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Introduction
A study item (SI) for NR V2X standardization (V2X phase 3) was approved in the RAN#80 meeting [1], and started its first meeting at RAN1#94 meeting in August of 2018. It officially ended at RAN1#96 meeting in February of 2019, and will continue its standardization activities as work item (WI) [2] from RAN1#96-Bis meeting in April of 2019. Based on the study outcome captured in TR 38.885, the WI is to specify radio solutions that are necessary for NR to support advanced V2X services (except the remote driving use case which was studied in TR 38.824) in addition to the services supported by LTE V2X. The NR V2X is complementary to LTE V2X, not a replacement of it, and support interworking with LTE V2X. In order to specify radio solutions for NR that meet the stringent requirements of advanced V2X services, there are still a lots of features necessary to be investigated, and it is expected that the specification of LTE sidelink and its standardization activities could be very good references that could give valuable insights into the NR sidelink design.
In the RAN1#96 meeting, aspects of sidelink resource selection and reservation for initial transmission and (re)-transmissions were discussed [3], and the following agreements related to NR V2X sidelink retransmission were made [4]:
	Agreements:
· Blind retransmissions of a TB are supported for SL by NR-V2X
· Details are for the WI phase

Agreements:
· NR V2X Mode-2 supports reservation of sidelink resources at least for blind retransmission of a TB
· Whether reservation is supported for initial transmission of a TB is to be discussed in the WI phase
· Whether reservation is supported for potential retransmissions based on HARQ feedback is for the WI phase



In the RAN1#96-bis meeting, the following agreements related to HARQ feedback for groupcast, which is necessary for NR V2X sidelink retransmission, were made [5]:
	Agreements:
· Confirm the following working assumption:
· When HARQ feedback is enabled for groupcast, support (options as identified in RAN1#95):
· Option 1: Receiver UE transmits only HARQ NACK
· Option 2: Receiver UE transmits HARQ ACK/NACK
· Note: RAN1 has not concluded the respective applicability of option 1 vs. option 2 yet
· Send LS to RAN2 to inform RAN1’s agreement on HARQ feedback for groupcast – draft LS to be prepared in R1-1905790 (Hanbyul, LGE)

Agreements:
· In HARQ feedback for groupcast,
· When Option 1 is used for a groupcast transmission, it is supported 
· all the receiver UEs share a PSFCH
· FFS: a subset of the receiver UEs share a PSFCH
· FFS: all or a subset of receiver UEs share a pool of PSFCH.
· When Option 2 is used for a groupcast transmission, it is supported 
· each receiver UE uses a separate PSFCH for HARQ ACK/NACK.
· FFS: all or a subset of receiver UEs share a PSFCH for ACK transmission and another PSFCH for NACK transmission
· FFS on which entity and how to allocate PSFCH resource to the receiver UE(s)
· FFS whether or not to additionally support a mixture of option 1 and option 2 for a groupcast transmission
· Note: Each PSFCH is mapped to a time, frequency, and code resource



In this contribution, we would like to mainly discuss NR V2X sidelink groupcast in the following aspects:
· HARQ feedback mechanism for NR sidelink groupcast
· Retransmission mechanism for NR sidelink groupcast

Discussion
NR V2X sidelink retransmission
It was agreed in RAN1#94-Bis meeting [6] that sidelink feedback control information (SFCI) is defined to at least include hybrid automatic repeat request (HARQ)-ACK, which is not supported in the LTE V2X broadcast but enables to prevent waste of sidelink resources due to unnecessary retransmissions. Then, in RAN1#95 meeting, the group further agreed to define a new sidelink channel called physical sidelink feedback channel (PSFCH) to convey SFCI for unicast and groupcast, and further agreed in the RAN1#96-bis meeting [5] to support two options for HARQ feedback, option 1 and option 2, as identified in RAN1#95 meeting. In the option 1, all receiver UEs share a PSFCH and transmit only HARQ NACK while in the option 2, each receiver UE uses a separate PSFCH for HARQ ACK/NACK transmission, which means that in the case of option 2, as the number of UEs in the group increases, the amount of PSFCH resources required for HARQ feedback increases. Therefore, the option 1 is particularly beneficial when the number of UEs in the group is large, and it can be also used for a small number of UEs. Option 2, on the other hand, may not be an appropriate choice if the number of UEs is large. Therefore, in our view, the option 1 should be prioritized at least when each UE in the group does not need to receive HARQ feedbacks transmitted by other UEs in the same group. 
Proposal 1: Regarding the applicability of option 1 and option 2 for groupcast HARQ feedback, we propose that option 1 be prioritized at least when each UE in the group does not need to receive HARQ feedbacks transmitted by other UEs in the same group.

Since the HARQ-ACK feedback has been introduced, it is necessary to discuss efficient retransmission protocols for unicast and groupcast and their associated HARQ feedback and resource allocation mechanisms during the WI. For retransmission in unicast, retransmission protocol with HARQ feedback seems to be somewhat straightforward since only one source UE (S-UE) delivers packet to the other destination UE (D-UE). On the other hand, some challenges are envisioned for groupcast where a S-UE communicates with a set of D-UEs in the same group simultaneously. For the groupcast, the simplest way of retransmission is that S-UE repeatedly multicasts packet for a predetermined number of transmissions without any HARQ-ACK feedbacks from D-UEs in the same group, which can minimize the implementation complexity. However, it is inefficient in terms of resource utilization in good channel condition since unnecessary retransmissions may lead to a waste of radio resources. 
For this reason, HARQ feedback plays a critical role in retransmissions. Figure 1 illustrates an example of how groupcast with the aforementioned HARQ feedback option 1 is performed. In this case, all D-UEs transmit only HARQ NACK using a shared PSFCH and S-UE performs retransmission only when HARQ-NACK is received from the D-UEs, which can avoid unnecessary retransmissions and minimize the radio resource usage for HARQ feedback.
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[bookmark: _Ref5033434]Figure 1 An example of conventional retransmission for groupcast with HARQ feedback option 1

However, if channel conditions between S-UE and D-UEs are constantly poor (e.g., deep fading), it is most likely that the S-UE will consistently fail on retransmissions. For example, in the case of platooning as shown in Figure 2 where all UEs in the group travelling in the same lane and the S-UE runs in front of the other UEs, the groupcast success probability may be seriously decreased due to blockage as the number of D-UEs in the group increases. Especially in FR2 band case, it could be more serious since the blockage loss by vehicles in this case is very significant.
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[bookmark: _Ref7798011]Figure 2 An example of groupcast in the case of platooning

For this reason, we propose considering a retransmission protocol that introduces retransmission UE selection in order to further improve the performance of retransmission. As shown in Figure 3, the basic idea of the retransmission method is to select the best UE for each transmission slot for retransmission, which can minimize the number of transmissions within a limited number of transmissions. After initial transmission, S-UE and D-UEs that successfully decoded the data in a past transmission are considered as candidates of retransmission UE (R-UE). More specifically, after initial transmission, if there is a UE that successfully received the packet and is most likely to more effectively transmit the packet through a retransmission to remaining D-UEs that have failed to receive the packet, the UE can be chosen to retransmit the packet, which can significantly increase the efficiency of the retransmission.
Proposal 2: We propose considering a retransmission protocol with R-UE selection in order to further improve the performance of retransmissions.
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[bookmark: _Ref521610668]Figure 3 An example of the proposed retransmission for groupcast

Although the proposed retransmission may require complicated resource allocation/management mechanisms and signaling as well as a new feature of HARQ-ACK feedback mechanism, it is definitely capable of preventing excessive retransmission as compared with retransmission without R-UE selection. In our view, for the proposed retransmission mechanism, it is necessary for all UEs to receive HARQ-ACK feedbacks from other UEs in the same group (e.g. using HARQ feedback option 2), which is one way to allow a UE that failed to receive a packet to be informed of which neighboring UEs successfully received the packet. Then, after measuring the RSRP of R-UE candidates, the UE can notify the S-UE and the R-UE of the best R-UE. To simplify the implementation, we can also consider utilizing location information (e.g. TX-RX geographical distance) of UEs instead of specifying complicated resource allocation/management mechanisms and signaling between UEs in the same group. With such information, R-UE selection can be simply done without the RSRP measurement of R-UE candidates by choosing the best R-UE closest to the UE itself. 
Observation 1: In our view, for the proposed retransmission mechanism, it is necessary for all UEs to receive HARQ-ACK feedbacks from other UEs in the same group (e.g. using HARQ feedback option 2), which is one way to allow a UE that failed to receive a packet to be informed of which neighboring UEs successfully received the packet.
Proposal 3: We propose discussing possible resource allocation/management and signaling as well as a HARQ-ACK feedback mechanisms necessary for the proposed retransmission with R-UE selection.
Proposal 4: Location information (e.g. TX-RX geographical distance) can be used for R-UE selection.

Conclusion
This contribution has addressed some issues related to NR V2X sidelink retransmission, and made the following observation and proposals.
Observation 1: In our view, for the proposed retransmission mechanism, it is necessary for all UEs to receive HARQ-ACK feedbacks from other UEs in the same group (e.g. using HARQ feedback option 2), which is one way to allow a UE that failed to receive a packet to be informed of which neighboring UEs successfully received the packet.
Proposal 1: Regarding the applicability of option 1 and option 2 for groupcast HARQ feedback, we propose that option 1 be prioritized at least when each UE in the group does not need to receive HARQ feedbacks transmitted by other UEs in the same group.
Proposal 2: We propose considering a retransmission protocol with R-UE selection in order to further improve the performance of retransmissions.
Proposal 3: We propose discussing possible resource allocation/management and signaling as well as a HARQ-ACK feedback mechanisms necessary for the proposed retransmission with R-UE selection.
Proposal 4: Location information (e.g. TX-RX geographical distance) can be used for R-UE selection.
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