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1. Introduction
At the RAN1#102-e meeting [1], [2], there were first discussions on resource allocation for reliability and latency enhancements but no agreements were reached. In this contribution, we share our views on resource allocation for reliability and latency enhancements.

2. Discussions
2.1. 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 last meeting, the above proposals were submitted and discussed, but the discussion was controversial and the final outcome was no agreement. For discussions of what/how information is shared, targeted situations should be discussed again and concluded in this meeting.
We prefer to consider at least the following situations for resource allocation enhancements.
· 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#A transmits reservation information for resource X. UE#B receives it while UE#C does not due to long distance from UE#A. UE#C misunderstands that resource X is available, and both UE#A and UE#C transmits to UE#B 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.
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Fig. 1: Hidden-node issue.
· Near-far problem
This is similar to hidden-node issue; UE#C can receive UE#A’s reservation information but the power level is quite low. Meanwhile, UE#B receives the reservation information with high reception power. In this case, UE#C misunderstands that resource X is available, and both UE#A and UE#C transmits to UE#B via resource X. At UE#B, UE#A’s transmission can be detected in high quality, while UE#C’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.
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Fig. 2: Near-far problem.
· 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#A to UE#B, Rel-16 resource allocation mechanism at UE#A does not consider UE#B’s transmission timing. If UE#A does transmission to UE#B at a slot in which UE#B transmits to any UE, the UE#A’s transmission is failed. Rel-17 should enhance resource allocation mechanism to avoid this situation.
· 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. The detailed cases are the following for example:
· PSFCH TX/TX overlap. In Rel-16 SL, PSFCH TX could be overlapped with other PSFCH TX at a single UE. In this situation, the UE can transmit multiple PSFCHs but each transmit power could be decreased or some PSFCH transmissions could be dropped based on the overlapped number and priorities (see section 16.2.3 of 38.213). Such situation implies that HARQ-ACK is dropped and corresponding UE retransmits the TB. More data transmissions lead to more resource collisions; therefore, PSFCH TX/TX overlaps result in degradation of reliability and latency performance definitely. Note that transmission timing of each PSFCH is associated with PSSCH slot, which means that this overlap cannot be avoided by PSFCH TX-UE.
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Fig. 3: PSFCH TX/TX overlap.
· SL TX/UL TX overlap. In Rel-16 SL, there are two types of UEs: UE incapable of simultaneous transmissions of SL/UL, UE capable of simultaneous transmissions of SL/UL. For the first type, when a SL transmission is overlapped with a UL transmission, either transmission is prioritized and deprioritized transmission is dropped. SL transmission cancellation leads to degradation of reliability and latency performance. For the second type, i.e. UE capable simultaneous TX, SL/UL prioritization is applied and then the deprioritized transmit power is reduced so that the total power is not over upper limit. Note that some UL transmission timing (e.g. PUCCH with DL HARQ-ACK, PUSCH scheduled by dynamic grant) is uncontrollable.
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 1:
· 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 overlap (e.g. PSFCH TX/TX, SL TX/UL TX), which leads to performance degradation of reliability and latency.
Proposal 1:
· Resource allocation is enhanced to improve reliability and latency degradation due to at least the following:
· Hidden-node issue
· Near-far problem
· Half-duplex issue
· TX/TX overlap (e.g. PSFCH TX/TX, SL TX/UL TX)


2.2. Information sharing
To solve at least the above issues, the following information can be considered as shared information among UEs.
2.2.1. Information related to PSFCH TX or RX occasion
As abovementioned, PSFCH TX/TX overlap is unavoidable by PSFCH TX-UE. Resource allocation at data TX UE needs to solve this situation. Fig. 3 above illustrates this discussion. Here, there are three UEs: UE#1, UE#2, UE#3. UE#1 and UE#2 transmit data to UE#3. In Rel-16 mechanism, UE#1 and UE#2 do resource allocation with sensing each other to avoid collision of PSCCH/PSSCH resource. In the figure, UE#2 reserves a future resource by the previous transmission to UE#3, and UE#1 selects different resource for transmission to UE#3. However, UE#1 does not consider PSFCH TX/TX overlap in the resource allocation procedure. PSFCH TX corresponding to UE#1’s data transmission is overlapped with PSFCH TX corresponding to UE#2’s data transmission at the same PSFCH occasion in UE#3.
One possible approach is that UE#3 shares information related to PSFCH TX occasion. For example, how many PSFCH will be transmitted in each PSFCH occasion, which resource is not preferred in terms of PSFCH TX/TX overlap, etc. UE#1 in the figure below receives the information, and use it for resource allocation to avoid PSFCH TX/TX overlap at UE#3.
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Fig. 4: An example of enhancement – additional exclusion to avoid PSFCH TX/TX overlap.
Similar discussion is possible for PSFCH TX/RX overlap. In the same situation except that UE#1 transmits a TB to UE#2, even if UE#1’s data transmission is not collided with UE#2’s data transmission, the two corresponding PSFCHs are in the same PSFCH occasion. At the PSFCH occasion, UE#2 would transmit a PSFCH and would receive a PSFCH. For resource allocation enhancement on this issue, UE#2 can share information related to PSFCH RX occasion (it might be reservation information supported in Rel-16). UE#1 in the figure below receives the information, and use it for resource allocation to avoid PSFCH TX/RX overlap at UE#2.
Observation 2:
· Sharing PSFCH TX-related information or PSFCH RX-related information seems to be beneficial so that resource allocation is enhanced to avoid PSFCH TX/TX or PSFCH TX/RX overlap.

2.2.2. Information related to UL TX
As abovementioned, SL TX/UL TX overlap should be avoided. For this purpose, when a UE receives UL transmission trigger (e.g. UL grant, DL assignment), the UE can share the information related to future UL transmission. Details would be similar to information sharing for PSFCH TX/TX overlap which is discussed in the previous sub-section.
 Observation 3:
· Sharing UL TX-related information seems to be beneficial so that resource allocation is enhanced to avoid SL TX/UL TX overlap.

2.2.3. NG information against reservation
Sharing many information like which resources are preferred and not preferred would improve one-shot resource allocation procedure to solve the abovementioned issues, while such a large overhead will lead to consuming more resources. As the result, reliability and latency performance from whole system level might not be improved sufficiently.
Another approach would be resource allocation enhancement with only one or several bits information. For example, let us use the following figure as an example. UE#1 transmits a TB to UE#3 with resource reservation information of resource with yellow color. In addition, UE#2 transmits a TB to UE#3 via different resource with resource reservation information of the same yellow resource. UE#1’s position and UE#2’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 resource. (If the reservation information are transmitted from the same slot, the issue is half-duplex issue instead.) In this case,  UE#3 knows the resource collision that would be large interference each other. As an example, UE#3 can request to change the resource to UE#1, and then UE#1 can do resource reselection based on the information. Such a NG information against reservation does not require many information bits; only one or several bits would be necessary. 
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Fig. 5: An example of enhancement - NG information against reservation.
Observation 4:
· Sharing information with less payload size is one of the key parts to improve reliability and latency performance from system perspective.
· NG information against a resource reservation information seems to be beneficial so that UE is aware of resource collision due to hidden-node issue or near-far problem or half-duplex issue.

2.2.4. Information related to UE location
Near-far problem is related to UE location. For example, in the following figure, UE#3 suffers from large interference from UE#2 since the distance is small. UE#1 is far from them and not aware of the large interference at UE#3. In this case, UE#1’s transmission to UE#3 might be collided with UE#2’s transmission. 
To avoid this collision case, location-based information could be one possible option as shared information. UE#3 obtains UE#2’s location and if the location is close to himself, UE#3 informs UE#2 of the UE-ID. UE#1 can understand the large interference from UE#2 at UE#3, and avoid UE#3’s reserved resource regardless of the received power at UE#1. Rel-16 supports zone ID concept, which can be reused for this concept.
Discussed situation might be assumed as similar to the previous sub-section. Advantage compared to NG information against reservation would be less number of information sharing. Once UE#3 shares UE-ID of UE#2, UE-ID can consider the UE-ID in long term. 
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Fig. 6: An example of enhancement -.
Observation 5:
· Sharing information based on UE location seems to be beneficial so that TX-UE is aware of large interference at RX-UE that is not sufficiently observed at TX-UE due to near-far problem.


Based on the above observations in several sub-sections, we submit the following proposal.
Proposal 2:
· For information sharing to improve reliability and latency, the following are considered
· PSFCH occasion at which UE would transmit PSFCH
· PSFCH occasion at which UE would receive PSFCH
· UL channel/signal that UE would transmit
· NG information against a resource reservation information
· Information based on location of UE from which another UE suffers from large interference


2.3. Other mode 2 enhancements
From reliability and latency perspectives, there are several issues on Rel-16 resource allocation mode 2. The following topics should be discussed in this WI as well.
Selection of earlier resource from candidate resources
NR-SL Rel-16 supports only random resource selection from a set of resource candidates identified by sensing and exclusions. In our view, this random method degrades reliability/latency performance. For example, when the selection window is wide, the selected resource might be the last slot within the selection window. Alternatively, if selection window is narrower, the identified resource set could include resources suffered from higher interference. Reliability is sacrificed in this case. For better reliability and latency, selection of earlier resource was discussed but not agreed in Rel-16 without any technical issue. This agenda item should discuss selection of earlier resource again and support the mechanism.
Mixed mechanism of blind reTX and HARQ-based reTX
For NR-SL Rel-16, RAN1 discussed mixed mechanism of blind retransmission and HARQ-based retransmission but it was not supported due to the heavy workload. For better reliability/latency performance, we believe that this agenda item should discuss the mixed mechanism again and support it. The mechanism is motivated for example from the following situation: 
· UE#A would communicate with UE#B. UE#B is around coverage-limit from UE#A and at least two transmissions are necessary for each TB.
· If the mixed mechanism is allowed, UE#A transmits a TB at two consecutive slots. UE#B receives them and combines for decoding. After that, UE#B reports corresponding HARQ-ACK. If NACK is reported, UE#A retransmits the TB.
· But in Rel-16 mechanism, to enable HARQ feedback for a TB, all transmissions shall ensure each HARQ feedback timeline. UE#A transmits a TB at a slot, and then UE#A shall wait corresponding PSFCH before retransmission of the TB. Typically NACK is received in this assumed situation. Then UE#A retransmits the TB. This behavior means that latency performance will degrade due to waiting unnecessary feedback. In addition, more HARQ feedbacks lead to more PSFCH TX/TX or TX/RX overlaps. PSFCH overlaps would result in degradation of reliability performance as abovementioned.
Avoid repeated pre-emptions
In NR-SL Rel-16, pre-emption is supported in resource allocation mode 2 so that transmission with higher priority is prioritized than that with lower priority. One concern on this mechanism is that transmissions of a TB are pre-empted many times. Even if the transmission is associated with lower priority (high priority value), many times of pre-emptions result in over the PDB, which is undesirable from latency perspective. This repeated pre-emption situation would mainly occur when the resource pool is congested. Meanwhile, the situation could be possible when available resources are sufficiently identified. Mechanism to avoid repeated pre-emption should be discussed in this agenda item.
Proposal 3:
· For better reliability and latency, discuss the following enhancement on resource allocation.
· Selection of earlier resource from candidate resources
· Mixed mechanism of blind reTX and HARQ-based reTX
· Avoidance of repeated pre-emptions


3. Conclusion
In this contribution, we discussed resource allocation for reliability and latency enhancements. Observations/Proposals are summarized as following: 
Observation 1:
· 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 overlap (e.g. PSFCH TX/TX, SL TX/UL TX), which leads to performance degradation of reliability and latency.
Proposal 1:
· Resource allocation is enhanced to improve reliability and latency degradation due to at least the following:
· Hidden-node issue
· Near-far problem
· Half-duplex issue
· TX/TX overlap (e.g. PSFCH TX/TX, SL TX/UL TX)
Observation 2:
· Sharing PSFCH TX-related information or PSFCH RX-related information seems to be beneficial so that resource allocation is enhanced to avoid PSFCH TX/TX or PSFCH TX/RX overlap.
Observation 3:
· Sharing UL TX-related information seems to be beneficial so that resource allocation is enhanced to avoid SL TX/UL TX overlap.
Observation 4:
· Sharing information with less payload size is one of the key parts to improve reliability and latency performance from system perspective.
· NG information against a resource reservation information seems to be beneficial so that UE is aware of resource collision due to hidden-node issue or near-far problem or half-duplex issue.
Observation 5:
· Sharing information based on UE location seems to be beneficial so that TX-UE is aware of large interference at RX-UE that is not sufficiently observed at TX-UE due to near-far problem.
Proposal 2:
· For information sharing to improve reliability and latency, the following are considered
· PSFCH occasion at which UE would transmit PSFCH
· PSFCH occasion at which UE would receive PSFCH
· UL channel/signal that UE would transmit
· NG information against a resource reservation information
· Information based on location of UE from which another UE suffers from large interference
Proposal 3:
· For better reliability and latency, discuss the following enhancement on resource allocation.
· Selection of earlier resource from candidate resources
· Mixed mechanism of blind reTX and HARQ-based reTX
· Avoidance of repeated pre-emptions
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