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[bookmark: _Hlk47602131]Introduction
RAN1 has been studying resource allocation for reliability and latency enhancements. Different categories were identified in RAN1 103-e 
The agreements made in RAN1#102-e meeting for Release-17 NR sidelink reliability enhancement are as follows:
[bookmark: _Hlk57107798]Agreement:
· 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

Agreement:
· 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

In this contribution, we present proposals on how to implement designs according to the above agreements for the Mode 2 reliability and latency enhancement objective.
[bookmark: _Ref68553628]Processing Delay as a Cause of Resource Conflicts
Resource collisions between transmissions occur when one UE is unaware of another UE’s transmission. This could occur in an initial transmission, which is sent unreserved in NR sidelink, or even in retransmissions, which are reserved. Further explanations and an illustrative example are provided in Appendix C
[bookmark: _Toc68617797]Observation 1: Collisions occur due to many factors, e.g., hidden-node, undecodable control information, half-duplex, resource selection timeline constrains and randomly selecting the same resource for an initial transmission.
Resource collisions can be detected either before they occur or after. Pre-collision detection is based on decoding the future-reservation information in SCI-1 of both transmissions. A UE can decode two SCIs and if they reserve overlapping resources, a collision is detected. Pre-collision indication can use PSFCH resources.
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Figure 1: Processing timeline, avoidable conflict
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[bookmark: _Ref61876832]Figure 2: Processing timeline, unavoidable conflict.
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Figure 3: Processing timeline with Inter UE coordination, avoidable conflict.
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[bookmark: _Ref61877655]Figure 4: Processing timeline with Inter UE Coordination, unavoidable conflict.
One main source of such colliding is the processing timeline of resource selection mechanism. This timeline introduces the following delays:
i) Resource reservation processing delay : this is the time delay between when the resource reservation is signalled in SCI-1 until the earliest time when the sensing UE can make use of that information in its resource selection process. This is the time needed for the UE to perform SCI decoding, extracting resource reservation information, and update the reservation information in its internal database. 
ii) Resource selection processing delay : this is the time needed for the UE to perform all the steps specified in Section 8.1.4 of TS 38.214 to form a resource candidate set based on its internal database. Randomly select resources in the candidate set to form an autonomous grant and preparing encoded packet to send on the autonomously granted resources. 
iii) Inter-UE coordination message delay: This delay depends on the size and container of the coordination messages. As analysed in Section 4 for resource information sharing, this delay includes the processing delay at the forwarding UE, channel accessing delay to transmit the Inter-UE coordination message forwarding message and the processing delay at the sensing UE to decode and process the message. We can denote this delay by .
If the sensing UE can decode the original SCI where the reservation information is conveyed, a collision can still happen if the other UE send the SCI less than  from this UE transmission as shown in Figure 2. If the UE cannot decode the original SCI, and has to obtain such information via inter UE coordination mechanism, a collision can still happen if the other UE send the original SCI less than  from this UE transmission time as shown in Figure 4.
Take 30kHz sub carrier spacing as an example and assume =  based on analysis in Section 3, e.g. we assume that transmit preparation time and reception processing time of reservation forwarding message is the same as normal PSCCH and PSSCH transmission and that channel accessing delay for reservation forwarding message is at least 0. The total delay for reservation from hidden nodes is at least around 15 slots ( slots and  slots-e.g. less slot boundary alignment), assuming MAC CE is used to forward reservation information. Considering UE can only reserve at most 32 slots in the future for retransmission of the same packet, we expect timeline delay will be one of the main reasons for resource collision in the system. Pre-collision notification is the right tool to address this type of collision and should be supported.
On the other hand, it will also be beneficial to introduce shorter timeline for UEs supporting high reliability communication, based on the above analysis.
[bookmark: _Toc68617798]Observation 2: UE processing timeline can be a major source of reservation conflict in high reliability regime.
[bookmark: _Toc68617799]Observation 3: Shorter processing timeline can help addressing processing timeline delay induced reservation conflicts. 
[bookmark: _Ref61877781]Resource Conflict Indicators (Type C)
Resource conflicts could be a resource collision in the past, a resource collision in the future, or a half-duplex conflict. RAN1 agreed to classify future resource collisions as part of Type B inter-UE coordination schemes, further discussed in Section 4.1, and to classify past collisions and half duplex conflicts, called collectively conflicts, as part of Type C inter UE coordination schemes. This section discusses the details of Type C inter-UE coordination.
[bookmark: _Toc68617800]Observation 4: A resource conflict may be any one of the following: a past collision, a possible future collision or half-duplex conflict.
Post-collision detection relies on a UE receiving the colliding PSCCH. After detecting a collision, which could be between two PSCCHs or a PSCCH and a PSSCH, a UE can send an inter-UE coordination message indicating the collision. This can be achieved by sending NACK feedback.
[bookmark: _Toc68617801]Observation 5: A UE can detect and indicate colliding transmissions after they occur based on receiving PSCCH.
When a UE receives a post-collision indication that one of its transmissions overlapped with another, it can perform a retransmission.
Another aspect that can be addressed by the same indication mechanism as post-collision is half duplex conflicts; for example, when two UEs transmit at the same time, but not necessarily on overlapping RBs. If those two UEs want to communicate with each other, then both will need to retransmit. A third UE detecting this conflict can send NACK feedback to both UEs and trigger a retransmission. To avoid introducing many retransmissions that could congest the system, conflict indicator transmission could be limited by the system load.
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[bookmark: _Ref47604029]Figure 5 Half duplex and post-collision indication.
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[bookmark: _Ref47604519]Figure 6: Timeline of post-collision and half duplex indication and UE reaction.


[bookmark: _Toc68617802]Observation 6: A UE can detect that two UEs suffered from a half-duplex conflict after the transmissions occur based on receiving PSCCH.
Half-duplex and post-collision indication and the associated UE action is shown in Figure 5 and a timeline is shown in Figure 6.
[bookmark: _Toc68617803]Observation 7: When a UE receives post-collision or half duplex indication, it can retransmit the conflicting transmission and recover from the collision or conflict.
For post-conflict indication to be effective, low latency is required so that the transmitting and receiving UEs do not flush their buffers.
[bookmark: _Toc68617804]Observation 8: Conflict indication should have low latency to maximize effectiveness.
Conflict indication is important to address persistent collisions where a UE is unaware that its transmissions are persistently colliding or coinciding with another UE’s. When such a UE receives a post-conflict indication, it can continue with retransmission and recover from persistent collisions.
[bookmark: _Toc68617805]Observation 9: Conflict indication can also help the UE to avoid persistent packet losses.
From the above discussion, it can be seen that conflict indication enables the inter-UE coordination framework to recover from conflicts that occurred. We therefore propose to adopt conflict indication as part of Mode 2 reliability enhancements.
[bookmark: _Toc68617806]Observation 10: Inter-UE coordination can be used to recover from collisions or half duplex.
[bookmark: _Toc68617817]Proposal 1: Support conflict indicators (Type C) to enhance Mode 2 reliability, where a conflict could be a collision or a half-duplex conflict.
Collision and conflict indications need to be transmitted with low delay so that the UEs receiving the indication can have sufficient time to react to it by scheduling a retransmission. Thus, it is beneficial to transmit them over the PSFCH. This could be either using the PSFCH resources not used for feedback transmissions, or using the ones used for PSFCH transmission and associated with one or all the UE-s involved in the conflict.
It should be noted that using PSFCH resources does not limit the applicability of conflict indicators to only transmissions with feedback. The same mapping rules between a transmission and its PFSCH can be in such cases, e.g. broadcast.
[bookmark: _Toc68617807]Observation 11: Conflict indicators are applicable to transmissions with and without feedback. 
Further, resource conflict indications can provide additional gain in reliability when used with resource information sharing (discussed in Sec. 4) as in certain scenarios, if the transmission timeline has strict timing constraints, the UEs sharing or receiving the resource information may not be able to react to the conflict event in time.
[bookmark: _Ref61622567]Sharing of Resource Information
Sensing information at a UE could be incomplete due to power savings, half-duplex, or other impairments. If a UE receives sensing information from another UE, this information could be utilized for resource selection. With more complete sensing information, the UE can make a more informed decision when selecting its resources, avoiding collisions with other UEs’ transmissions and improving performance. As with using inter-UE coordination to indicate collisions, shared sensing information needs to have low latency to be effective.
In addition to collision and sensing information, UEs can share resource preference information. For example, a UE could share a set where it is unable to receive due to half-duplex constraint. Other UEs would use this information and incorporate it into their resource selection to better communicate with this UE. Similarly, a UE could share a set of preferred resource that it would like other UEs to choose from. 
We note that sharing of preferred resources might not be beneficial to broadcast or groupcast transmissions. The UEs are distributed and the observations on preferred resources from one UE might not be applicable at another receiver. For example, a preferred resource of one UE could cause a half-duplex conflict at another.
Furthermore, when sharing preferred resources is employed, an open question is whether transmitter UE still need to use its own sensing result. Utilizing some sensing information at the transmitter side could be beneficial to avoid excessive cross-link interference. This is an important issue in mixed unicast/groupcast scenarios where transmitting on resources favourable to a unicast link may cause significant crosslink interference to another groupcast transmission. Same thing can be applied to mixed unicast/broadcast scenario. 
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Figure 7: Resource Information Forwarding Timeline
Another important aspect in sharing resource information is the associated delay. In general, after SCIs are received, a UE needs time to extract reservation information; processing to decide which resource reservation information need to be forwarded to which other UEs; prepare the container to send the resource reservation information; find the resource to send the container. At the receiving end, the UE need to decode the container, extract the forwarded reservation information, and apply the information to its own resource selection procedure. A first order analysis of each of the delay components follows:
1. Extract reservation information after original SCI is received: denoted by , this is similar to  in nature.
2. Processing to decide which resource reservation information needs to be forwarded to which other UEs; prepare the container to send the resource reservation information: denoted by , this is similar to  in nature.
3. Find the resource to send the container: this is dependent on the particular forwarding scheme. The delay can vary from 0 slot (e.g. immediate forwarding using dedicated resource) to very large (e.g. multiplexing with existing data). It is also worthwhile to note that this is not a systematic delay. Some UE may experience long channel access delay, but some other UEs may not depend on the local resource availability. For this reason, we denote this term as . Optimizing this channel access delay is finding the best trade-off between the delay and the resource overhead.
4. Extract the forwarded reservation information: denoted by , this is similar to  in nature if the reservation is conveyed in SCI-2 or SCI-1. If the information is included in MAC CE,  is expected to be at least 3 milliseconds. If the information is included in RRC message, is expected to be at least 5 milliseconds.
The extra delay introduced by resource reservation forwarding mechanism could be significant, considering that UE can only reserve up to 32 slots in the future for a retransmission of the same packet. In order to enable maximum benefit from resource reservation forwarding, additional techniques need to be introduced to address this delay. These techniques include a tighter timeline, using dedicated resources for information forwarding, and pre-collision indication. The first is discussed in Section 2 and the latter two are discussed in this section as part of a proposed Type B scheme.
[bookmark: _Ref68613271]Sharing of Non-preferred Resources (Type B)
In our earlier contribution [3], we discussed the performance of a Type-B inter-UE coordination scheme where we noted that performance was limited by the latency of that scheme, even under ideal assumptions on transmission and reception of the coordination message. In this section, we present the details of a realistic implementation of Type-B inter-UE coordination. Performance results are presented in Section 6.
The proposed Type B scheme consists of four main components:
1. Dedicated coordination resources. This contrasts with the scheme described in [3] that multiplexed coordination information with data transmissions to reduce overhead.
2. Initial transmission reservation.
3. Pre-collision indication.
4. Reception reservation forwarding.
As discussed in earlier sections, the delay associated with disseminating coordination messages plays an important role in limiting the usefulness of inter UE coordination. One way to alleviate this is to allocate a dedicated resource portion to this type of messages. Another benefit of dedicated resources is that the coordination message is guaranteed to not collide with data transmissions.
[bookmark: _Toc68617808]Observation 12: Using dedicated resources lowers the latency of transmitting non-preferred resource information.
When a UE has a packet to transmit and has already pre-selected resources, it can mark the first selected resource as a non-preferred resource for reception using an inter-UE coordination message transmitted in the earliest available dedicated coordination resource. This way, other UEs can avoid colliding with the initial transmission. The non-preferred resource information is available at other UE well ahead of time, potentially beyond the Release-16 reservation time-gap limit of 32 slots for aperiodic transmissions, allowing more time for other UEs to process and to forward this reservation information.
[bookmark: _Toc68617809]Observation 13: Indicating reservations for a UE’s own initial transmissions as non-preferred resources using inter-UE coordination  provides other UEs with more time to avoid this resource and to forward the information.
The third part of the proposed scheme is pre-collision detection, which relies on decoding PSCCHs that reserve conflicting resources. The detecting UE can then indicate the future conflict.
[bookmark: _Toc68617810]Observation 14: A UE can detect and indicate colliding transmissions before they occur using reservation information in SCI-1.
When a UE receives a pre-collision indication that one of its reservations will cause a collision, it can skip transmission on that resource and either continue to the next selected resource or reselect resources. A framework similar to pre-emption can be applied here where the pre-collision indictor can be viewed as pre-empting a transmission.
[bookmark: _Toc68617811]Observation 15: When a UE receives pre-collision indication, it can change its reservation and avoid the collision.
Figure 8 illustrates the process, action, and timeline of pre-collision indication.
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[bookmark: _Ref68555236]Figure 8: Pre-collision indication process and timeline.
Aside from initial transmission reservation and pre-collision indicators, a UE could also convey non-preferred resource information for transmissions from other UEs. From the point of view of the UE generating the coordination information, the most important transmissions from other UEs to protect are those for which it is an intended recipient. This information however is less important than the UE’s own initial transmission and pre-collision indication. To limit the number of inter-UE coordination messages in the system, information about other UEs’ reservations is only transmitted when the UE is also transmitting coordination information about its own initial transmission or pre-collision indication.
[bookmark: _Toc68617812]Observation 16: It is beneficial for the UE to include transmissions it intends to receive as non-preferred resources in a coordination message.
Inter-UE Coordination Mechanism
As discussed in previous sections, low latency is required to maximize the efficacy of inter-UE coordination information. A general signalling framework for inter-UE coordination schemes that relies on a triggers and associated responses is presented in this section.
Inter-UE coordination signalling can be triggered at a UE based on the locally available information or an event. To ensure that the inter-UE coordination information is not stale when received at other UEs, the transmission of the inter-UE coordination message should not be subject to resource reservation process and/or collision to the extent possible. One way to achieve these objectives is to use dedicated resources.
Figure 9 illustrates an example where UE-A is providing inter-UE coordination signalling based on a triggering event instead of an explicit request. The trigger could be a conflict, resource (re)selection, or a time instance for periodic transmissions of coordination information. Association between the trigger and the inter-UE coordination information would be implicit.


[bookmark: _Ref68597169]Figure 9: An example of inter-UE coordination signalling procedure triggered based on a locally available event.
[bookmark: _Toc68617818]Proposal 2: Use dedicated resources for inter-UE coordination signalling to reduce latency and improve reliability. 
[bookmark: _Ref68556862]Evaluation Results
We provide in this section evaluation results for the Type B and Type C techniques proposed in Sections 3 and 4.
· Type-B: Future reservations: 
a. Initial transmission reservation.
b. Pre-collision indication.
c. Reception reservation forwarding.
· Type-C: Past reservations:
a. Half duplex indication.
b. Post-collision indication.
For both schemes, we model resource overhead, transmission latency, and processing latency. More details on simulation assumptions can be found in Appendix A.
Figure 10 shows the performance of the Type B scheme, Type C scheme, and the combination of the two for periodic traffic using SPS reservations. Gains from Type B are cumulative to those from Type C and the combination provides better gain than either scheme on its own. In the urban scenario, where both half-duplex and hidden nodes are significant issues, the combination increases communication range by 60% compared to the Release-16 baseline at a PRR of 99%. In the highway scenario, the performance within the communication range is already good with NR Medium traffic and is largely limited by half-duplex, so the gain in range is 16% at a PRR of 99.5%. 
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[bookmark: _Ref62669236]Figure 10: Performance of Type-C, Type-B, and the combination of the two with periodic traffic. 
[bookmark: _Toc68617813]Observation 17: Introducing post collision indication and half duplex indication improves communication range by 60% at PRR of 99% and by 16% at PRR of 99.5% for periodic traffic in urban and highway scenarios, respectively.
In Figure 11, we show the PRR of the Type-C scheme and that of the new Type-B scheme when traffic is aperiodic. It can be observed that each scheme provides gains in a different range of PRR value. The figure also presents the performance when both Type-C and Type-B are adopted in the system. The results indicate that these schemes are complementary, as noted in our earlier contribution [3] but for an ideal Type-B scheme there. The cumulative range gain is 40% compared to Release-16 baseline at a PRR of 99%. This is a consequence of the two schemes addressing different impairments in the system.
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[bookmark: _Ref54363985]Figure 11: Performance of Type-C, Type-B, and the combination of the two in an urban scenario with aperiodic traffic
[bookmark: _Toc68617814]Observation 18: The combination of Type-C and Type-B inter-UE coordination increases communication range by 40% at PRR of 99% for aperiodic traffic in an urban scenario.
Highway scenarios tend to be less impacted than urban scenarios by issues stemming from NLoS communications. This is reflected in Figure 12 where it can be observed that gains from Type C are largely in the half-duplex limited region and Type B improves performance in the remaining regions. The combination of Type B and Type C provides cumulative gains, with Type C enabling recovery from half-duplex conflicts. 
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[bookmark: _Ref68596681]Figure 12: Performance of Type-C, Type-B, and the combination of the two in a highway scenario with aperiodic traffic.
[bookmark: _Toc68617815]Observation 19: Type B improves communication range by 60% at PRR of 99% and Type C addresses half-duplex issues for aperiodic traffic in highway scenarios.
One benefit of Type-C is that it is a procedural change on the UE-A side only and does not require any new signalling design beyond what is in Release-16 and can therefore be understood by a Release-16 receiver. Because conflict indication can be implemented using existing NACK signalling on PSFCH, Release-16 UEs in a resource pool with Release-17 UEs transmitting conflict indication would also see an improvement to their performance. This is a result of the Release-16 receiving NACK and performing retransmission without needing to know whether this NACK was due to a conflict or failure to decode a TB.
shows the performance of Release-16 UEs in a resource pool that also has Release-17 UEs, where the Release-17 UEs perform inter-UE coordination using conflict indicators as NACK on PSFCH (Type C). The proportion of Release-17 UEs is varied from 5% to 20% and 40%. It can be observed that a 10% improvement in communication range at 99% PRR for Release-16 UEs can be achieved even when only 5% of the UEs in the resource pool are Release-17 UEs. This gain for Release-16 UEs increases to 25% when 40% of the UEs in the pool are Release-17 UEs.
[image: ]
Figure 13 Performance of Release-16 UEs in a resource with Release-17 UEs when the latter transmit conflict indicators on PSFCH using NACK.
[bookmark: _Toc68617816]Observation 20: The presence of Release-17 UEs indicating conflicts using NACK on PSFCH also improves the performance of Release-16 UEs in the resource pool even with a small proportion of Release-17 UEs in the pool.
From the results presented in this section, we observed that Type C and Type B are complementary in that they address a variety of performance impairments and provide cumulative gains. Based the combined gains of Type C and Type B schemes and the benefit to Release-16 UEs of Type C, we propose to adopt both schemes.
[bookmark: _Toc68617819]Proposal 3: Adopt both Type B and Type C inter-UE coordination schemes.
Conclusion
Observation 1: Collisions occur due to many factors, e.g., hidden-node, undecodable control information, half-duplex, resource selection timeline constrains and randomly selecting the same resource for an initial transmission.
Observation 2: UE processing timeline can be a major source of reservation conflict in high reliability regime.
Observation 3: Shorter processing timeline can help addressing processing timeline delay induced reservation conflicts.
Observation 4: A resource conflict may be any one of the following: a past collision, a possible future collision or half-duplex conflict.
Observation 5: A UE can detect and indicate colliding transmissions after they occur based on receiving PSCCH.
Observation 6: A UE can detect that two UEs suffered from a half-duplex conflict after the transmissions occur based on receiving PSCCH.
Observation 7: When a UE receives post-collision or half duplex indication, it can retransmit the conflicting transmission and recover from the collision or conflict.
Observation 8: Conflict indication should have low latency to maximize effectiveness.
Observation 9: Conflict indication can also help the UE to avoid persistent packet losses.
Observation 10: Inter-UE coordination can be used to recover from collisions or half duplex.
Observation 11: Conflict indicators are applicable to transmissions with and without feedback.
Observation 12: Using dedicated resources lowers the latency of transmitting non-preferred resource information.
Observation 13: Indicating reservations for a UE’s own initial transmissions as non-preferred resources using inter-UE coordination  provides other UEs with more time to avoid this resource and to forward the information.
Observation 14: A UE can detect and indicate colliding transmissions before they occur using reservation information in SCI-1.
Observation 15: When a UE receives pre-collision indication, it can change its reservation and avoid the collision.
Observation 16: It is beneficial for the UE to include transmissions it intends to receive as non-preferred resources in a coordination message.
Observation 17: Introducing post collision indication and half duplex indication improves communication range by 60% at PRR of 99% and by 16% at PRR of 99.5% for periodic traffic in urban and highway scenarios, respectively.
Observation 18: The combination of Type-C and Type-B inter-UE coordination increases communication range by 40% at PRR of 99% for aperiodic traffic in an urban scenario.
Observation 19: Type B improves communication range by 60% at PRR of 99% and Type C addresses half-duplex issues for aperiodic traffic in highway scenarios.
Observation 20: The presence of Release-17 UEs indicating conflicts using NACK on PSFCH also improves the performance of Release-16 UEs in the resource pool even with a small proportion of Release-17 UEs in the pool.

Proposal 1: Support conflict indicators (Type C) to enhance Mode 2 reliability, where a conflict could be a collision or a half-duplex conflict.
Proposal 2: Use dedicated resources for inter-UE coordination signalling to reduce latency and improve reliability.
Proposal 3: Adopt both Type B and Type C inter-UE coordination schemes.
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Appendix A: Simulation Assumption
Table 1: Urban 
	Sidelink Frequency 
	6GHz 

	Traffic models 
	Aperiodic traffic: Medium Intensity 
Inter-packet arrival time: 50 ms + an exponential random variable with the mean of 50 ms 
Packet size: Uniformly distributed between [200, 400, 600, 800, 1000, 1200, 1400, 1600, 1800, 2000] bytes 
Latency requirement: 50 ms 
Periodic traffic: Medium Intensity 
Inter-packet arrival time: 50 ms, 50% active UE
Packet size: 4 packets 800bytes + 1 packet 1200bytes 
Latency requirement: 50 ms 



	Simulation Environment 
	Urban 

	UE Drop and Mobility 
	Urban:  


	Number of Tx/Rx Antenna elements 
	1Tx/2Rx 

	Antenna Models 
	Option 1 

	SL Simulation BW 
	40MHz 

	SCS
	30 kHz

	Pathloss, shadowing, blocking and dual mobility models 
	Enabled (as per TR 37.885) 

	Number of Transmissions
	1 Initial Transmission + up to 3 HARQ retransmissions

	T_3 (timeline)
	2000 us

	Initial RSRP Threshold
	-100 dBm

	Communication mode
	Group cast option 1

	Required Communication Range
	60 meters

	Minimum number of available resources
	0.2

	Number of PSFCH sequence per RB
	3

	PSFCH resource association
	1RB corresponding to starting subchannel



Table 2: Highway
	Sidelink Frequency 
	6GHz 

	Traffic models 
	Aperiodic traffic: Medium Intensity 
Inter-packet arrival time: 50 ms + an exponential random variable with the mean of 50 ms 
Packet size: Uniformly distributed between [200, 400, 600, 800, 1000, 1200, 1400, 1600, 1800, 2000] bytes 
Latency requirement: 50 ms 
Periodic traffic: Medium Intensity 
Inter-packet arrival time: 50 ms, 50% active UE
Packet size: 4 packets 800bytes + 1 packet 1200bytes 
Latency requirement: 50 ms 



	Simulation Environment 
	Highway

	UE Drop and Mobility 
	Highway, 140km/h

	Number of Tx/Rx Antenna elements 
	1Tx/2Rx 

	Antenna Models 
	Option 1 

	SL Simulation BW 
	40MHz 

	SCS
	30 kHz

	Pathloss, shadowing, blocking and dual mobility models 
	Enabled (as per TR 37.885) 

	Number of Transmissions
	1 Initial Transmission + up to 3 HARQ retransmissions

	T_3 (timeline)
	2000 us

	Initial RSRP Threshold
	-100 dBm

	Communication mode
	Group cast option 1

	Required Communication Range
	Urban: 70 meters

	Minimum number of available resources
	0.2

	Number of PSFCH sequence per RB
	3

	PSFCH resource association
	1RB corresponding to starting subchannel



Table 3: Inter UE Coordination Delay and Overhead Assumptions
	SCI-1 content
	Normal reservation for inter UE-coordination message. In this case, it only reserve current transmission (subchannel 10, current slot). 


	SCI-1 size
	56 bits (including CRC)

	SCI-2 content
	Initial transmission reservation

	SCI-2 size  
	72 bits (including CRC)

	Beta  
	2.0 

	MAC-CE content
	Reservation forwarding entries. 

	MAC-CE size
	Variable, 6 bytes per each reservation forwarding entry. + 3bytes for CRC.

	Inter UE Tx processing 
	2000 us

	Inter UE Rx processing
	SCI-2 content: 500us
MAC CE content: 3000us



[bookmark: _Ref47681557]Appendix B: Issues Impacting Mode 2 Performance
For vehicular applications, the urban scenario is an important use case. Within urban scenarios, the NLOS link is the most challenging bottleneck. In particular, the communication link between 2 cars in NLOS conditions suffers heavily from the hidden node issue. To better illustrate the problem, let’s consider an example in Figure 14.
[image: ]
[bookmark: _Ref47623804]Figure 14. An Example of NLOS Hidden Node
In this example, let us assume d1 is 40 meters and d2 is 160 meters away from the crossroad. Due to NLOS path loss e.g. Figure 15, the first and second UE cannot receive SCI1 from each other (note that the Euclidian distance between UE1 and UE2 is around 165 meters). Even if they can, the measured RSRP will likely be below the configured exclusion RSRP threshold. As a result, transmissions from these 2 UEs are prone to collide with each other, regardless of reservation status.
[image: ]
[bookmark: _Ref47623914]Figure 15. Urban Pathloss Model
When transmissions from UE1 and UE2 collide, we plot the pathloss from a receiving UE3 for different position along the roads connecting UE1 and UE2 in Figure 16. Note that distance in the plot is the distance along the roads, not the Euclidean distance. In general, when distance is less than 40 meters, UE3 will be in the same horizontal road as UE1; and when the distance is larger than 40, UE3 will be in the same vertical road as UE2. In the righthand side is the corresponding SIR plot for the same scenario. 
[image: ][image: ]
[bookmark: _Ref47623945]Figure 16. Path loss Condition of A receiving UE in NLOS Hidden Node Scenario. Left-Pathloss to Each Transmitter. Right-SIR from First Transmitter.
We can observe from the plot that there is a discontinuity on path loss condition when UE3 turns from horizontal road to vertical road. The pathloss to UE1 increases by 20dB from 80dB to 100dB; and the pathloss to UE2 decreases by 27.5dB from 117.5dB to 90dB. As a result, the SIR drops by 47.5dB from 37 dB to -10dB. That is going from decodable at the highest MCS to undecodable even at the lowest MCS. 
This example highlights the importance of addressing the hidden node issue under urban scenarios. This aspect is fundamentally unavoidable without having inter-UE coordination. For this reason, we think that addressing the hidden node issue, especially in the urban scenario, should be a main focus point for Release-17 inter-UE coordination solutions.
[bookmark: _Ref61617989]Appendix C: Example for Resource Collision
Collisions with an unreserved transmission can occur due to the random nature of resource selection, in which two UEs could select overlapping resources. Collisions with a reserved transmission occur when a UE fails to receive or decode the SCI-1 containing the other UE’s reservation. This failure has many causes, for example, the hidden node problem discussed in Section 0, half duplex constraints, or processing timeline limitations.
Figure 17-a illustrates the case where UE0 and UE1 cannot reliably receive each other’s transmissions, including reservation information in SCI, but both UEs have unblocked LOS paths to UE2. In this case, UE0 and UE1 are unaware of each other’s reservations and could select overlapping resources, rendering UE2 unable to decode either transmission.
Figure 17-b and Figure 17-c show a UE1 that is unaware of UE0’s reservation because both reservations occur simultaneously, or there is insufficient time after UE0’s reservation for UE1 to incorporate it into its resource selection, respectively.
[image: ]
[bookmark: _Ref61617858]Figure 17 (a) Hidden node, (b) half duplex, (c) processing time
image1.png
Reservation

Reservation
Conflict
SCkrx

SCI processed

l Tproc,o + T3

Tproc,o T3




image2.png
Reservation

Reservation

SCl rx

SCI processed

lTproc, 0 + T3

T, T
proc,0




image3.png
Reservation

IUC = Inter UE Coordination
Reservation

SCl rx IUC rx

IUC processed

l Tproc,l) + T3

Trwa Ty




image4.png
Reservation

IUC = Inter UE Coordination .
Reservation

SCl rx IUC rx

IUC processed

L‘proc,o + T3 X
Trwa

T3




image5.png
Retransmit Retransmit

4

I Half-duplex indication I Post-collision indication
transmitted transmitted




image6.png
Processi T
o { Resource X
UE, T *

-|--of

UE, ———jPostcolisonindioaionticolisin)

Half-duplex indigation (otherwise)

Processing

—

,\_},‘m Y

UE s




image7.png
SCl rx IUC rx

SCl processed  IUC formed IUC encoded IUC processed
Trwaa Trwa,2 Trwa3 Trwa3

Trwa = Trwa,1 + Trwa 2t Trwa st Trwaa




image8.png
Change resource

I Pre-collision indication
transmitted

UE,
UE,

UE,

scy

—»Resource X Resource Y

TGrocessing pre-colision indication
¥

H ' Pre-collision indication





image9.emf
E0

Triggering event 

                

            

Proc. ime for UE A

                

            

IUC triggering for UEA

UE A͛s IUC in 

response to 

E0


E0
Triggering event

Proc. ime for UE A

IUC triggering for UEA
UE A’s IUC in response to E0



image10.emf
0 10 20 30 40 50 60

Distance(m)

0.94

0.95

0.96

0.97

0.98

0.99

1

P

R

R

Urban

Type B

Type B + C

Baseline

Type C


image11.emf
0 50 100 150 200 250

Distance(m)

0.97

0.975

0.98

0.985

0.99

0.995

1

P

R

R

Highway

Type B

Type B + C

Baseline

Type C


image12.emf
0 10 20 30 40 50 60

Distance(m)

0.92

0.93

0.94

0.95

0.96

0.97

0.98

0.99

1

P

R

R

Type B

Type B + C

Baseline

Type C


image13.emf
0 50 100 150 200 250

Distance(m)

0.93

0.94

0.95

0.96

0.97

0.98

0.99

1

P

R

R

Type B

Type B + C

Baseline

Type C


image14.emf
0 10 20 30 40 50 60

Distance(m)

0.94

0.95

0.96

0.97

0.98

0.99

1

P

R

R

 

(

R

1

6

 

D

e

v

i

c

e

s

 

o

n

l

y

)

100% Rel-16 UEs (Baseline)

95% Rel-16 UEs, 5% Rel-17 UEs

80% Rel-16 UEs, 20% Rel-17 UEs

60% Rel-16 UEs, 40% Rel-17 UEs


image15.png
Distance 2
crossroad

= o

di1

d2




image16.png
Pathloss (dB)

130

120

110

100

2

50

40

Pathloss Model for Urban Scenario

20

40

60 80 100 120 140 160
Euclidean Distance (meter)

180

200




image17.png
Pathloss (dB)

120

110

100

%

80

70

60

50

40

———UE3 1o UE1 PL
———UE31UE2PL

50

100
Road Distance (meters)

150 200





image18.png
80

60

SIR of UE3

X405
Y 9.874

X 40
Y3

50 100

Road Distance (meter)

150

200




image19.png
<Ts

Reservation Reservation
fromUEO from UED
Reservation Reservation
fromUEL fromUEL
Time Time
(b) (e)





