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1. Introduction
At the RAN1#103-e meeting [1], there were discussions on resource allocation for reliability and latency enhancements and the two conclusions were agreed below. In this contribution, we share our views on resource allocation for reliability and latency enhancements.
	RAN1#103-e
Conclusion:
· The schemes of inter-UE coordination in Mode 2 are categorized as being based on the following types of “A set of resources” sent by UE-A to UE-B:
· UE-A sends to UE-B the set of resources preferred for UE-B’s transmission
· e.g., based on its sensing result
· 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
· UE-A sends to UE-B the set of resource where the resource conflict is detected
· FFS: details of resource conflict, e.g., including type of resource conflict
· FFS: details of sensing operation at UE-A side
· FFS: which type(s) of resource set information is(are) beneficial/feasible to which cast type(s)
· Note: these different types may be used in combination with each other
· From RAN1 perspective, further study on the feasibility/benefit of inter-UE coordination is required
· Send an LS to RAN plenary
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
Is there an LS? Email approval till 11/17  latest draft LS is approved. Final LS in R1-2009841.



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 previous meeting, the above proposals were submitted and discussed, but the discussion was controversial and the final outcome was no agreement. To conclude study phase for reliability/latency enhancements, 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#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#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.
 [image: ]
Fig. 1: Hidden-node issue.
· 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.
[image: ]
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#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.
· 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/PSFCH 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/PSFCH TX overlaps result in degradation of reliability and latency performance in system level 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/PSFCH 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. This also causes performance degradation of SL. 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/PSFCH 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/PSFCH TX, SL TX/UL TX)

2.2. Analysis on categorized methods
To solve at least the above issues, three types of information sharing mechanisms were listed as captured on top of this contribution. In this section, we discuss which type should be specified.
2.2.1. Type-X: UE-A sends to UE-B the set of resources preferred for UE-B’s transmission
Here, the first scheme is called as type-X. In type-X, UE shares information of ‘preferred’ e.g. based on sensing result. We believe that type-X has the following two issues.
· Time gap between generating information of ‘preferred’ and actual transmission based on the information
In type-X, for example UE-A obtains at slot n some information of ‘preferred’. UE-A sends to UE-B some information at slot n+k1. Then, UE-B uses the information to select a resource at slot n+k1+k2. UE-B transmits data to the destination UE on the resource at slot n+k1+k2.
Even though the above procedure is applied, after slot n, other UE (UE-C) can reserve any resource including the resource shared to UE-B as ‘preferred’, which might not be detected by UE-B but be large interference to UE-A. This means that still resource collision could occur at the resource and ‘preferred’ resource might become ‘not preferred’. Accuracy of the information is low level. Hence, performance gain by type-X is questionable. If super low latency for type-X is possible, some gain could be expected. However, k1+k2, i.e. time gap between generating information of ‘preferred’ and actual transmission based on the information, would not be so small.
[image: ]
Fig. 4: Timeline example of type-X.
· Information overhead
If raw sensing information can be shared, UE-B can select resource based on channel condition at receiver side. On the other hand, raw sensing information is of course quite large amount, and thereby it reduces resource efficiency and would lead to more resource collisions. From this point of view, some kind of ‘quantization’ should be applied to sensing information. For example, preferred resource list based on its sensing result. However, it is unclear whether such a ‘quantized’ information is beneficial to achieve large gain for better reliability/latency. 
Based on the above analysis, we prefer not to specify type-X in Rel-17 SL.
Observation 2:
· Regarding information sharing mechanism that UE-A sends to UE-B the set of resources preferred for UE-B’s transmission, performance gain is questionable due to the following reasons:
· Not small time gap between generating information of ‘preferred’ at UE-A and actual transmission based on the information at UE-B
· Large information overhead or less usefulness of ‘quantized’ information
Proposal 2:
· Do not support the following mechanism in Rel-17.
· UE-A sends to UE-B the set of resources preferred for UE-B’s transmission.

2.2.2. Type-Y: UE-A sends to UE-B the set of resources not preferred for UE-B’s transmission
Here, the second scheme is called as type-Y. In type-Y, UE shares information of ‘unpreferred’ e.g. based on sensing result and/or expected/potential resource conflict. Regarding type-Y based on sensing result, we think it would not achieve large gain due to the same reason of the issues at type-X. On the other hand, type-Y based on resource conflict has the following positive aspects in our view:
· Effectiveness of the information on resource collision regardless of time required for sharing
As described for type-X, time gap between generating information of ‘unpreferred’ and actual transmission based on the information is not so small. However, in type-Y based on expected/potential resource collision, the time gap would not be a problem since the ‘unpreferred’ information is mainly used to decide whether resource reselection should be performed or not while ‘preferred’ information is used in resource selection. In other words, the main motivation of ‘unpreferred’ information based on expected/potential conflict is to avoid resource collision.
Of course, resource reselection performance would be the same as resource selection by using shared information in type-X; i.e. collision due to other UE’s transmission reserved after information sharing could occur. However, again, at least expected/potential resource collision can be avoided by type-Y. Performance gain from this avoidance is expected definitely.
For example, firstly UE-B reserves at slot n resource P of slot n+k1+k2. UE-A sends to UE-B at slot n+k1 the information that the reserved resource P is not preferred; e.g. due to also UE-C’s reservation of the resource P. Then, UE-B avoids to use the reserved resource P and reselects another resource Q. UE-B transmits data to the destination UE on the resource Q.
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Fig. 5: Timeline example of type-Y based on expected/potential resource collision.
· Small information overhead
Information of resource collision can be indicated by one or a few bits. For example, after receiving an indication of resource reservation from UE-B, information of ‘unpreferred’ to the reserved resource is transmitted to UE-B. In this case, only one bit information can be one possible mechanism.
Based on the above analysis, we prefer to specify type-Y based on resource conflict in Rel-17.
Observation 3:
· Regarding information sharing mechanism that UE-A sends to UE-B the set of resources not preferred for UE-B’s transmission, if the information is based on expected/potential resource conflict, sufficient performance gain can be expected due to the following reasons:
· Effectiveness of the information on resource collision regardless of time required for sharing
· Small information overhead
Proposal 3:
· Support the following mechanism in Rel-17.
· UE-A sends to UE-B the set of resources not preferred for UE-B’s transmission.
· The set of resources is determined based on expected/potential resource conflict.
· FFS: details of resource conflict

2.2.3. Type-Z: UE-A sends to UE-B the set of resource where the resource conflict is detected
Here, the third scheme is called as type-Z. In type-Z, UE shares post-collision information; i.e., after resource collision occurred, UE-A sends to UE-B information on the happened collision. The following are our views on type-Z.
· For unicast/groupcast, information relative past resource collision can be reported by SL HARQ feedback. In that sense, type-Z would be a mechanism only for broadcast or detection failure of cast-type.
· Considering broadcast or detection failure of cast-type, resource collision in type-Z would be the case that the same time-frequency resource is used by UE-B and another UE. Timing overlap with some UE’s TX or RX without using the same time-frequency resource should not be targeted since destinations of broadcast are many and unspecified UEs. Broadcast transmission does not consider only some of UEs. Similar things can be said for detection failure of cast-type.
· Based on the above assumption, type-Z in the following situation as example might be beneficial:
· Example 1: The case that UE-A receives from unknown UE (called as UE-Z) and detects only the SCI-1 but fails to decode the SCI-2 due to resource collision. In this case, only if UE-A transmits some broadcast data after the detection, UE-A transmits on the broadcast transmission the fact of the resource conflict. UE-Z may receive the information, and then it can do retransmission.
· Example 2: The case that UE-A receives and detects SCI-1/SCI-2, and notices that the transmission is broadcast and came from UE-B, but fails to decode the SL-SCH due to resource collision. In this case, if UE-A transmits some data to UEs including UE-B after the detection, UE-A sends on the transmission the fact of the resource conflict. UE-B may receive the information, and then it can do retransmission.
· [bookmark: _GoBack]However, it is unclear whether the above behaviour improves system performance. Firstly, how does UE-A know the past resource collision? Pre-collision for type-Y 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. 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, the performance gain is quite small while the retransmission could lead to further resource conflict.
Based on the above analysis, we prefer not to specify type-Z in Rel-17 SL, unless certain performance gain is presented from both each transmission perspective and system perspective.
Observation 4:
· Regarding information sharing mechanism that UE-A sends to UE-B the set of resources where the resource conflict is detected, whether sufficient performance gain can be expected or not is unclear due to the following reasons:
· Targeted situation should be broadcast or detection failure of cast-type. In this case, assumed type of resource conflict is that the same time-frequency is used by UE-B and another UE. Under this assumption,
· How to detect occurring this resource conflict is unclear.
· Performance gain from system perspective is unclear. For example, if only one UE fails data decoding but UE-B does retransmission, the gain is quite small while the retransmission could lead to further resource conflict.
Proposal 4:
· Do not support the following mechanism in Rel-17, unless certain performance gain is presented from both each transmission perspective and system perspective.
· UE-A sends to UE-B the set of resource where the resource conflict is detected.

2.3. Detailed mechanism of type-Y: information of ‘unpreferred’
To improve reliability/latency performance considering at least the above targeted situations, the following information should be supported as type-Y mechanism based on expected/potential resource conflict.
2.3.1. NG information against reservation
As type-Y based on expected/potential resource conflict, one or a few bits of NG information against reservation should be an aimed approach. When UE-A receives reservation information and notices expected/potential resource collision, UE-A indicates that the reserved resource should not be used. After reception of the indication, UE-B does resource reselection. In this case, the following types of expected/potential resource collision should be included:
i. PSSCH resource collision on the same time-frequency, reserved by UE-B and UE-C
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.
[image: ]
Fig. 6: PSSCH resource collision on the same time-frequency, reserved by UE-B and UE-C.
In this case, UE-A knows the resource collision that would be large interference each other. UE-A can request to change the resource to UE-B, and then UE-B can do resource reselection based on the information. Such a NG information against reservation does not require many information bits; only one or a few bits would be necessary. Note that in the example, if UE-B and UE-C are close to each other and transmit reservation at the same slot, the issue is half-duplex and the same UE-A’s behavior can be applied.
ii. TX/RX collision in time-domain, at UE-A; PSSCH vs PSSCH, PSFCH vs PSFCH, PSSCH vs UL
For example, at the left side of following figure, 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 is possible that UE-B’s reserved resource is overlapped with UE-A’s reserved resource in time domain. UE-A would transmit to UE-C while UE-A is requested to receive from UE-B at the same time.
Alternatively, TX/RX overlap of PSFCH can be mentioned here. PSSCH resources are not collided each other, but corresponding PSFCH resources are overlapped in time-domain. UE-A would receive from UE-C while UE-A is requested to transmit to UE-B at the same time. The right side of the illustration below explains this situation.
Another case is that PSSCH RX 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. However, UE-A is scheduled to transmit UL at slot n.
In these cases, UE-A knows the TX/RX conflict at the same time resource. UE-A can request to change the resource to UE-B, and then UE-B can do resource reselection based on the information.
[image: ]
Fig. 7: TX/RX collision in time-domain, at UE-A.

iii. TX/TX collision in time-domain, at UE-A; PSFCH vs UL
As illustrated in Fig. 3, 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. UE-A has multiple PSFCH transmissions in a PSFCH occasion, and each transmit power is reduced or some PSFCH is dropped.
Another case is that 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.
In the two cases, UE-A knows the overlap and can request to change the resource to UE-B, and then UE-B can do resource reselection based on the information.


Observation 5:
· NG information against a resource reservation information from UE-A to UE-B seems to be beneficial since UE-B is aware of expected/potential resource collision and does resource reselection.
Proposal 5:
· When UE-A receives resource reservation from UE-B, and UE-A detects expected/potential resource collision, then UE-A transmits an indication to UE-B.
· After reception of the indication, UE-B does resource reselection.
· Expected/potential resource collision is the following:
· PSSCH resource collision on the same time-frequency, reserved by UE-B and UE-C
· TX/RX collision in time-domain, at UE-A; PSSCH vs PSSCH, PSFCH vs PSFCH, PSSCH vs UL
· TX/TX collision in time-domain, at UE-A; PSFCH vs UL
· FFS: additional condition to transmit the indication
· FFS: details of the indication
· FFS: details of resource reselection behavior

2.4. 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.

Proposal 6:
· 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

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/PSFCH 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/PSFCH TX, SL TX/UL TX)
Observation 2:
· Regarding information sharing mechanism that UE-A sends to UE-B the set of resources preferred for UE-B’s transmission, performance gain is questionable due to the following reasons:
· Not small time gap between generating information of ‘preferred’ at UE-A and actual transmission based on the information at UE-B
· Large information overhead or less usefulness of ‘quantized’ information
Proposal 2:
· Do not support the following mechanism in Rel-17.
· UE-A sends to UE-B the set of resources preferred for UE-B’s transmission.
Observation 3:
· Regarding information sharing mechanism that UE-A sends to UE-B the set of resources not preferred for UE-B’s transmission, if the information is based on expected/potential resource conflict, sufficient performance gain can be expected due to the following reasons:
· Effectiveness of the information on resource collision regardless of time required for sharing
· Small information overhead
Proposal 3:
· Support the following mechanism in Rel-17.
· UE-A sends to UE-B the set of resources not preferred for UE-B’s transmission.
· The set of resources is determined based on expected/potential resource conflict.
· FFS: details of resource conflict
Observation 4:
· Regarding information sharing mechanism that UE-A sends to UE-B the set of resources where the resource conflict is detected, whether sufficient performance gain can be expected or not is unclear due to the following reasons:
· Targeted situation should be broadcast or detection failure of cast-type. In this case, assumed type of resource conflict is that the same time-frequency is used by UE-B and another UE. Under this assumption,
· How to detect occurring this resource conflict is unclear.
· Performance gain from system perspective is unclear. For example, if only one UE fails data decoding but UE-B does retransmission, the gain is quite small while the retransmission could lead to further resource conflict.
Proposal 4:
· Do not support the following mechanism in Rel-17, unless certain performance gain is presented from both each transmission perspective and system perspective.
· UE-A sends to UE-B the set of resource where the resource conflict is detected.
Observation 5:
· NG information against a resource reservation information from UE-A to UE-B seems to be beneficial since UE-B is aware of expected/potential resource collision and does resource reselection.
Proposal 5:
· When UE-A receives resource reservation from UE-B, and UE-A detects expected/potential resource collision, then UE-A transmits an indication to UE-B.
· After reception of the indication, UE-B does resource reselection.
· Expected/potential resource collision is the following:
· PSSCH resource collision on the same time-frequency, reserved by UE-B and UE-C
· TX/RX collision in time-domain, at UE-A; PSSCH vs PSSCH, PSFCH vs PSFCH, PSSCH vs UL
· TX/TX collision in time-domain, at UE-A; PSFCH vs UL
· FFS: additional condition to transmit the indication
· FFS: details of the indication
· FFS: details of resource reselection behavior
Proposal 6:
· 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
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