· Further discussions on post-collision indication, i.e. Type C, are necessary.
· It might be beneficial for broadcast/groupcast option 1, while similar/same mechanism as Rel-16 HARQ feedback can achieve this purpose.
· It is unclear that resource conflict is detected in sufficient probability.
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