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1. Introduction
The NR V2X SI has been approved in the RAN plenary #80 meeting. One of the objectives of this SI is to identify technical solutions for NR to support sidelink unicast, sidelink groupcast and sidelink broadcast [1].
	· 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
· [bookmark: _GoBack]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 this contribution, we provides our consideration on the motivation and usage of sidelink unicast and groupcast, as well as some technical issues and potential solutions.
2. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Motivation and usage
In the LTE sidelink design, only broadcast based communication is supported for V2X. Although it is enough for basic safety service, it has some difficulties to support many of the advanced V2X services identified in [2] that require one to one communication between UEs on sidelink. 
A simple and unified scheme that bases on the L2 ID and the MAC PDU format version to support sidelink unicast, groupcast and broadcast transmissions was adopted for LTE D2D. Though it is very simple and straightforward, it cannot exploit physical layer feedback information for unicast or groupcast sidelink transmission, which implies that multiple replications are usually employed for ensuring the robustness of the transmission. Further, any sidelink transmission is broadcasted without assumption regarding the link properties related to a receiver, which means that link adaptation is not possible. Consequently, the transmitting UE tends to utilize unnecessarily low modulation scheme and code rate in the realistic implementation. As a result, the spectrum efficiency of this broadcast based scheme is too low to support sidelink transmission with higher data rate, e.g. Extended Sensor use case in [2], over the available ITS spectrum, especially when there are multiple UEs performing the broadcast based transmission in the proximity.
Moreover, according to the SI objectives, both FR1 and FR2 should be supported for NR sidelink. In FR2, due to the narrow beamwidth property of millimeter wave, broadcast transmission would inevitably require beam sweeping to cover multiple UEs scattered in all directions. The spectral inefficiency issue would be much severer if the LTE-like, higher layer based unicast/groupcast transmission scheme is still used. On the other hand, physical layer unicast and groupcast transmissions in FR2 is beneficial, as it may better exploit the spatial reuse gain and mitigate the hidden node problem and exposed node problem. Therefore, it is desirable to support physical layer unicast and groupcast sidelink transmissions, as least for FR2.
Further, the advanced V2X services have different QoS requirements, e.g. different communication ranges, for different use cases. It is required in [2] that the 3GPP system shall be able to control the communication range for a message based on the characteristic of the messages transmitted by a UE. For example, in the Vehicle Platooning use case, the communication range of the messages within the platoon should be different from that outside the platoon. Thus the transmission power may need to be different for different type of transmissions (unicast, groupcast or broadcast) and different source or destination of message, which may be beneficial to interference suppression. 
Lastly, unlike the basic safety service, some advanced V2X services are intended only for a specific set or group of UEs. From privacy and security perspective, the unicast or groupcast communication may need protection at link layer as well. Physical layer unicast and groupcast sidelink transmissions are also favorable in this sense. Therefore, we propose that,
[bookmark: _Ref521243431]Proposal 1: Physical layer unicast and group cast sidelink transmission should be supported for NR V2X, as well as sidelink broadcast.

3. Potential issues
There are many issues to address in order to support physical layer unicast, and groupcast for NR sidelink. At least the following four issues need to be considered, and can be taken as a starting point for discussion. 
· L1 feedback
· RS and CSI measurement
· Power control
· Discovery of UE and group

3.1. L1 feedback
As discussed in section 2, L1 feedback is important for unicast sidelink transmission. The following functionalities are deemed fundamental and necessary for sidelink L1 feedback:
· HARQ acknowledge
· avoiding unnecessary repetitions 
· assisting to preliminary link adaptation
· CQI
· deriving effective modulation scheme and code rate
· assisting to link adaptation
· L1-RSRP
· supporting beam operation especially for FR2
While the following feedbacks may need to be further studied and may be introduced in a later phase:
· PMI, RI, LI
· enabling  multiple layer transmissions for high data rate, depending on the evaluation result of whether it is needed to meet the SA KPIs
In addition, obviously the SR is not needed unless a scheduling node is defined in the sidelink architecture.
[bookmark: _Ref521243432]Proposal 2: HARQ acknowledge, CQI and L1-RSRP report are necessary for sidelink L1 feedback, and PMI/RI/LI may be introduced in a later phase. 

Given that feedback contents, the next question is how to carry them in the sidelink interface. One option is to introduce a dedicated control channel to collect the feedbacks from each sidelink peers, somehow similar to the PUCCH in uplink. However, unlike the uplink where synchronization between all the UEs multiplexing the PUCCH can be maintained by gNB via TA command, it is unlikely that such synchronization can be achieved at the receiving UE in sidelink, especially considering different synchronization sources may be configured for different transmitters. Moreover, it is challenging to ensure power balance from all the multiplexing UEs at the receiver side. 
Another option is to piggyback the feedbacks in the PSSCH. Compared with the previous option, it does not require coordination between transmitters. The rule for multiplexing the UCI to the PUSCH can be reuse to piggyback the sidelink feedbacks, although some modification is needed considering the impact of AGC and GP, as discussed in [3]. Nevertheless, it has less complexity and specification efforts compared with option 1, and does not require an additional physical layer channel for L1 feedback.
[bookmark: _Ref521243433]Proposal 3: L1 feedback of sidelink is piggybacked in the PSSCH.

3.2. RS and CSI measurement
In order to support the L1 CSI feedback, reference signals should be properly designed. 
For CSI derivation, instead of CSI-RS in downlink, the SRS with proper modification may be reused.
For L1 and L3 RSRP measurement in downlink, the synchronization signals can be used because for a same cell the gNB is the only sender of SS. However, this scheme may not work in the sidelink, because the PSSS and SSSS are transmitted from multiple UEs with the same synchronization source. The receiver UE has difficulty to measure the RSRP for individual transmitter. Thus, additional dedicated RS is needed, and the sidelink SRS can be considered for this purpose.
[bookmark: _Ref521417958]Proposal 4: SRS is reused in sidelink for L1-RSRP and CSI measurement.

3.3. Power control
In LTE sidelink design, only open loop power control is supported for sidelink, and the transmitting power (consequently the communication range) is determined by the distance between the UE and the eNB. Longer the distance, larger the communication range, as long as the maximum transmission power is not exceeded. This mechanism may not meet the SA1 requirement. 
As required by SA1 in [2], the transmitting UE should be able to control the communication range of the V2X message sent in sidelink, based on the characteristic of the messages. Therefore, the power control scheme should allow the transmitting power of the message differs from one to another depending on the sidelink destination, instead of the distance to the gNB. For example, the message sent to one specific group (e.g. vehicle within the same platoon) may be transmitted with lower power than that to other group (e.g. the RSU, or the vehicle outside the platoon). It is beneficial from privacy and security perspective, and is also favorable to reducing the interference, thus achieving higher spatial reuse gain. Moreover, the transmitting power to some specific target (e.g. the platoon leader) may be higher to increase the robustness. In order to fine tune the transmission power, a close loop power control scheme may also be needed.
[bookmark: _Ref521417959]Proposal 5: Power control scheme should be able to set the transmitting power of each message according to the sidelink destination. Close loop power control may also be needed.

3.4. Discovery of UE and group 
For groupcast transmission, there is also a need for a mechanism of discovery of the group and group maintenance. It may be handled at application layer based on the V2X messages; however, a RAN layer discovery procedure would be more optimal.
Similarly, in order to establish and maintain the link between the peer UEs in sidelink for unicast transmission, it should be a mechanism to inform the peer of the existence of the UE and the capability of the UE for the unicast communication. This mechanism is preferable to be a RAN layer procedure to enable parameter negotiation for radio link. A control-plane protocol stack as well as a physical channel may be needed. The physical channel can be a new dedicated physical channel, or be piggybacked in the SL-SSB structure [4].
[bookmark: _Ref521417960]Proposal 6: A control-plane protocol stack as well as a physical channel may be needed for link discovery, link establishment and maintenance for sidelink unicast and groupcast.

4. Conclusion
In the contribution, we provides our consideration on the support of sidelink unicast, groupcast and broadcast, and propose that,
Proposal 1: Physical layer unicast and group cast sidelink transmission should be supported for NR V2X, as well as sidelink broadcast.
Proposal 2: HARQ acknowledge, CQI and L1-RSRP report are necessary for sidelink L1 feedback, and PMI/RI/LI may be introduced in a later phase.
Proposal 3: L1 feedback of sidelink is piggybacked in the PSSCH.
Proposal 4: SRS is reused in sidelink for L1-RSRP and CSI measurement.
Proposal 5: Power control scheme should be able to set the transmitting power of each message according to the sidelink destination. Close loop power control may also be needed.
Proposal 6: A control-plane protocol stack as well as a physical channel may be needed for link discovery, link establishment and maintenance for sidelink unicast and groupcast.
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