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1 Introduction

NR V2X study includes groupcast support. In this contribution, we discuss the design issues for groupcast in NR V2X sidelink communication.
2 Discussion
Groupcast, is a sort of multicast which usually happens between a sender and a group of receivers. Different form broadcast, groupcast is supposed to be limited to a certain set of receivers which all have chosen to receive the specific multicast service. Logically, V2X groupcast can be realized in application layer by using application layer techniques to filter all the received packets from a wireless broadcast service. In this paper, we focus on the groupcast which are enabled by AS layer mechanisms, which is within the scope of 3GPP RAN work.

2.1 Groupcast use cases
To design proper AS layer groupcast mechanism, we need to first understand the targeted use cases. Given the application scenarios for the advanced V2X use cases, we think there are two typical cases for groupcast

· Vehicle platooning.
· Data sharing (for other advance use cases e.g. sensor sharing, automated driving) with enhanced reliability
For the vehicle platooning case, it is well understood that there is a well-defined and well-maintained vehicle group. Every member of the platoon belongs to this group. In the platoon, a platoon member (e.g., the leading vehicle of the platoon) multicasts to every other platoon member in a single radio transmission. There is no ambiguity about which car shall receive this groupcast and which car shall not. This is mainly because platoon members are supposed to have a relatively long-term relationship among them. Thus, using upper layer protocols to maintain the group membership is well justified. 
For the second case, we envision that the sending V2X UE has some important information to be shared with a limited set of neighbouring V2X UEs, which is a subset of all neighbour vehicles. For example, a car or even a traffic light may intend to multicast its data to relevant nearby vehicles within a certain range. The scope of this receiver subset may less certain, comparing to the group in the platoon use case. V2X communications occur in a highly mobile ad hoc environment. In this environment, neighbouring vehicles, even though sharing a common interest, do not commit to each other to stay in the same course for a long period of time. Thus, it is not reasonable to introduce a mechanism to let the cars to always exchange information and identify all the cars in this subset. As a result, the subset for receiving such a multicast may change from time to time, and not known by the sending UE a priori. As depicted in Figure 1, the groupcast is more of a concept centred from the sending UE, reaching to a subset of receiving UEs, which can be characterized with the following two conditions:

1. UEs are associated with a static or semi-static group ID;

2. Receivers of the multicast are further limited to a certain range within the transmitter.  
Form AS layer perspective, this is significantly different from broadcast because NR V2X receivers of such a multicast may use HARQ feedback to improve the reliability of this service, while other far-away receivers, even belong to this group, may not be required to receive the data with higher reliability. 

[image: image1]Figure 1 Reliable groupcast for receivers within intended range
Proposal 1
Both platoon-based groupcast and range-based groupcast to be supported. 

The range and reliability are somehow related in this groupcast service. Usually, the intended range of a groupcast shall depend on which V2X service is to be transported. Logically, this is also part of QoS of this V2X service. SA2 has also identified the minimum required communication range as one more parameter that can be provided along with QoS in TR 23.786 [1]:
	Solution #19: QoS Support for eV2X communication over PC5 interface

6.19.1
Functional Description

6.19.1.1
General description

This solution addresses key issue#4 (clause 5.4) Support of PC5 QoS framework enhancement for eV2X. The QoS requirements for eV2X are different from that of the EPS V2X, and the previous defined PPPP/ PPPR in TS 23.285 [5] are considered not to satisfy the needs. Specifically, there are much more QoS parameters to consider for the eV2X services. This solution proposes to use 5QI for eV2X communication over PC5 interface. This allows a unified QoS model for eV2X services over different links. 

6.19.1.2
Solution description

The new service requirements were captured in TS 22.186 [4]. The new performances KPIs were specified with the following parameters:

-
Payload (Bytes);

-
Transmission rate (Message/Sec);

-
Maximum end-to-end latency (ms);

-
Reliability (%);

-
Data rate (Mbps);

-
Minimum required communication range (meters).

Note that the same set of service requirements apply to both PC5 based V2X communication and Uu based V2X communication. As analysed in solution #2 (clause 6.2), these QoS characteristics could be well represented with 5QI defined in TS 23.501 [7]. 

It is therefore possible to have a unified QoS model for PC5 and Uu, i.e. also use 5QIs for V2X communication over PC5, such that the application layer can have a consistent way of indicating QoS requirements regardless of the link used. This does not prevent the AS layer from implementing different mechanisms over PC5 and Uu to achieve the QoS requirements.  

Considering the 5GS V2X capable UEs, there are three different types of traffic: broadcast, multicast, and unicast. 

For unicast type of traffic, it is clear that the same QoS Model as that of Uu can be utilized, i.e. each of the unicast link could be treated as a bearer, and QoS flows could be associated with it. All the QoS characteristics defined in 5QI and the additional parameter of data rate could apply. In addition, the Minimum required communication range could be treated as an additional parameter specifically for PC5 use. 

Similar consideration applies to multicast traffic, as it can be treated as a special case of unicast, i.e. with multiple defined receivers of the traffic.

For broadcast traffic, there is no bearer concept. Therefore, each of the message may have different characteristics according to the application requirements. The 5QI should then be used in the similar manner as that of the PPPP/PPPR, i.e. to be tagged with each of the packet. 5QI is able to represent all the characteristics needed for the PC5 broadcast operation, e.g. latency, priority, reliability, etc. A group of V2X broadcast specific 5QIs (i.e. VQIs) could be defined for PC5 use.  

NOTE:
The 5QI used for PC5 may be different from that used for Uu even for the same V2X service, e.g. the PDB for the PC5 can be longer than that for the Uu as it is a direct link.     

Editor's note:
For broadcast traffic, it is FFS if there is a need to have a formal mapping between the EPS V2X QoS parameters, e.g. PPPP, PPPR, with the new VQIs, for the interworking with the EPS V2X services. 

Editor's note:
How RAN supports the QoS characteristics represented by PC5 5QI depends on the RAN study

Editor's note:
Provisioning and configuration in the UE is FFS.


Proposal 2
For range-based groupcast, range target is provided or derived based on the QoS profile provided by upper layers.
2.2 AS layer design considerations for groupcast
In RAN1#94 meeting, the following has been agreed for the support of unicast, groupcast and multicast [2]:

	Agreements:

· 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

Agreements:

· 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



Based on RAN1 agreements, it is logically to assume HARQ feedback is likely to be adopted for groupcast and unicast services. Also, the multicast group can be identified in AS layer by a common Destination layer 2 ID, i.e., group ID.
Regarding the HARQ feedback choice for groupcast, NACK is better than ACK. This is because ACK requires the sender to maintain an explicit white-list of intended receivers. Only with that, the sender can check which receiver has sent the ACK and which has not. What’s more, such an ACK message requires to be transmitted with separate radio resources and decoding such a full ACK message will add the processing latency for the whole HARQ procedure. Using NACK, nonetheless, can be solely determined by the receivers. NACK can be formulated as simple as a predefined signal which are sent simultaneously in the same frequency resource. If the sender detects the existence of NACK signal in this resource, then it can retransmit. Given that, NACK feedback is superior than the ACK design for groupcast.
Proposal 3 
Study Negative HARQ feedback for groupcast service.
To enable the receivers to identify whether it is interested to receive a groupcast message or not, it makes sense to indicate the group ID information in the control portion of the NR V2X radio transmission. If the group ID indication matches the receiving UE’s interest, then the receiver will evaluate whether the decoding of data portion is successful, and whether to send a NACK.

Proposal 4 
Groupcast destination ID is not only included in MAC header, but some portion of it is also indicated in the control portion of V2X message as well. How to indicate s to be decided by RAN1.

As explained in the Figure 1 of section 2.1, the number of V2X UEs are configured with a common group ID may be larger than the number of UEs within the intended range. Ideally, only UEs within the intended range shall send back NACK to trigger a retransmission. For the other UEs with inferior PRR, retransmission won’t help much and just a waste of resource. In other words, those UEs which fail to decode the groupcast message shall not send back NACK. Then, there is a one crucial problem to solve: How a groupcast receiver can identify whether it is within the intended range or not?  
Both sender and receiver know its own location (i.e., GNSS coordinates), but they do not know the relative distance between the sender and receiver. One feasible approach is to create well-configured geographical zone(s) similar to what has been standardised in Rel-14 LTE-V2X. Depending on the size of zone, the sender may want to reach the receivers within one or more zones. Those zones can all be represented by zone IDs. If the sender includes the zone ID(s) in the V2X groupcast message to indicate the intended receiver set within this geographical area, the receiver can check the zone ID and its own location to determine if it is the intended groupcast receiver. 

Proposal 5 
Reuse the zone configuration as defined in Rel-14 LTE-V2X to provide a geo-location basis to gauge the geographical distance between a receiving UE and a sending UE in groupcast.
Proposal 6 
Zone ID(s) are indicated in in the control portion of V2X groupcast message. How to indicate is to be decided by RAN1.
3 Conclusion
Based on the discussion in section 2 we have following proposals:
Proposal 1
Both platoon-based groupcast and range-based groupcast to be supported. 

Proposal 2
For range-based groupcast, range target is provided or derived based on the QoS profile provided by upper layers.

Proposal 3 
Study Negative HARQ feedback for groupcast service.
Proposal 4 
Groupcast destination ID is not only included in MAC header, but some portion of it is also indicated in the control portion of V2X message as well. How to indicate s to be decided by RAN1.
Proposal 5 
Reuse the zone configuration as defined in Rel-14 LTE-V2X to provide a geo-location basis to gauge the geographical distance between a receiving UE and a sending UE in groupcast.
Proposal 6 
Zone ID(s) are indicated in in the control portion of V2X groupcast message. How to indicate is to be decided by RAN1.
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