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Introduction
In RAN1 #94 meeting, the following agreements were achieved related to mechanism for supporting of unicast, groupcast and broadcast in NR sidelink [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


In this contribution, we will discuss the issues and potential enhancements of supporting unicast, groupcast and broadcast in NR sidelink.
Discussion
Discovery and connection setup
According to use case description defined by SA1 [1], unicast communication includes the scenarios of between RSU and a vehicle-UE, between two vehicle-UEs in a platoon, between two vehicle-UEs sharing video data and so on. The groupcast communication can be performed within a platoon or a group of proximity-UEs for information sharing to support automated platooning/driving operation. In the platooning operation, the platoon members shall establish a sidelink connection with the platoon leader before the group communication, and the initial connection establishment procedure of groupcast is similar to that of the unicast.
Discovery procedure
In discovery procedure, the following issues should to be addressed for unicast and groupcast:
· Whether the discovery procedure is required?
· The role of the discovery procedure?
· Discovery is a RAN layer procedure or an application layer procedure?
· Discover message content?
· Physical channel carrying the discover message, PSDCH, PSCCH, PSSCH or others?
All vehicles always broadcast the basic safety messages (BSM/CAM), which include the location and identity (MAC ID /ProSe UE ID) of V2X UEs. Hence, each vehicle’s information, such as identity, position, and etc., is known to all other vehicles within the range. However, the traffic arrivals of the advanced V2X services are not always periodic. The UE capability of a specific vehicle supporting a specific advanced V2X service is unknown to all other vehicles within the range.  Thus, it is necessary to define a discovery procedure. 
The use case descriptions [1] also verify the speculative: 
· For the use case “Video data sharing for automated Driving) [5.16]”, the source UE wants to know the camera information of the proceeding vehicle.  It requires that the target UE is located in front of the source UE and the target UE can provide the video streaming service from the on-board sensor of vehicle to the source UE. Although the source UE can obtain the identity of the vehicle located, but whether the vehicle can support the service is unknown to the source UE. Therefore, the service type information should be contained in discovery message to help the source UE find the desired target UE, and the use case requires a rapid discovery. 
· For the use case “Platoon [5.1]”, the group leader shall announce group related information to assist the source UE in determining whether it is the right group to join, service ID and some application layer information shall be included in the group announcement information, e.g. navigation path of the group, supported service type within the group, and the use case requires a discovery but the latency requirement isn’t urgent.
· For the use case “Automated cooperative driving for short distance grouping [5.5] ”, the source vehicle receives messages from the group members and identifies acceptable groups based on certain criteria (i.e. speed and gap policies, size),then the source vehicle determine the vehicle is the target UE, and sends a message to members of the group requesting to join group. It can be observed that the use case doesn’t need a discovery procedure, and the source vehicle shall setup connection with leader vehicle.
In summary, it is necessary to define a discovery procedure for the source UE to discover the target UE for the establishment of a V2X link. There are at least two types of discovery procedures: they are advertising its presence and services it offered (“Self-Declaration”) and determining whether a user can offer certain service (“Target Search”).  The content of discovery message is up to the higher layer.
Discovery may be handled at application layer or RAN layer. Considering the subsequent connection setup,   the discovery procedure in RAN would reduce the signaling exchange between NAS (5G core) and AS (NR RAN). 
Several schemes of physical channel carrying the discovery message are compared and shown in the following table.  
Table 1: Comparisons of schemes with physical channel carrying the discovery message

	Schemes
	Pros
	Cons

	PSCCH (indicating discovery operation) + PSSCH (message)
	· Minimizing the overhead for contention based resource allocation
	· PSSCH resource granularity may impact the resource efficiency ( R14 sub-channel is not suitable)

	PSCCH 
	· Reliability of control channel is higher than that of data channel
	· Different SA formats may need to be defined, receiving complexity would be high
· SA length constraint

	PSDCH 
	· Dedicated resource used for discovery, potentially reduce the resource collision and interference

	· Message length is limited 
· Standardization effort;
· System overhead

	Piggybacked on the PSSCH 
	· No  overhead
	· Latency requirement 
· Reliability of data channel is lower than that of control channel 



Observation 1: It is necessary to define a discovery procedure.
Observation 2: There are at least two type of discovery: advertising its presence and services it offered (“Self-Declaration”) or to determine whether a use can offer certain service (“Target Search”), the content of discovery message is up to the higher layer.
Proposal 1: Discovery may be handled at application layer or RAN layer, and RAN layer discovery procedure would be a preferred choice.
Proposal 2: PSDCH or PSCCH& PSSCH are preferred to carry the discovery message.
Connection setup
In connection setup procedure, the following issue should to be addressed for unicast and groupcast:
· The role of the connection setup procedure?
· Which information should be exchanged in connection establishment procedure?
There are two roles for PC5 connection setup procedure: selection of proximity-UE and the parameter negotiation. 
The specific procedure of connected setup would be specified in RAN2. The physical layer procedures in support of connection setup are discussed in the following:
· First, In NR V2X, UE may support different sidelink capabilities, e.g. bandwidth combination, multi-carrier operation.  If the UE’s sidelink capabilities are not matched for the demanded V2X unicast communication, such as the transmission UE may transmit the data exceeding the reception capability of the target UE, the performance of the V2X unicast communication would be degraded. Therefore, the UE pair intended for V2X unicast communication shall exchange and coordinate their sidelink capabilities to derive the common denominator of sidelink capabilities for unicast communication. 
· Second, for unicast and groupcast communication, only the target receiving node is required to decode PSSCH service data and the receiver should identify the source UE, so a session/communication ID should be exchanged during the connection setup. It contains a session ID for unicast, and it contains a destination group ID and a session ID for groupcast. 
· Third, some Layer-1 functionalities such as HARQ ACK/NACK and/or CSI feedback and some UE-specific information, such as the codeword, should be exchange for the Mode 2-type resource allocation. 
· Fourth, although the mode of resource allocation has not yet decided, four sub-modes of Mode 2 were defined in RAN1#94 as following,  if more than one scheduling modes works for unicast or groupcast communication, the scheduling mode should be coordinated.
· UE autonomously selects sidelink resource for transmission; 
· UE assists sidelink resource selection for other UE(s); 
· UE is configured with NR configured grant (type-1 like) for sidelink transmission; 
· UE schedules sidelink transmissions of other UEs. 
Proposal 3: There are two roles for PC5 connection setup procedure: selection of proximity-UE and parameter negotiation. 
Proposal 4: The following information should be exchanged in connection establishment procedure, including sidelink capability, communication ID, HARQ ACK/NACK parameters, CSI parameters and the resource allocation mode. 
Supporting unicast and groupcast in RAN1
UE could have dedicated resource in the sidelink physical channel after the establishment of the session for carrying the unicast/groupcast service. The receiving UEs could be limited to the desired target UEs explicitly in physical layers for the reception. The unicast/ groupcast services could also transmit in broadcast mode at the physical layer to be received by all UEs within the range and rely on the higher layer to filter out the target UEs. The advanced V2X unicast/group services does not requires higher layer filtering function while the physical channel has limited the receiving UE(s) to the target UE(s) in the one-to-one and one-to-many communication. Additional benefit of physical layer support of unicast/groupcast communication is the privacy and security protection.  Thus, RAN1 should distinguish unicast/ groupcast/broadcast by the receiver which is eligible of decoding with the destination ID in the control information. 
A vehicle can be configured with multiple V2X services simultaneously. For instance, a vehicle as a platoon member can also setup unicast communication with other vehicle at the same time. Considering the different parameters of each session, which is negotiated in connection establishment procedure, the receiver should identify the source UE with the source ID, and the source ID could be included in the control information in the physical layer or a higher layer (MAC) depending on the length of source ID.
It has been agreed in RAN1#94 that target UE ID would be included in the physical layer control information. From the perspective of identifying the receiver/ sender, the destination ID/source ID in sidelink control field should be investigated for different resource allocation. The length of the UE ID and the uniqueness of the UE ID within the sidelink communication cluster are critical in determining the location of carrying the UE ID. UE ID from application layer would be mapped to lower layer UE ID in MAC or physical layer.  The mapping rule is critical depending on the deployment scenario to allow the UE ID being unique among UEs in the V2X communication.  In summary, there are two options: 
1) Vehicles identify the target receiver and the transmitter, where the receiver filtering function is implemented at RAN1, and the source UE identifying function is implemented at RAN2. SCI should contain the destination ID (destination group ID for groupcast and destination ID for unicast), but no source ID.
2) Vehicles identify the session (association with the receiver and the source), Sidelink Control Information should contain session /communication ID negotiated in connection establishment procedure, in this situation, the destination ID is session/communication ID.
Proposal 5: RAN1 should distinguish unicast, groupcast and broadcast. 
Proposal 6: There are two options for vehicle determining a specific unicast/groupcast link: 
· Option 1: Vehicles  identify  the target receiver and the transmitter, where the receiver filtering function is implemented at RAN1, and the source UE identifying function is implemented at RAN2. Sidelink Control Information should contain the destination ID（destination group ID for groupcast and destination ID for unicast）, but no source ID.
· Option 2: Vehicles identify the session (association with the receiver and the source), SCI should contain session /communication ID negotiated in connection establishment procedure.
Layer-1 functionalities 
In last meeting, the following Layer-1 functionalities were discussed:
· HARQ feedback
· CSI acquisition
· Open loop and/or closed-loop power control
· Link adaptation
· Multi-antenna transmission scheme
· Adaptive repetition transmission
HARQ feedback
In HARQ feedback operation, the following issues should to be addressed for unicast and groupcast:
· Which of the following strategies should be adopted for unicast: blind HARQ retransmission like LTE V2X , adaptive repetition transmission broadcast HARQ (no feedback) or  HARQ ACK/NACK; 　
· If the HARQ-ACK information is supported, what is the resource carrying the HARQ-ACK feedback info?
· Which of the following strategies should be adopted for groupcast: blind HARQ retransmission like LTE V2X , adaptive repetition transmission broadcast HARQ(no feedback) or  HARQ ACK/NACK; 　
· If the HARQ-ACK is supported, how to coordinate and handle the HARQ-ACK among group members?  
In LTE sidelink V2X broadcast design, blind HARQ retransmissions are used, the transmission number is one or two. 
One of the primary applications of unicast services is the sharing of raw sensor data including video, the link data rate is at least 25 Mbps, with the reliability requirement as high as about 99.99% even 99.999%. The reliability of the sidelink transmission is required to support 10-5 BLER. It is difficult to specify the suitable number of blind HARQ retransmission to have efficient resource utilization with high data rate. To avoid unnecessary repetitions and achieve reliability, HARQ feedback or adaptive retransmission should be considered. For unicast communication, HARQ feedback is feasible. 
Furthermore, the feedback mechanism is related to the resource allocation method. For mode 1, since the retransmission is also controlled by network, network should know the HARQ feedback information of sidelink, the latency and complex signaling procedure shall be carefully studied, therefore HARQ feedback mechanism in mode 1 shall be further investigated. For mode 2 with SPS resource allocation, the resource of the feedback information for the TB can be allocated in the same time of the SPS resource allocation. For mode 2 with dynamic resource allocation, if no positive HARQ-ACK feedback is received and the maximum number of retransmission times is reached, the resource for negative HARQ-ACK feedback would be allocated after each retransmission.   
For the physical channel carrying the feedback message, some schemes are compared in the following table.    The preference is to have the dedicated control channel for carrying HARQ-ACK messages，and multiple feedback information could be multiplexed in code domain within the same time-frequency resource.

Table 2: Comparisons of physical channel carrying the feedback message 
	Feedback resource 
	Description
	Pros
	Cons

	Piggyback on PSSCH
	Indicating which TB or resources
	· Small overhead 
· Unicast, groupcast and broadcast share a common resource
· No half-duplex issues
	· Latency,real-time feedback may not be guaranteed
· Cross-layer interaction
· Specific formats may need to be defined
· Reliability

	PSCCH
	Indicating which TB or resources
	· Unicast, groupcast and broadcast share a common resource
· No half-duplex issues
	· Latency, real-time feedback may not be guaranteed
· Different SA formats may need to be defined, receiving complexity would be high
· SA length constraint 

	Dedicated control channel 
	a mapping between the PSSCH resource   and the feedback control channel distinguish among users in the code domain 
	Real-time feedback can  be guaranteed
	· Considerations of half-duplex impact 
· Feedback resource constraints, the content is limited 
Standardization effort



For groupcast in NR sidelink, the design of HARQ-ACK resource is similar to that of unicast sidelink, there is a mapping between the PSSCH resource and the feedback control channel. There are two methods to coordinate and handle the HARQ-ACK info among group members: signal detection and energy detection. 
For the former scheme, each member will occupy different HARQ feedback channel, and multiple feedback channel could be multiplexed in code domain with the same time-frequency resource. 
For the latter scheme, all the members will occupy the same HARQ feedback channel. If the signal energy in the feedback channel exceeds a (pre-) configured threshold, it means a NACK feedback for the according PSSCH resource. However, if only NACK is feedback, the transmitter can’t differentiate the ACK and no feedback if the receiver does not receive the related PSCCH.  .
Proposal 7: Whether and how to introduce the HARQ feedback mechanism in mode 1 shall be further investigated due to the latency and complex signaling interaction with network.
Proposal 8: HARQ feedback mechanism in mode 2 shall be support in NR sidelink design.
Proposal 9: For unicast, the preference is to have the dedicated control channel for carrying HARQ feedback messages, and multiple feedback information could be multiplexed in code domain within the same time-frequency resource.   
 Proposal 10: For groupcast, the preference is also to have the dedicated control channel for carrying HARQ feedback messages, there are two methods to coordinate and handle the feedback information among group members: signal detection and energy detection.
CSI Acquisition
Channel state information is used for link adaptation operation. In NR V2X, CSI information is needed for the unicast communication. The CSI acquisition would require additional overhead of configured RS for measurements.  
For CSI acquisition through CSI feedback by the receiving UEs, the CSI-RS needs to be configured and transmitted periodically by the transmitting UE in order receiving UE’s measurements of channel state information. The CSI needs to be fed back from the receiving UEs to the transmitting UE periodically or intensely in short period before the transmission to get the link adaptation gain. The link adaptation gain would be diminished if the CSI feedbacks by the receiving UEs are inaccurate or aged. The overhead of CSI acquisition through CSI feedbacks by the receiving UEs is too much and the benefit of sidelink link adaptation gain is limited.  
For CSI acquisition through channel reciprocity, the transmitting UE could also use the DMRS or other RS, such as RS used for AGC training, transmitted by the receiving UE to derive the channel state information of the receiving UE. . The precoding information and channel state information through channel reciprocity is quite accurate. 
Compare the above two options, the CSI acquisition through channel reciprocity could get similar channel state information to that of CSI feedback especially for the high speed scenario. The CSI feedback might provide more accurate CQI estimation at the CSI-RS transmission slot.  However, in NR V2X, especially distributed resource allocation is employed, the interference is dynamic and challenged to be estimated accurately.  The CQI estimation of both options would not be accurate.  
Proposal 11: The CSI acquisition through channel reciprocity should be considered for the link adaptation gain of sidelink unicast communication.   
Open loop and/or closed-loop power control
In power control, the following issues should to be addressed for unicast and groupcast: 
· Whether power control shall be supported？
· If adopted, it is applied to PSCCH, or PSSCH, or both?
· Open Power control or Closed Power control?
In LTE sidelink V2X broadcast design, the communication range requirement is depended on the channel type (LOS/NLOS) and vehicle absolute speed due to broadcast communication. When system load is not heavy and system interfere is below a certain level, maximum transmission power is preferred to transmit the basic safety messages as far as possible so that more vehicles can receive the messages, When congestion happens, power control is one of the strategies to reducing the communication range and achieving higher spatial reuse gain, so power reduction mechanism can be seen as a passivity strategy in broadcast communication.
For unicast and groupcast in NR sidelink, the communication range requirements for different NR use cases are quite different. The range of unicast and groupcast communications depended on the relative distance between unicast communication vehicles/RSU or platoon length regardless of the system load.
According to [1], both of the size of a platoon and the distance of unicast communication node are limited, and the distance is nearer than that of the broadcast communication. The power control is used to control the Tx power in compensating the pathloss between the transmitting and receiving UEs to achieve the target SINR and limiting the interference to the neighboring cluster. If power control is adopted, it can be seen as an active strategy to reduce the co-channel interference to the neighboring V2X cluster.
However, power control is not suitable for all the configurations. Take mode 2 for example, if unicast\multicast\ broadcast  services share a common  resource pool, and only  unicast and groupcast vehicles reduce total power or PSSCH transmission power to match the communication range requirement, for the PSSCH resource carrying unicast and groupcast, the interference(co-channel  interfere and the  IBE) from the resource carrying broadcast remains unchanged or increases, while its RSRP decreases due to the transmission power ,then the SINR and the reliability of unicast and groupcast service deteriorates.
Irrespective of the overhead and the standardization effort introduced for power control, it is doubtful whether the power control mechanism for sidelink unicast/groupcast communication can reduce the interference for all the configurations, it needs to be carefully investigated.
Proposal 12: The power control is used to control the Tx power in compensating the pathloss between the transmitting and receiving UEs to achieve the target SINR and limiting the interference to the neighboring cluster.  Whether the power control mechanism for sidelink unicast/groupcast communication can reduce the interference for all configurations, it needs to be carefully investigated.
Link adaptation
In link adaptation, the following issue should to be addressed for unicast and groupcast:
· Whether AMC is applied?
· Which info can be used to assist the AMC?
In LTE sidelink V2X broadcast design, the MCS is selected by transmitter or configured by network, there is no mechanism to adapt MCS based on the channel quality between sender and receiver(s). 
For point-to-point unicast communication, it might be feasible to adapt the MCS based on the channel condition.  According to [1], one of the primary applications of unicast services is the sharing of raw sensor data including video, and the link data rate is at least 25 Mbps. The higher the data rate requirement is, the larger gain differentiation for adopting different MCS strategy. The appropriate modulation scheme can be selected to achieve the link adaptation gain and improve spectrum efficiency.  
The adaptive MCS can achieve the link adaptation gain in companion with CSI acquisition and HARQ operation.
For groupcast communication, the CSI acquisition and HARQ operation could be done in the similar way as that of unicast communication if the CSI acquisition is through channel reciprocity.  
Proposal 13: AMC should be supported for unicast and groupcast communication along with CSI acquisition and HARQ operation.  
Multi-antenna transmission scheme
In multi-antenna transmission scheme, the following issues should to be addressed for unicast and groupcast:
· Application carrier frequency,FR1 , FR2,or both？
· Multi-antenna transmission scheme?
Both FR1 and FR2 are supported in NR-V2X. For FR2, which targets to mmW transmission and causes the high path loss, beamforming is an efficient way to extend the coverage.
For unicast communication, the radio channel could be very good with peer vehicles are always in the same direction. One of the primary applications of unicast services is the sharing of raw sensor data including video, the link data rate is at least 25 Mbps. Multi-antenna transmission schemes, such as beamforming and spatial multiplexing, may be considered to meet the data rate requirements. 
Proposal 14: For FR2, beamforming is an efficient way to enlarge the coverage.
Proposal 15: For unicast requiring high data rate, multi-antenna transmission scheme, such as beamforming and spatial multiplexing, may be considered to meet the data rate requirements 

Adaptive repetition transmission
In LTE sidelink V2X broadcast design, up to 1 retransmission can be used, SCI indicates the current transmission resource and the next/last for the same TB, therefore, the initial and retransmission are associated via SCI. 
For broadcast communication in NR V2X, the reliability requirements for different NR use cases are quite different.  Some advanced V2X services have higher reliability requirements than that of LTE V2X. The new mechanism in sidelink broadcast shall be further investigated to meet the more stringent requirement. To meet the requirements, adaptive repetition transmission should be considered and the max retransmission number can increases according to the requirements. 
Proposal 16: Adaptive repetition transmission should be considered for broadcast.
Conclusion
In this contribution, the issues and potential enhancements of supporting unicast, groupcast and broadcast in NR sidelink are discussed, and the following observations and proposals are made.
Observation 1: It is necessary to define a discovery procedure.
Observation 2: There are at least two type of discovery: advertising its presence and services it offered (“Self-Declaration”) or to determine whether a use can offer certain service (“Target Search”), the content of discovery message is up to the higher layer.
Proposal 1: Discovery may be handled at application layer or RAN layer, and RAN layer discovery procedure would be a preferred choice.
Proposal 2: PSDCH or PSCCH& PSSCH are preferred to carry the discovery message.
Proposal 3: There are two roles for PC5 connection setup procedure: selection of proximity-UE and parameter negotiation. 
Proposal 4: The following information should be exchanged in connection establishment procedure, including sidelink capability, communication ID, HARQ ACK/NACK parameters, CSI parameters and the resource allocation mode. 
Proposal 5: RAN1 should distinguish unicast, groupcast and broadcast. 
Proposal 6: There are two options for vehicle determining a specific unicast/groupcast link: 
· Option 1: Vehicles  identify  the target receiver and the transmitter, where the receiver filtering function is implemented at RAN1, and the source UE identifying function is implemented at RAN2. Sidelink Control Information should contain the destination ID（destination group ID for groupcast and destination ID for unicast）, but no source ID.
· Option 2: Vehicles identify the session (association with the receiver and the source), SCI should contain session /communication ID negotiated in connection establishment procedure.
Proposal 7: Whether and how to introduce the HARQ feedback mechanism in mode 1 shall be further investigated due to the latency and complex signaling interaction with network.
Proposal 8: HARQ feedback mechanism in mode 2 shall be support in NR sidelink design.
Proposal 9: For unicast, the preference is to have the dedicated control channel for carrying HARQ feedback messages, and multiple feedback information could be multiplexed in code domain within the same time-frequency resource.   
 Proposal 10: For groupcast, the preference is also to have the dedicated control channel for carrying HARQ feedback messages, there are two methods to coordinate and handle the feedback information among group members: signal detection and energy detection.
Proposal 11: The CSI acquisition through channel reciprocity should be considered for the link adaptation gain of sidelink unicast/groupcast communication.   
Proposal 12: The power control is used to control the Tx power in compensating the pathloss between the transmitting and receiving UEs to achieve the target SINR and limiting the interference to the neighboring cluster.  Whether the power control mechanism for sidelink unicast/groupcast communication can reduce the interference for all configurations, it needs to be carefully investigated.
Proposal 13: AMC should be supported for unicast and groupcast communication along with CSI acquisition and HARQ operation.  
Proposal 14: For FR2, beamforming is an efficient way to enlarge the coverage.
Proposal 15: For unicast requiring high data rate, multi-antenna transmission scheme, such as beamforming and spatial multiplexing, may be considered to meet the data rate requirements.
Proposal 16: Adaptive repetition transmission should be considered for broadcast.
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