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1 Introduction
RAN#80 has approved a new SID for NR V2X [1]. One objective is to study how to support unicast, groupcast and broadcast over sidelink in NR, corresponding to the requirements set by SA1 in TR 22.886 [2] and TS 22.186 [3]:
	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


Additionally, an LS was sent to RAN2 in [4], providing the agreements RAN1 made in the last meeting on this objective.
In this contribution, we will discuss how to support unicast, groupcast and broadcast in NR sidelink from RAN2 perspective, by taking into consideration also the information provided in RAN1 LS [4].

2 Discussion
2.1 Need of unicast, groupcast and broadcast in NR sidelink
In LTE, V2X sidelink communication (both Rel-14 and Rel-15) only supports broadcast mechanism, and thus can be deployed to mainly support the V2X services with a basic set of requirements specified in [5][6]. However, there was no support for unicast or groupcast by LTE V2X in sidelink. 

By contrast, it is required by [1] that NR V2X needs to further support the advanced V2X services whose use cases and requirements are specified in [2] and [3]. Obviously, there are, according to [2][3], some use cases where the delivery of the messages for these advanced V2X services needs to be supported via unicast and/or groupcast in sidelink, e.g. Vehicle Platooning as defined below:
	SA1 TS 22.186
Vehicles Platooning enables the vehicles to dynamically form a group travelling together. All the vehicles in the platoon receive periodic data from the leading vehicle, in order to carry on platoon operations. This information allows the distance between vehicles to become extremely small, i.e., the gap distance translated to time can be very low (sub second). Platooning applications may allow the vehicles following to be autonomously driven.


Specifically, there are several types of messages that should be exchanged among all the members in the platoon. For instance, according to [2, 5.1.1], "To maintain distance between vehicles, the vehicles needs to share status information such as speed, heading and intentions such as braking, acceleration, etc."; as another example, to share some messages for platoon management, vehicles of the platoon "need to exchange information regarding when to take which road, whether to brake or accelerate and when", according to [2, 5.1.1]. To support these scenarios, groupcast should be supported among all platoon members. Also, it is described in [2, 5.1.1] that "the lead vehicle consume more fuel than other vehicles, sometime lead vehicle may request next vehicle to be a leader. This kind of communication can be done between the two vehicles without other vehicles’ involvement" in vehicle platooning, and is clearly a unicast case supported between the existing and next leader vehicles.

More importantly, the following requirements specified in [3] seems to indicate that the support of unicast and groupcast have already been mandatory requirements for NR V2X.

	SA1 TS 22.186
[R.5.1-004]
The 3GPP system shall be able to support message transfer among a group of UEs supporting V2X application.

[R.5.1-005]
The 3GPP system shall be able to support message transfer between two UEs belonging to the same group of UEs supporting V2X application.


Based on the above analyses, it is clear that unicast and groupcast need to be supported due to the use cases and service requirements for NR V2X. Hence, we propose that NR sidelink should support broadcast, as well as unicast and groupcast.
Proposal 1: NR sidelink should support all of unicast, groupcast and broadcast, from the perspective of both service requirements and use cases for NR V2X.
As for the unicast and groupcast services (e.g. vehicle platooning), it is difficult to guarantee that all the group members, or the two specific UEs involved in the communication, are always under the network coverage during travelling; as a result, it is unreasonable to restrict unicast and groupcast only applicable for the in-coverage UEs, but instead they should be supported in all the three scenarios of in-coverage, out-of-coverage and partial-coverage. When it comes broadcast, it is more necessarily supported for all these three scenarios, as broadcast is just the mechanism for a UE to disseminate messages that must be received by all the UEs in proximity, regardless of each UE's coverage status. 
Hence, we further propose that unicast, groupcast, and broadcast need to be all supported for in-coverage, out-of-coverage and partial-coverage scenarios.
Proposal 2: Unicast, groupcast, and broadcast should be supported for all of the in-coverage, out-of-coverage, and partial coverage scenarios.
Since, as per [2][3], different advanced V2X services might be applied for different use cases and thus require to be sent in different transmission manner, simultaneous unicast, groupcast and broadcast communication should be supported within one vehicle, in order for the vehicle to support multiple V2X services delivery at the same time. This should also be supported from RAN2 perspective. 
Proposal 3: RAN2 should support simultaneous unicast, groupcast and broadcast communications within the same vehicle.
2.2 Potential RAN2 impacts for the support of unicast, groupcast and broadcast
In LTE V2X, the requirements of reliability and latency of those basic V2X services are relatively loose: for example, 95% reliability requirement and 20 ms latency requirement [5] for suburban/major road. However, for the advanced V2X services to be supported by NR, there are more stringent requirements on reliability, latency and data rate as specified in [3]. For example, in advanced driving uses cases, a maximum of 3 ms end-to-end latency and 99.999% reliability should be supported. Also, the vehicle platooning cases require the reliability of up to 99.99%, with the data rate able to be as high as 65 Mbps as well [3]. Therefore, RAN2 should study potential mechanisms respectively for unicast, groupcast and broadcast, in order to support these stringent QoS requirements.

Particularly, a one-to-one connection is maintained between two UEs for unicast, and a specific group of UEs can be discovered for groupcast. Then, relying on such inherent characteristics of unicast/groupcast, the retransmission and feedback mechanism (e.g. HARQ feedback or ARQ) may be introduced to improve the reliability between the two UEs in unicast and/or the UEs within the same group. Also, the link quality in sidelink between the two UEs or a group of UEs might be obtained by gNB or UEs, so that some sorts of link adaptive mechanisms may be considered, e.g. parameter adaptations (e.g. MCS selection, beam selection, etc.) to improve data rate, or packet duplication configured/enabled based on actual link quality to improve reliability. To achieve the extremely low latency, grant free mechanism adopted in NR Uu to support URLLC services can also be applied in NR sidelink. So, RAN2 should study the potential L2 solutions for unicast and groupcast in NR sidleink, from the perspective of QoS support. 
Proposal 4: RAN2 to study the potential L2 solutions for the QoS support of unicast and groupcast in NR sidelink (e.g. HARQ feedback, ARQ, link adaptation, packet duplication, grant free, etc.), in order to satisfy the stringent requirements on reliability, latency and bit rate. 
By contrast, the broadcast mechanism in NR sidelink may also need to be improved on top of LTE V2X sidelink communication, in order to provide better performance, considering the QoS requirements of the advanced V2X service requirements. For example, in LTE V2X, blind retransmission mechanism with zero or one HARQ retransmission can provide coarse-grained reliability assurance. To support higher reliability levels, e.g., from 90% to 99.99%, a flexible retransmission time for blind retransmission can be considered.
Proposal 4a: RAN2 to study potential L2 enchantments for broadcast in NR sidelink on top of LTE-based V2X sidelink, in order to support related use cases with higher QoS requirements for NR V2X. 
Below, we further analyze potential RAN2 impacts that may be brought about by RAN1 LS in [4] with the following agreements/assumptions:

	RAN1 has started study on support of unicast, groupcast, and broadcast in NR sidelink as a part of the study item on NR V2X (RP-181480). After an initial discussion, RAN1 made the following agreements on how unicast, groupcast, and broadcast transmissions are decided and what information can be available in the physical layer:

· 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. 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


At the first place, RAN1 concluded/assumed that PHY layer needs to distinguish the data of unicast, the data of groupcast and the data of broadcast, with such distinction performed by the higher layers and informed to PHY. From RAN2 perspective, we think such distinction may also be preferable. Specifically, as discussed above, there could be some functionalities which can only be supported for groupcast and/or unicast but cannot be enjoyed by broadcast (e.g., ARQ); so the data of unicast, groupcast and broadcast may need to be distinghshed in the higher layers, which enables the data of each transmission manner to be configured with associated parameters (e.g. SLRB, PDCP/RLC entity, SL LCH, etc.) and thus served by corresponding functionalities. 

To this end, RAN2 is suggested to also confirm the need of differentiation among unicast, groupcast and broadcast from the higher layer perspective. 
Proposal 5: From RAN2 perspective, the differentiation of unicast, groupcast and broadcast is needed in RAN higher layers. 
As seen above, RAN1 in [4] also concluded/assumed that the destination group ID needs to be known for groupcast, whereas destination ID needs to be known for unicast in PHY. From RAN2 perspective, destination group ID/destination ID also needs to be visible in Layer 2. Specifically, as in LTE D2D, a ProSe Layer-2 Group ID or a ProSe UE ID is needed in L2 as the Destination Layer-2 IDs at the transmitter side to ensure that data targeting at the same group (for groupcast) or at a specific UE (for unicast) is multiplexed to the same MAC PDU, and prevent the data of different destinations from being encapsulated together improperly. Accordingly, at the receiver side, the Destination Layer-2 ID (more specifically, the 16 MSBs) carried in the MAC PDU is used with the purpose of L2 addressing and packet filtering, so as to guarantee the receiving UE to correctly receive only the data sent to the group it belongs to (for groupcast) or the data just sent to itself (for unicast), without a mistaken "interception" to other UEs. 
To this end, RAN2 is suggested to confirm that destination group ID for a specific group and destination ID for a target UE (e.g. similar to the ProSe Layer-2 Group ID or ProSe UE ID in LTE D2D) need to be visible Layer 2 for groupcast and unicast respectively.
Proposal 6: For groupcast and unicast, destination group ID for a specific group and destination ID for the target UE need to be visible in Layer 2 respectively, in order to direct the data to the correct target group members or correct target UE.
As per [4], RAN1 also made the assumption/conclusion that for a transmission for unicast or groupcast, UE has established the "Session" to which the transmission belongs. On NR Uu, "Session" typically means a PDU session, which is an association between the UE and a Data Network that provides a PDU connectivity service and contains multiple 5G QoS flows [7]. Session is not directly visible in the AS layers because the QoS flows belonging to this session have already been mapped to corresponding radio bearers by the RAN. In fact, the "session" RAN1 mentioned here seems more like a link connection established/maintained between the pair of UEs for unicast, and a group of UEs discovered for groupcast in sidelink. This may need to be first clarified by RAN2, in order to avoid potential ambiguities that might occur on what such session actually means in the future discussions.
Proposal 7: RAN2 to clarify that the "session" used in RAN1 LS refers to a link connection established/maintained between the two UEs for unicast, and a group of concerned UEs involved in groupcast. 
Recalling LTE D2D, for unicast, a discovery procedure may be performed by a UE to detect the target UE in proximity, before a one-to-one connection is setup between them [7]. In Rel-12/Rel-13 LTE D2D, the discovery procedures and messages, no matter for commercial use or PS use (e.g. group member discovery), are completely specified by SA2 in the upper layers and are transparent to the access stratum. The main reason for this is that in the earliest release for D2D (i.e. Rel-12), there had already been the discovery procedures and messages specified by SA2 for commercial use, so that in Rel-13 they could be directly extended to support the discovery for PS case in the upper layers. Another reason is that there has already been the dedicated transport channel, i.e. PSDCH, to carry sidelink discovery messages since Rel-12 D2D, which makes the AS layers only need to map the discovery messages onto PSDCH and transmit them with associated resource pools, without the need to know its contents or perform other procedures.  
In NR sidelink, things are a bit different, as we have not yet had "legacy" discovery procedures or related messages already existing. Also, whether still to support PSDCH in NR sidelink depends also on RAN1’s decision. As a result, new discovery procedure and messages may need to be introduced to NR. 

However, we think it is difficult for RAN to know when to trigger a discovery procedure and define the specific discovery messages whose contents are mainly those upper layer related information. Therefore, we think for unicast in NR sidelink, the discovery procedure and related messages are still up to the upper layers, for example, same as those in LTE D2D.
Proposal 8: For unicast in NR sidelink, discovery procedure and related messages are up to upper layers.
In LTE D2D, before one-to-one ProSe direct communication, the connection setup procedure is used to establish a secure direct link between two UEs [9]. Also, the procedures and related messages for one-to-one connection establishment/maintenance for unicast may also need to be studied in NR sideink. Similarly to discovery, we think they should be transparent to the AS and specified by the upper layer.
Proposal 9: For unicast in NR sidelink, one-to-one connection establishment procedure and related messages are left to upper layers.
It can be seen that the aspects discussed above for unicast, groupcast and broadcast in NR sidelink, e.g. Destination Layer-2 IDs, sidelink discovery, connection establishment, unicast/groupcast/broadcast distinction, etc., are also highly depending on SA2. Therefore, we propose to also send an LS to SA2, informing RAN2 agreements made towards these aspects which we think can be based on the related information in Proposal 5 to 9 (if agreeable). 
Proposal 10: Send an LS to SA2 on the RAN2 agreements made for groupcast and unicast in NR sidelink, including the following information:

· Whether a V2X packet should be transmitted via groupcast, unicast or broadcast need to be differentiated in the AS, with such differentiation informed to the AS by the upper layers. 

· For groupcast and unicast, destination group ID for a specific group and destination ID for the target UE need to be visible in Layer 2 respectively, and need to be provided by the upper layers. 

· For unicast, discovery and one-to-one connection setup related messages and procedures are up to upper layers and will not be specified in RAN. 
A draft LS is available in [10] based on above proposal 10, and RAN2 is suggested to discuss and approve it. 
3 Conclusion

In this paper, we highlighted our key proposals related to unicast, groupcast and broadcast for advanced NR V2X use cases, from RAN2’s point of view:
Proposal 1: NR sidelink should support all of unicast, groupcast and broadcast, from the perspective of both service requirements and use cases for NR V2X.
Proposal 2: Unicast, groupcast, and broadcast should be supported for all of the in-coverage, out-of-coverage, and partial coverage scenarios.
Proposal 3: RAN2 should support simultaneous unicast, groupcast and broadcast communications within the same vehicle.
Proposal 4: RAN2 to study the potential L2 solutions for the QoS support of unicast and groupcast in NR sidelink (e.g. HARQ feedback, ARQ, link adaptation, packet duplication, grant free, etc.), in order to satisfy the stringent requirements on reliability, latency and bit rate.
Proposal 4a: RAN2 to study potential L2 enchantments for broadcast in NR sidelink on top of LTE-based V2X sidelink, in order to support related use cases with higher QoS requirements for NR V2X. 
Proposal 5: From RAN2 perspective, the differentiation of unicast, groupcast and broadcast is needed in RAN higher layers.
Proposal 6: For groupcast and unicast, destination group ID for a specific group and destination ID for the target UE need to be visible in Layer 2 respectively, in order to direct the data to the correct target group members or correct target UE.
Proposal 7: RAN2 to clarify that the "session" used in RAN1 LS refers to a link connection established/maintained between the two UEs for unicast, and a group of concerned UEs involved in groupcast.
Proposal 8: For unicast in NR sidelink, discovery procedure and related messages are up to upper layers.
Proposal 9: For unicast in NR sidelink, one-to-one connection establishment procedure and related messages are left to upper layers.
Proposal 10: Send an LS to SA2 on the RAN2 agreements made for groupcast and unicast in NR sidelink, including the following information:

· Whether a V2X packet should be transmitted via groupcast, unicast or broadcast need to be differentiated in the AS, with such differentiation informed to the AS by the upper layers. 

· For groupcast and unicast, destination group ID for a specific group and destination ID for the target UE need to be visible in Layer 2 respectively, and need to be provided by the upper layers. 

· For unicast, discovery and one-to-one connection setup related messages and procedures are up to upper layers and will not be specified in RAN.
A draft LS corresponding to above proposal 10 is available in [10]. RAN2 is encouraged to discuss and approve it. 
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