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Introduction
A new study ID for NR V2X was approved in [1]. The scope of the study item includes the designs of NR sidelink as follows:
	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


In RAN1 #94, we made the following agreements for the design of unicast/groupcast/broadcast on NR sidelink:
	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 present Samsung’s views on supporting unicast, groupcast and broadcast transmission on NR sidelink and also consideration on potential technical enhancements for NR V2X sidelink. 
Supporting unicast/groupcast/broadcast in NR V2X
The new NR V2X designs aim to support advanced V2X services [1][3]. SA1 identified 25 use cases and four categories of advanced V2X services [3], including platooning, advanced driving, extended sensors and remote driving. In contrast, LTE V2X is designed only targeting for broadcast services. The safety message is supposed to be received by all surrounding UEs and the UE needs to monitor all the received message from PC5, therefore, only broadcast transmission in physical is specified in LTE V2X. If a message is targeted to one UE or a group of UEs, but not all the UEs in the proximity of the sender, higher layer unicast or groupcast transmission is used in LTE V2X and the ID of target UE or UE group is carried in higher-layer packet. 
The design in LTE V2X is not sufficient to support the requirement of advanced V2X services. In contrast to the basic safety service supported in LTE V2X, some advanced V2X services, the 25 use cases defined for V2X services include a large variety of service types, which impose different transmission requirement. Some advanced V2X services requires transmission between two V2X nodes, for example in platooning, there exist leader vehicle and follower vehicles. The leader vehicle could control follower vehicle on his behaviour on the resource allocation and transmission and such operation can be unicast to one follower vehicle. Another example is in extended sensors service and two vehicles would need to transmit the real time sensor date. Some advanced V2X service needs the transmission from one node to a group of vehicles or V2X nodes. Furthermore, physical-layer-broadcast transmission in LTE V2X causes power waste and restrict further enhancement to the V2X sidelink connection quality. If the all physical layer transmission is in broadcast mode, the UE would have to decode all the PSSCH transmission, which could cause extensive power waste due to decoding large portion of unwanted packet. Regarding the enhancement of sidelink quality, adaptive HARQ transmission is very useful for improve the physical layer reliability with low latency. In adaptive HARQ transmission with flexible retransmission on sidelink, the receiver UE shall be able to identify that multiple PSSCH transmissions (whose number would be variable) are from the same transmitter and are the transmission and retransmission for the same TB so that the receiver UE can do proper soft combination on them at physical layer. 
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To support physical layer unicast/groupcast, we need method to generate a physical layer ID for a UE or a UE group. In LTE D2D, the target ID included in SA is the last a few bits of a higher-layer group ID. That method can be used as a starting point for NR design. However, one potential issue in the LTE D2D method is that two UEs or UE groups might use the same physical layer ID even they have different higher layer ID. Another issue is how to generate HARQ process number, especially in the case of out-of-coverage where no gNB control and allocate the transmission on sidelink. Two different UEs uses the same HARQ process number on two different sidelink transmissions might cause problem to the receiver side potentially. For unicast/groupcast transmission, the destination UE or UE group ID shall be included in the SA. And we need to further study whether SA shall include source ID and HARQ process number too. To support HARQ transmission on sidelink, the receiver UE needs to correctly identify the transmission and re-transmission of the same TB and then combine them. Source ID and destination ID in SA can be used to do that and the transmission/retransmission of one TB in the same HARQ process can be identified by the SAs carrying same {source ID, destination ID}. However, one potential issue for that design is two UE might derive the same physical layer ID even though they have different higher layer IDs. Another choice can be SA including source ID, destination ID and HARQ process number. 
Proposal 1: NR V2X supports physical layer unicast, groupcat and broadcast on sidelink transmission. NR studies the method to generate physical layer IDs and studies how to signal source ID, destination ID and HARQ process number.  
 Before unicast transmission between two UEs, UEs need to discover each other. Thus some discovery procedure is necessary in NR V2X. The discovery procedure defined in LTE D2D can be used as starting point. However, LTE D2D was designed for low speed and low density of UEs, which is not the case for NR V2X. Some enhancement to the discovery procedure is preferred.  
For NR V2X unicast transmission, we can consider the flexible retransmission to improve the link quality. In LTE V2X, the number of transmissions K for one packet is (pre)configured to be 1 or 2. This is suitable for broadcast transmission that does not have ACK/NACK feedback and in broadcast, the transmitter UE needs to consider the worst channel condition of receiver UEs. For unicast transmission, adaptive HARQ-based transmission with flexible number of retransmission would be beneficial to the system performance. It can also relax the half-duplex problem. In unicast, transmission/reception for the two unicast UEs could be coordinated to avoid half duplex issue. If the channel conditions between a pair of UEs are good, it’s possible that the transmission is successful with less (re)transmissions, therefore additional retransmissions are purely waste of resource if we re-use the LTE design. To support better link adaptation, it is better to feedback CSI information to the transmitter so that a proper MCS can be selected. HARQ-ACK/CSI could be transmitted on a dedicated channel. Alternatively, if there is data sending back to the former transmitter, HARQ-ACK/CSI could be piggybacked on the data channel, as shown in Figure 1.
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Figure 1: HARQ-ACK and CSI feedback in SL unicast

In out of coverage case, the above unicast procedures have to be done in distributed manner. On the other hand, within network coverage, the above unicast procedures could be coordinated by gNB or done automatically. 
Proposal 2: For unicast transmission, NR studies discovery procedure for setting up the transmission between a pair of UEs and NR studies the supporting of HARQ-based transmission and ACK/NACK and CSI feedback.
Groupcast transmission is required by advanced V2X services. Before performing groupcast transmission, the UEs in the same group shall be aware of the presence of other UEs in the same group, which can be considered as the key part different from broadcast transmission. Thus discovery procedure is needed for groupcast transmission. The discovery procedure defined in LTE D2D can be used a starting point. However, due to the potential high velocity of vehicles, the components in one group of UEs could change frequently and the function of adding/releasing UE to one group is needed. Similar to unicast, the groupcast procedures have to be done in distributed manner in out of coverage case. On the other hand, the above groupcast procedures could be coordinated by gNB or done automatically within network coverage. 
Proposal 3: For groupcast transmission, NR studies (1) How to distinguish between groupcast and broadcast is needed; (2) Discovery procedure can be used to form a group of UEs doing groupcast transmission and (3) Add/release of UEs to a groupcast group may be needed. 
LTE V2X is designed for broadcast services only. Some designs might be reused in NR V2X. To minimize standardization efforts, it is preferred to maximum the commonality for the support of unicast, groupcast and broadcast. 
Proposal 4: Strive to have a common design to support unicast, groupcast and broadcast in NR V2X. 

Considerations on V2X sidelink designs
In this section, our views on enhancements on NR sidelink for the supporting of unicast and groupcast transmission will be presented.
HARQ transmission
NR V2X system is expected to support high reliability requirement for advanced V2X services. As specified in [3], some V2X services even requires 99.999% reliability. To provide such high reliability, we need to improve the reliability of one-shot transmission and also enhance the re-transmission mechanism. In rel14/rel15 LTE V2X, a two-time repetition transmission is supported. That is not efficient method for re-transmission and result in much resource waste, in comparison with adaptive HARQ. For example, if one-shot transmission has BLER = 10%. The two-time repetition transmission defined LTE V2X would result in 1% BLER and occupies two resources. In contrast, adaptive HARQ only needs 1.1 resources to achieve 1% BLER. In that example, adaptive HARQ can save 81.8% resource to support the same level of reliability.
In sidelink unicast transmission, the receiver UE is a single and given one UE. That UE can feedback the ACK/NACK for each one NR PSSCH transmission to the transmitter and then the transmitter UE can adjust his transmission/re-transmission accordingly. In sidelink groupcast transmission, the receiver UEs are also definite and each receiver UE knows that he is supposed to receive one particular PSSCH transmission. Therefore, the feedback-based HARQ for groupcast transmission is also feasible. The unique feature of groupcast is that a group of UEs need to feedback the ACK/NACK to the transmitter. How to coordinate the HARQ-ACK resources is a key issue, especially considering autonomous transmissions and potential collisions. The group of UEs normally has different channel conditions. However, a retransmission may have to target to the worse UE. How to increase the retransmission efficiency could be studied, where CBG-based retransmission or outer-code-based HARQ could be considered. 
In the case of in-coverage, the receiver UE can feedback ACK/NACK to the transmitter UE directly through PC5. The receiver UE can also feedback ACK/NACK to the serving gNB through Uu interface and then gNB can either forward the ACK/NACK to the transmitter UE or schedule the sidelink transmission of the transmitter UE based on the ACK/NACK feedback. In the case of out-of-coverage, the receiver UE(s) can feedback the ACK/NACK to the transmitter UE directly through PC5. For the ACK/NACK feedback through PC5, a sidelink feedback would be needed.
Proposal 5: NR supports adaptive HARQ transmission for unicast and groupcast and studies (1) how to feedback ACK/NACK from single UE for unicast transmission and multiple UEs for groupcast transmission and (2) the design of sidelink feedback channel.

Multi-antenna transmission and link adaptation
[bookmark: _GoBack]NR V2X is destined to support advanced V2X services, which impose much more stringent requirement on sidelink data rate than services provided by LTE V2X. Among those 25 new use cases identified by SA1, some advanced services ask for 1Gbps data rate [3]. For supporting 1Gbps data rate, MIMO transmission with multiple layers would be necessary feature. In NR, max data rate with 100MHz bandwidth and MSC = 64QAM is 470Mbps and thus a 3-layer is needed here to achieve 1Gpbs data rate. In summary, MIMO transmission on sidelink would provide the following gains to a V2X system:
· Boosting the peak data rate: as explained above, rank>1 MIMO transmission is necessary to meet the data rate requirement of advanced V2X services.
· Reducing the sidelink interference: For a unicast or multicast transmission on sidelink, the transmitter can beamform the signals to particular direction towards the target receiver in unicast transmission and target receiver group in multicast transmission. Thus, the interference to other receiver would be reduced.
For unicast transmission, the transmitter UE can use proper MIMO transmission and MCS level to maximize the sidelink efficiency based on the channel quality between transmitter UE and receiver UEs. Similarly, for groupcast transmission, the transmitter UE can also use proper MIMO transmission and MCS level based on the channel quality of UEs in that group.
Furthermore, MU-MIMO-type transmission on sidelink can improve sidelink resource efficiency by employing the spatial domain multiplexing. Two or more sidelink transmissions can occupy the same sidelink resource or overlapped resource but with orthogonal antenna ports. The receiver UE can apply interference cancellation mechanism to receive his desired packet.  An example is shown in Figure 2. Vehicle A transmits to vehicle B and vehicle C transmits to vehicle D. These two PSSCH transmission can occupy the same sidelink resource but they use different DM-RS antenna ports. At the receiver side, the vehicle B can measure the channel from both DM-RS ports 0 and 1 and then cancel the transmission from vehicle C to receive the data from vehicle A, and the vehicle D can measure the channel from both DM-RS ports 0 and 1 and then cancel the transmission from vehicle A to receive the data from vehicle C. 
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Figure 2 Example of MU-MIMO type sidelink transmission
To support multi-antenna transmission and link adaptation, CSI information of sidelink connection is necessary. The information of CQI and RI (rank indicator) are needed for proper link adaptation and PMI information is needed for the transmitter to calculate the pre-coding. The PMI information can be obtained from the channel reciprocity of sidelink. However, the CQI and RI shall be measured by the receiver due to different reception capability and different interference that the transmitter and receiver experience. In the example of figure 2, the vehicle A can obtain the PMI of sidelink between A and B by measuring the reference signal from B and the B can measure the CQI and RI of sidelink from A to B and then feedback to A or the gNB.
Reference signal is necessary for measuring CSI of sidelink. Reference signal is also necessary for measuring the path loss of sidelink and then used for power control. In the case of in-coverage, the gNB can configure and schedule the transmission of reference signals on sidelink. In the case of out-of-coverage, the UE can transmit reference signals on sidelink according to sidelink reference signal configuration that are preconfigured.
Proposal 6: NR supports MIMO transmission on sidelink and MU-MIMO transmission on multiple sidelinks and NR studies:
· The mechanism to obtain CSI information of sidelink, including CQI, RI, PMI;
· The transmission of sidelink reference signal for CSI measurement
Power control
V2X system could be interference-limited system. Properly reducing the Tx power can reduce the V2X interference and thus system performance of V2X can be improved. In NR V2X, unicast and groupcast transmission are supported, which enable the UE to adjust the Tx power according to the per-transmission channel condition. In LTE V2X, the Tx power for sidelink considers the interference to the uplink transmission and only the pathloss between the gNB and UE are taken into account. To satisfy the requirement of advanced V2X services and improve the system performance of NR V2X, Tx power control for NR sidelink is necessary. For a unicast transmission, the transmitter UE can adjust the Tx power according to the channel condition and pathloss between the transmitter UE and the receiver UE. For a groupcast transmission, the transmitter UE can adjust the Tx power according to the worst case of the channel condition and pathloss between the transmitter UE and the group of receiver UEs. Even for a broadcast transmission, the transmitter UE can adjust the Tx power according to the expected communication range. For supporting power control, the transmitter UE needs know the pathloss of the sidelink and some sidelink reference signal is necessary for the pathloss measurement.   
Proposal 7: NR supports Tx power control on sidelink for unicast/groupcast/broadcast transmission studies:
· The sidelink power control mechanism.
· The mechanism for sidelink pathloss measurement
· The transmission of sidelink reference signal for sidelink pathloss measurement
Conclusions
In this contribution, we presented our views on unicast/groupcast/broadcast transmission on NR V2X sidelink and the sidelink enhancements are also discussed. Based on the discussion, the following proposals are provided:
Proposal 1: NR V2X supports physical layer unicast, broadcast and broadcast on sidelink transmission. NR studies the method to generate physical layer IDs and studies how to signal source ID, destination ID and HARQ process number.  
Proposal 2: For unicast transmission, NR studies discovery procedure for setting up the transmission between a pair of UEs and NR studies the supporting of HARQ-based transmission and ACK/NACK and CSI feedback.
Proposal 3: For groupcast transmission, NR studies (1) How to distinguish between groupcast and broadcast is needed; (2) Discovery procedure can be used to form a group of UEs doing groupcast transmission and (3) Add/release of UEs to a groupcast group may be needed. 
Proposal 4: Strive to have a common design to support unicast, groupcast and broadcast in NR V2X. 

Proposal 5: NR supports adaptive HARQ transmission for unicast and groupcast and studies (1) how to feedback ACK/NACK from single UE for unicast transmission and multiple UEs for groupcast transmission and (2) the design of sidelink feedback channel.

Proposal 6: NR supports MIMO transmission on sidelink and MU-MIMO transmission on multiple sidelinks and NR studies:
· The mechanism to obtain CSI information of sidelink, including CQI, RI, PMI;
· The transmission of sidelink reference signal for CSI measurement

Proposal 7: NR supports Tx power control on sidelink for unicast/groupcast/broadcast transmission studies:
· The sidelink power control mechanism.
· The mechanism for sidelink pathloss measurement
· The transmission of sidelink reference signal for sidelink pathloss measurement
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