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In RAN 1 #94 meeting, NR sidelink unicast, groupcast and broadcast were discussed and several preliminary assumptions were made from RAN 1’s perspective, as shown in the below[1]:
Agreements:
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]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
Then, a list of issues were discussed for further study, which focus on enhancements on physical procedure for sidelink unicast and/or groupcast, to achieve the performance requirements of various NR V2X services. 
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 discuss the necessity of supporting unicast and groupcast at physical layer, the coexistence of unicast, groupcast, and broadcast, as well as the sidelink enhancement for unicast and/or groupcast.
Discussion
Support of unicast and groupcast at physical layer
In LTE D2D, even though unicast, groupcast, and broadcast communication are supported in sidelink, but there is no difference among them for transmissions at physical layer and all three are transmitted in broadcast manner. This may result in low resource efficiency for unicast and groupcast, where data is targeted to be transmitted to only a particular UE or a particular group of UEs. If unicast and groupcast are performed at physical layer, the channel state between transmit side and receive side can be measured and utilized to achieve better resource utilization.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]To achieve reliability, LTE D2D supports three repetitions for one TB and LTE V2X supports two repetitions for one TB in broadcast manner, respectively. In NR V2X, a higher requirement on reliability should be guaranteed for some certain services, i.e., 99.999%. If the data is still transmitted in broadcast manner, a large number of repetitions is required as the UE with poor channel quality should be taken into account. However, in this case, for UEs with good channel quality, excessive number of repetitions is a waste of resource. If unicast and groupcast could be performed at physical layer, it will be possible to flexibly determine the repetition number based on the link quality between transmit and receive pairs. Furthermore, HARQ feedback mechanism can provide further flexibility to guarantee the reliability as well as improving resource efficiency.    
LTE D2D employs layer-2 source ID and (group) destination ID to identify the target receiver for a packet, a UE cannot identify whether the received data is desired unless it successfully decodes the received data and passes the decoded data to the high layer for identification. This causes that a UE has to decode all the data it receives for high layer identification, which is a large burden for UE reception. If unicast and groupcast are performed at physical layer, some identification mechanism can be adopted at physical layer, which enables that a UE only decodes the desired data.    
Observation 1 Sidelink unicast and groupcast at physical layer can increase reliability and resource efficiency, as well as reduce complexity of UE reception.
For identifying unicast and groupcast at physical layer, some mechanisms are required. Typical solutions like layer-1 ID and dedicated resource allocation can be considered. Scrambling CRC of SCI in PSCCH with a layer-1 ID can enable a UE to identify whether the data is desired or not without decoding PSSCH. However, this may hinder other UEs from successfully decoding SCI for resource sensing purpose in sensing-based SPS of LTE V2X mode 4. Dedicated resource allocation can help distinguish unicast, groupcast, and broadcast transmission, but within unicast or groupcast transmissions, other solutions are also required to indicate the target receiver for transmitted data.  
Observation 2 Mechanism for identifying unicast and groupcast at physical layer should be studied, by considering the effects on resource allocation mechanism.
Based on the observations above, the following proposal is achieved:  
Proposal 1 Sidelink unicast and groupcast at physical layer should be supported and further study the mechanism for identifying unicast and groupcast.
Coexistence of unicast, groupcast, and broadcast
When considering support of unicast, groupcast and broadcast at physical layer, resource configuration for them should also be considered. Generally, dedicated time-frequency resource for each transmission type can reduce UE complexity, but leading to a reduced resource efficiency, while common time-frequency resource for three transmission types can improve resource efficiency but with an increased UE complexity. In LTE V2X, resource pools are (pre-) configured for broadcast transmission, where resource allocation are performed in either mode 3 or mode 4. Similarly in NR V2X, multiple resource pools can be also (pre-) configured for unicast, groupcast, and broadcast, respectively. To provide the flexibility of resource configuration,  the resource pools (pre-) configured for one transmission type can be non-overlapped, partially overlapped, and fully overlapped with those (pre-) configured for another transmission type, according to the performance requirements of NR various V2X services.   
Proposal 2 Multiple resource pools can be configured for unicast, groupcast, and broadcast transmission, and any two resource pools from different transmission type can be non-overlapped, partially overlapped, and fully overlapped.
HARQ enhancements on unicast and groupcast
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]In order to achieve the high reliability of sidelink unicast, both blind repetitions and HARQ feedback mechanism can be considered. From HARQ feedback, the transmit UE knows whether the data has been successfully decoded and sends a retransmission if not. For sidelink, there may exist multiple transmit-receive pairs in proximity area, as shown in figure 1, UE 1 and UE 2 communicate in unicast manner, UE 3 and UE 2 also communicate in unicast manner. UE 2 is expected to receive desired data (re-)transmissions from both UE 1 and UE 3, i.e., in a TDM manner. To enable data soft combining, and thus, it’s necessary to find a mechanism for UE 2 identifying (re-)transmissions for a TB from UE 1 or UE 3 and the corresponding HARQ process ID. On the other hand, UE 2 will send HARQ feedback to either UE 1 or UE 3 about the corresponded decoding results of the received TB. Both UE 1 and UE 3 may receive the HARQ feedback, therefore, it’s necessary to find a mechanism identifying whether the received HARQ feedback is corresponded to its previous transmitted TB for UE 1 and UE 3.   
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[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Figure 1 HARQ feedback for sidelink unicast
Furthermore, when UE wants to send HARQ feedback, it requires resource for the feedback channel. Also, for UE which sends HARQ feedback, it will lose chance for receiving data simultaneously, due to half-duplex problem. Therefore, it’s better to reduce times of transmitting HARQ feedback to deal with these problems, i.e., only ACK or NACK is transmitted which can reduce HARQ feedback transmissions to be half. 
Also the channel structure and resource allocation mechanism for HARQ feedback channel should be studied, both PSCCH-like and NR PUCCH-like channel structure can be considered. Regarding to the resource allocation for HARQ feedback channel, both contention-based and contention-free solution can be studied.  
Proposal 3 Study the following issues to support HARQ feedback for sidelink unicast:
· [bookmark: OLE_LINK9][bookmark: OLE_LINK10]Identification of (re-)transmissions for a TB
· Identification of HARQ feedback for a TB
· HARQ feedback mechanism
· Channel structure for HARQ feedback channel
· Resource allocation for HARQ feedback channel
Different with unicast case, HARQ feedback for groupcast will be more complicated. As one UE can transmit to multiple UEs in groupcast manner as shown in figure 2, each receive UE independently decodes the received data and has a decoding result accordingly. Whether the multiple feedbacks for the same TB are transmitted in integrated or separated manner should be discussed. If it is in integrated manner, the selection of the proper UE for transmitting a set of HARQ feedbacks for the same TB and the distinguished mechanism with unicast HARQ feedback should be studied. If it is in separated manner, the selection of proper feedback resources of multiple UEs should be studied to avoid collision. Also, when a UE receives multiple different HARQ feedbacks for the same TB, it is desired to determine whether a retransmission is required, depending on the retransmission criterion for groupcast. 
Proposal 4 Study whether to support HARQ feedback for groupcast.
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[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Figure 2 Sidelink groupcast transmission
Half-duplex problem of unicast and groupcast
At last, we discuss the half-duplex problem for sidelink unicast and groupcast at physical layer. When a UE transmits, it cannot receive at the same time. Half duplex problem will be more serious for unicast and groupcast, as the transmission always has a target receiver or a target group of receivers. If both transmitter and receiver transmit simultaneously, the unicast and groupcast communication may never succeed. As shown in Figure 3, UE 1 will transmit data to UE 2 and wait for feedback, and UE 2 will transmit data to UE 3 and wait for feedback. If the transmit occasions of UE 1 and UE2 are always same, UE 2 may not receive data from UE 1. Similarly, if the transmit occasions of UE 2 and UE 3 are always same, UE 2 may not able receive feedback from UE 3. Therefore, cooperative mechanism for determining transmit and receive occasions should be studied for unicast and groupcast. A handshake based mechanism can be used for negotiating transmit-receive pair for a clear communication, and predefining a pattern of transmit and receive occasions can also help.
[image: ]
Figure 3 Half-duplex problem in sidelink
Proposal 5 Study for determining transmit and receive occasions for unicast and groupcast to avoid failure of communication caused by half-duplex.
Conclusions
Support of sidelink unicast and groupcast at physical layer as well as the consequent enhancements are discussed in this document and the following conclusions are proposed:
Observation 1 Sidelink unicast and groupcast at physical layer can increase reliability and resource efficiency, as well as reduce complexity of UE reception.
Observation 2 Mechanism for identifying unicast and groupcast at physical layer should be studied, by considering the effects on resource allocation mechanism.
Proposal 1 Sidelink unicast and groupcast at physical layer should be supported and further study the mechanism for identifying unicast and groupcast.
Proposal 2 Multiple resource pools can be configured for unicast, groupcast, and broadcast transmission, and any two resource pools from different transmission type can be non-overlapped, partially overlapped, and fully overlapped.
Proposal 3 Study the following issues to support HARQ feedback for sidelink unicast:
· Identification of (re-)transmissions for a TB
· Identification of HARQ feedback for a TB
· HARQ feedback mechanism
· Channel structure for HARQ feedback channel
· Resource allocation for HARQ feedback channel
Proposal 4 Study whether to support HARQ feedback for groupcast.
Proposal 5 Study for determining transmit and receive occasions for unicast and groupcast to avoid failure of communication caused by half-duplex. 
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