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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The study item for NR V2X was approved [1] in RAN#80 and the objectives were identified:
	This study item includes the following objectives, considering in-network coverage, out-of-network coverage, and partial network coverage:

1: Sidelink design [RAN1, RAN2]:
	Identify technical solutions for a NR sidelink design to meet the requirements of advanced V2X services, including 
-	Study the support of sidelink unicast, sidelink groupcast and sidelink broadcast
-	Study NR sidelink physical layer structures and procedure(s)
-	Study sidelink synchronization mechanism
-	Study sidelink resource allocation mechanism (also including objective 3)
-	Study sidelink L2/L3 protocols
NOTE: Only the performance of advanced V2X use cases will be evaluated in the design of NR sidelink.



In the previous meeting in RAN1#94, the following agreements were made [2]:
· RAN1 assumes that higher layer decides if a certain data has to be transmitted in a unicast, groupcast, or broadcast manner and inform the physical layer of the decision. For a transmission for unicast or groupcast, RAN1 assumes that the UE has established the session to which the transmission belongs to. Note that RAN1 has not made agreement about the difference among transmissions in unicast, groupcast, and broadcast manner.
· RAN1 assumes that the physical layer knows the following information for a certain transmission belonging to a unicast or groupcast session. Note RAN1 has not made agreement about the usage of this information.
· ID
· Groupcast: destination group ID, FFS: source ID
· Unicast: destination ID, FFS: source ID
· HARQ process ID (FFS for groupcast)
· RAN1 can continue discussion on other information
· RAN1 to study the following topics for the SL enhancement for unicast and/or groupcast. Other topics are not precluded.
· HARQ feedback
· CSI acquisition
· Open loop and/or closed-loop power control
· Link adaptation
· Multi-antenna transmission scheme
[bookmark: _Ref129681832]The design of LTE V2X and D2D communications specifies only a broadcast mode of operation, which caters to the most important use cases of sidelink communications. However, advanced V2X use cases require unicast and multicast support. An example of an advanced use case includes platooning, where the platoon leader transmits groupcast messages to the members of its platoon. The platoon leader has to ensure that all platoon members receive messages correctly, especially for mission critical communications, such as emergency breaking or steering commands.
Furthermore, exchanging sensor data or camera footage among vehicles requires unicast communication. When sharing video feeds between two vehicles, a spectrally efficient transmission is critical, else bandwidth shortage would prevent reliable communications among the cars.
Hence, methods to support unicast and groupcast for V2X in a spectrally efficient and yet reliable manner have to be studied.

2 Challenges for Supporting Unicast and Groupcast in SL
V2X unicast and groupcast communications introduce different challenges to the PHY layer, predominantly in the Uu interface. Broadcast communications are based on best-effort service, whereas unicast communications, on the other hand, require reliability as well as spectral efficiency. The blind-retransmission mechanism used in LTE V2X and D2D can achieve a certain degree of reliability but is spectrally inefficient since the transmissions are always repeated, though in some cases, it may not be needed.
In V2X communications, the Downlink Control Information (DCI) message format 5A, sent from the BS to the UE, defines whether a packet has to be retransmitted. This is indicated by the parameter “Time gap between initial transmission and retransmission (SFgap)”. This parameter is further broadcasted by the transmitting UE to all receiving UEs using the Sidelink Control Information (SCI) message.
The SCI contains another parameter called “Retransmission index” to indicate as to whether the transmission is the initial one or retransmitted one. If it is set to 0, it indicates that it is the initial transmission, and if it is set to 1, it is the retransmission of the initial transmission after the SFgap. This is illustrated in Fig. 1.

[image: ]
Figure 1: Illustration depicting the Initial Transmission and Retransmission in V2X Broadcast Systems

In NR V2X unicast as well as groupcast transmissions, the same reliability has to be achieved in a much more spectrally efficient manner. 
Observation 1: Existing blind retransmission mechanisms in V2X broadcast are not spectrally efficient to support V2X unicast.

3 Potential Solutions for Unicast and Groupcast Support in SL
In contrast to V2X broadcast, different challenges arise for V2X unicast and groupcast transmissions. Exploiting the knowledge of the link conditions seen by the intended receiver in V2X enables the utilization of HARQ and link adaption mechanisms such as CSI reporting. This leads to greater spectral efficiency gains, as it is managed from the base station (along the Uu interface). Controlled SL communications between a receiver and a transmitter also enable higher reliability. Therefore, it is possible for the transmitter to determine whether the intended packet was received correctly. 
3.1 Link Adaptation
[image: ]
[bookmark: _Ref521329183]Figure 2: Link adaption based on CSI reporting on the V2X SL.
Link adaption can only be applied in a very limited manner for broadcast transmissions, since the receiver with the worst channel determines parameters such as the transmit power and MCS. The specific problem for broadcast transmissions stems from the fact that potential receivers are not a closed group. Hence, often it is unclear what the channel situation of potential receivers is and the worst case is always assumed. However, the setup changes for unicast drastically. Even for groupcast, for which we have a closed group of intended receivers, channels measurements and reporting mechanisms can be used to increase the spectral efficiency by adapting to the current channel situation, as is done for Uu links.
In the case of NR V2X Mode 1, the CSI can be directly reported by the destination UE to the gNB since the SL grant is issued by the gNB, as seen in Fig. 2. The report will provide the gNB with adequate channel information to make a well-informed choice about the resources, transmit power and MCS to be used between the UEs. At the same time, for example in a unicast communications case, the gNB can also adapt the grant such that the channel and resources being used by one unicast pair of UEs are not allocated to another pair, removing the chances of collisions and simultaneously providing the pairs with the best available channel.
In the case of NR V2X Mode 2, since the UEs autonomously select their resources, the destination UE can provide CQI feedback of the link conditions to the source UE. The source UE can then adapt the transmit power and MCS accordingly. The autonomous reselection of resources based on the feedback is tricky as the selection also needs to take sensing and collision avoidance into account.
Proposal 1: Study different CSI reporting mechanisms and its implications for in- and out-of-coverage NR V2X UEs.
3.2 HARQ for SL
[image: ]
[bookmark: _Ref521503772]Figure 3: HARQ in SL with direct feedback and detoured feedback via gNB.
In LTE Rel. 15 V2X, blind retransmissions were used to ensure the reliability of transmissions. However, the spectral efficiency is severely degraded by this approach. In the case of unicast transmissions, this drawback can be overcome by employing HARQ feedback. Even multicast transmissions could use a unicast retransmission mechanism to increase spectral efficiency.
Since SL communications can use different modulation schemes in a similar fashion to UL and DL communications, there are two main possibilities of incorporating HARQ feedback. As depicted in Figure 3, the feedback can either be relayed via the gNB or directly signaled to the source UE. Both scenarios have their justifications. Since SL transmissions for NR V2X Mode 1 UEs are scheduled by the gNB, providing the feedback directly to the gNB reduces the latency incurred as opposed to routing the feedback via the source UE. The gNB could further adapt the retransmissions based on link quality feedback, such as CQI reporting, in order to maximize the reliability.
However, in out-of-coverage scenarios, a direct feedback path between source UE and destination UE enables HARQ even for out-of-coverage V2X UEs. HARQ increases the spectral efficiency significantly, especially if CQI reporting is not available. Nevertheless, both possibilities with their advantages and disadvantages have significant implications on the design of SL in NR V2X, which should be studied by RAN1.
Proposal 2: Study the implications for introducing HARQ for unicast and groupcast in NR V2X.

gNB assisted SL HARQ mechanism for NR V2X Mode 1
For fully in-coverage scenarios, such as NR V2X Mode 1, a gNB assisted SL HARQ mechanism can be considered. The apparent advantage of such an approach is the better control of SL resources, since transmissions as well as retransmissions are scheduled by gNB which takes care of managing the SL resources. This mode of operation corresponds to the LTE V2X Mode 3. 
As depicted in the bottom part of Figure 3, providing the HARQ-ACK feedback to the gNB would be appropriate in this scenario, since the retransmission is scheduled by the gNB anyway. However, it has to be studied as to how the SL HARQ-ACK is multiplexed/transmitted to the gNB in the PUCCH or PUSCH together with the HARQ-ACK for DL. Especially, the study of the parameters required for associating the HARQ-ACK with the related transmission at the gNB is critical. This is required due to the scheduling of retransmissions by the gNB.

Proposal 3: Study gNB assisted SL HARQ mechanism for NR V2X Mode1.
Proposal 4: Study the required parameters to enable gNB assisted HARQ.

Autonomous SL HARQ mechanism for NR V2X Mode 1/2
In out-of-coverage scenarios, gNB assistance cannot be employed. However, especially in these scenarios where CSI might be harder to realize, HARQ can provide a significant gain in the spectral efficiency and reliability of transmissions. Direct feedback reporting on the SL to the source UE can be used to enable SL HARQ at least for NR V2X Mode 2. 
The main issue with this approach is where and how to transmit the HARQ-ACK. Several solutions could be adopted to support SL HARQ-ACK:
· HARQ-ACK over dedicated HARQ channel
· HARQ-ACK over PSCCH
· HARQ-ACK over PSSCH
A dedicated HARQ channel with a unique mapping of HARQ-ACK resources to PSSCH resources might provide a simple solution. However, it comes with a less efficient resource utilization since unused PSSCH resources also correspond to unusable HARQ channel resources. Transmitting the HARQ-ACK via PSCCH or PSSCH could achieve a better resource utilization since there is no dedicated resource per PSSCH resource. However, collisions might degrade the reliability of this approach. 
A possible solution for the transmission of feedback is discussed in our accompanying contribution [3].
Proposal 5: Study direct HARQ-ACK reporting for at least NR V2X Mode 2.
Proposal 6: Study where and how to transmit HARQ-ACK in SL.

The usage of a unified HARQ scheme for both Mode 1 and Mode 2 operations would simplify the operations for UEs, but is not the most efficient scheme, given that Mode 1 UEs have the assistance of the gNB. Hence, it will be beneficial to study separate HARQ schemes for Mode 1 and Mode 2. 
Proposal 7: Study whether to employ different HARQ-ACK reporting schemes for Mode 1 and 2 or whether to support a single unifying scheme.

[bookmark: _GoBack]HARQ-less repetition for NR V2X Mode 2
In spite of the advantages of feedback-based transmissions, there exist use cases even for unicast communications where the blind retransmission mechanism could be applied as it is used in LTE V2X. This is true especially for delay critical messages that might require a high reliability within hard latency constraints which does not permit the use of HARQ feedback. For increasing the spectral efficiency of such a scheme, the number of repetitions is very vital. Hence, in contrast to LTE V2X, a configurable number of repetitions, such as blind k-repetitions for grant-free transmissions, depending on the reliability requirements of the message would introduce a spectral efficiency gain over a fixed number of blind retransmissions. To further enhance the spectral efficiency of the k-repetition scheme, explicit HARQ-ACK feedback can be used to reduce the interference and collision probability on the sidelink channel.
Proposal 8: Evaluate the suitability of blind retransmission mechanisms for NR V2X. 


4 Conclusion
The following observations are presented:
Observation 1: Existing blind retransmission mechanisms in V2X broadcast are not spectrally efficient to support V2X unicast.
In this contribution, we discussed potential solutions to support unicast and multicast in SL. We propose evaluating following topics in this SI:
Proposal 1: Study different CSI reporting mechanisms and its implications for in- and out-of-coverage NR V2X UEs.
Proposal 2: Study the implications for introducing HARQ for unicast and groupcast SL in NR V2X.
Proposal 3: Study gNB assisted SL HARQ mechanism for NR V2X Mode1.
Proposal 4: Study the required parameters to enable gNB assisted HARQ.
Proposal 5: Study direct HARQ-ACK reporting for at least NR V2X Mode 2.
Proposal 6: Study where and how to transmit HARQ-ACK in SL.
Proposal 7: Study whether to employ different HARQ-ACK reporting schemes for Mode 1 and 2 or whether to support a single unifying scheme.
Proposal 8: Evaluate the suitability of blind retransmission mechanisms for NR V2X. 
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