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In RAN1#84, several issues relating to detection and handling of resource allocation and collision for V2V operating in mode 2 were discussed. Key observations captured in [1] were:
	Observations:
· The following issues can be considered for resource allocation for V2V mode 2. It does not mean that each issue requires a solution.
· Issue 1: SA resource selection
· Sensing is used if SA and the associated data are transmitted in the same subframe
· FFS between random and sensing if not
· Issue 2: How can a UE obtain information for identification of the resources that will be occupied and/or collided by the other UEs?
· Based on energy sensing, SA decoding, data decoding, assistance from eNB, or a combination.
· Issue 3: What does the UE do with this information?
· Based on energy sensing:
· Option 1: Resources with relatively low energy can be selected. Resources with relatively high energy are not selected.
· Option 2: To select resources that lead to FDM with resources on which high energy is observed.
· Based on SA decoding: UE avoids resources indicted by the decoded SA.
· Issue 4: Reselection
· Reselection may be triggered if UE recognises a problem in its resource selection. FFS the definition of this problem (e.g., resource collision).
· Reselection may be triggered periodically, randomly, or in a combination of the two.
· Reselection may be triggered by eNB instruction of geo-information.
· Reselection may be triggered if traffic characteristics is changed.
· Issue 5: Signalling to aid sensing
· E.g., reservation
· Issue 6: Priority
· Issue 7: Coexistence of mode 1 and 2
· Issue 8: How to determine the amount of resources to use


In this contribution, we discuss and propose resource structure that would allow signalling and detection of transmission collisions for better resource selection to avoid further collisions from multiple UEs.
Discussion
Based on results observations made in [2], PC5-based V2V performance is not meeting the recommended PRR (Packet Reception Reliability) requirement of 90% and 80% in [3] for urban cases with 60km/h speed at 150m range and some freeway cases at 320m range, respectively. Resource collision due to high traffic volume of V2V message transmissions is the major factor for this poor performance. To address this problem, as already captured in the previous section, a few possible collision avoidance mechanisms can be considered and one of which is via signalling from another UE.
2.1 Resource/transmission collision scenarios
1) Sidelink control collision scenarios
Typically, there are two types of sidelink Tx collision in autonomous resource selection (Mode2).
- Collision due to half-duplex constraint: When two UEs are in close proximity within each other’s range, their control channel (SA) transmissions could consistently collide with each other if they cannot hear one another’s SA transmission. And since their SAs are collided with each other, it is likely others cannot decode both SAs, and subsequently not be able to obtain their corresponding data resource allocation. In this case, their data transmissions are not decodable to anyone and only become interference to others.
- Collision due to hidden UE problem: When two UEs are not in each other’s range but they do share overlapping transmission area, it is clear they will not be able to detect each other’s presence/transmissions and thus may select same set of sidelink resources for their SA and/or data transmissions. In this case, their transmissions may collide consistently and other UEs within the overlapping coverage area could miss critical warning messages as shown in Figure 1.
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[bookmark: _Ref441217545]Figure 1: Transmission collision due to hidden UE problem.

2) Why detecting resource/transmission collisions in sidelink control (SA) instead sidelink data?
In general, collisions in SA transmission are not self-detectable due to the half-duplex constrain in sidelink communication. On the other hand, collisions in Data transmissions can be pre-detected in advance to large extend from reading other SAs. Therefore, it is more beneficial to resolve the collision issue in SA transmissions.
Observation 1: It is not possible to self-avoid Tx collisions in SA due to the half-duplex limitation. But potential collisions in data transmission can be pre-detected in advance to large extend from reading other SAs.
2.2 UE signalling/indication for resource collision detection
One method of detecting SA collisions is for the receiving UE(s) to indicate correct reception of the transmitted SA to the transmitting UE. In the absence of such indication, the transmitting UE can interpret its transmitted SA had not been received by others e.g. due to Tx collision or there is no surrounding UEs nearby and that results in its subsequent data transmission will not be heard.
In order to distinguish multiple indications of sidelink control information acknowledgement (SCI-ACK) intended for different SA transmitting UEs, SCI-ACK from receiving UEs should be unique and contain at least ID of the original SA transmitting UE and reception UE ID or of reception UE’s group ID which can be further channel encoded to form a unique sequence or orthogonally spread unique sequences that can be non-coherently detected.
Furthermore, a unique SCI-ACK indication when being sent from multiple receiving UEs belong to the same group is designed (i.e. timing advance adjusted) to reach the intended SA transmitting UE within a CP length making the SCI-ACK signal from multiple UEs appear as a multipath signal.
Proposal 1: UEs that correctly receive SCI transmissions should send SCI acknowledgement (SCI-ACK) indication to the original SA transmitting UE for the purpose of resource collision detection.
· SA transmitting UE that does not receive a positive SCI-ACK indication can interpret their SA has been collided with others and therefore postponing its data transmission on the current sidelink period.
2.3 Transmission of SCI-ACK indication
For SA receiving UEs to send the SCI-ACK indication described in Section 2.2, one or more SC-FDMA symbols can be allocated within the existing sidelink control resource pool and/or within the associated sidelink data resource pool.
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[bookmark: _Ref441222628]Figure 2: SCI-ACK symbol pool comprises of N number of SC-FDMA symbols within one SC period.
Within a SC period as shown in Figure 2, a new SCI-ACK SC-FDMA symbol pool for transporting SCI-ACK indications that is logically formed by N number of SC-FDMA symbols from one or more subframes is allocated after the SC resource pool. The SCI-ACK symbol pool is further partitioned into multiple SCI-ACK channels and indexed in such a way there exists a one-to-one association between a SA index in the SC resource pool and a SCI-ACK channel index in the associated SCI-ACK symbol pool i.e. knowing a SA with a particular index in the SC resource pool will point to SC-FDMA symbols and PBRs (frequency bins block) or associated orthogonal spreading code allocate for SCI-ACK channel with the corresponding index in the SCI-ACK symbol pool.
Proposal 2: Introduce a new configurable SCI-ACK SC-FDMA symbol pool within a SC period for transporting SCI-ACK indications from SA receiving UEs.
2.4 Collision handling after detection
SA collisions may happen fully or partially, where a “full collision” results in all colliding SAs using the same SA channel index are not decodable and a “partial collision” results in at least one SA is successfully detected by one or more receiving UE. By sending SCI-ACK indications from SA receiving UEs to assist the transmitting UE to realise if collision(s) has happened, for each successfully detected SA, a receiving UE responds with a unique SCI-ACK indication on the SCI-ACK channel with index corresponding to the sidelink control channel index on which it successfully detected the SA. As part of the SA collision detection and handling, after sending SCI on a selected SA index, SA transmitting UE monitor the associated SCI-ACK symbol pool and particularly on the SCI-ACK channel(s) corresponds to the SA index(s) on which the UE has just transmitted SCI. If the SA transmitting UE detects no SCI-ACK indication intended for it or detects SCI-ACK indications only for other SA transmitting UEs, it considers collision has happened and its transmitted SCI failed being detected and decoded by other UEs, and may further postpone its data transmission to the next available SC period or terminate the current data messages transmission where it is considered appropriate. Postpone or termination of data message transmission from a SA transmitting UE that does not receive any SCI-ACK indication will protect the V2V message transmission from other UEs in the associated data pools. On the other hand, upon detecting positive SCI-ACK indication intended for it, the SA transmitting UE considers no collision has happened and its transmitted SCI was successfully detected and decoded by receiving UEs, and proceeds to transmit its V2V message in the associated data resource pool.
Proposal 3: SA transmitting UEs should monitor SCI-ACK SC-FDMA symbol pool for its own SCI-ACK indications on channel index(s) correspond to the transmitted SA index(s).
· Upon no detection of any SCI-ACK indication or detection of SCI-ACK indication only intended for others, the SA transmitting UE should terminate its originally intended V2V data message transmission or postpone message transmission to the next SC period.
· Upon successful detection of positive SCI-ACK indication(s), the SA transmitting UE will proceed to transmit its V2V data message in the associated data resource pool.
Conclusion
In summary:
Observation 1: It is not possible to self-avoid Tx collisions in SA due to the half-duplex limitation. But potential collisions in data transmission can be pre-detected in advance to large extend from reading other SAs.
Proposal 1: UEs that correctly receive SCI transmissions should send SCI acknowledgement (SCI-ACK) indication to the original SA transmitting UE for the purpose of resource collision detection.
· SA transmitting UE that does not receive any SCI-ACK indication can interpret their SA has been collided with others.
Proposal 2: Introduce a new SCI-ACK symbol pool within a SC period for transporting SCI-ACK indications from SA receiving UEs.
Proposal 3: SA transmitting UEs should monitor SCI-ACK symbol pool for its own SCI-ACK indications on channel index(s) correspond to the transmitted SA index(s).
· Upon no detection of SCI-ACK or SCI-ACK intended to other, the SA transmitting UE may terminate its originally intended V2V data message transmission or postpone message transmission to the next SC period.
· Upon successful detection of positive SCI-ACK indication(s), the SA transmitting UE will proceed to transmit its V2V data message in the associated data resource pool.
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