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1 Introduction
In RAN1#94, PSCCH and PSSCH have been agreed. In this paper, we give our view on the further design of NR sidelink. 
Agreements:
· At least PSCCH and PSSCH are defined for NR V2X. PSCCH at least carries information necessary to decode PSSCH.
· Note: PSBCH will be discussed in the synchronization agenda.
· RAN1 continues study on the necessity of other channels. 
· Further study on
· Whether/which sidelink feedback information is carried by PSCCH or by another channel/signal.
· Whether/which information to assist resource allocation and/or schedule UE’s transmission resource(s) is carried by PSCCH or by another channel/signal.
· PSCCH format(s) and content(s) for unicast, groupcast, and broadcast
Agreements:
· At least PSCCH and PSSCH are defined for NR V2X. PSCCH at least carries information necessary to decode PSSCH.
· Note: PSBCH will be discussed in the synchronization agenda.
· RAN1 continues study on the necessity of other channels. 
· Further study on
· Whether/which sidelink feedback information is carried by PSCCH or by another channel/signal.
· Whether/which information to assist resource allocation and/or schedule UE’s transmission resource(s) is carried by PSCCH or by another channel/signal.
· PSCCH format(s) and content(s) for unicast, groupcast, and broadcast
2 NR Sidelink PHY design
Local manager essentially is a UE who can help to coordinate the resource for side-link transmission, see appendix for more details. It can effectively reduce the collision from UE autonomously resource selection. In this section, we list the standard enhancement needed to support local manager operation. 

Since local manager needs to allocate resource for another UE’s TX, that resource allocation message must be transmitted in a PHY channel. And it is very similar to the already agreed PSCCH: “PSCCH at least carries information necessary to decode PSSCH”, since vehicle UE must monitor PSCCH when possible. If we would like to have PSCCH to carry the information for UE to transmit a PSSCH as well, the simplest way is to have similar design as downlink and uplink grant in PDCCH: define two control information formats (SCI: Side-link Control Information). E.g. SCI-1 includes the information needed for UE to receive and decode a PSSCH. SCI-2 includes the information needed for UE to encode and transmit a PSSCH. Both SCI-1 and SCI-2 can be carried by the PSCCH. 
Proposal: PSCCH can carry information for transmit PSSCH. 
Proposal: Define SCI (Side-link Control Information), analogous to DCI in PDCCH, to be carried in PSCCH. At one SCI format (SCI-Rx) can carry the information for receving/decoding PSSCH and at least one SCI format (SCI-Tx) can carry information of transmitting PSSCH. 
Proposal: SCI-Tx should at least include the resource allocation for transmission. The resource allocation can be semi-persistent manner. 
Proposal: FFS whether SCI-Tx can include other information, such as MCS, HARQ and TCI. 

3 Field trial results on the need of beam management in V2V 39GHz communication
In a field trial, see [2] for detail setup, 39GHz V2V has been tested using wide beam antennas. The following two test cases showed a very reliable communication between two vehicles with one or multiple blockers in the range of 100 meters. See below figure for trial setup
[image: ] [image: ]
Figure-1: Illustration of the filed measurement setup. 

Test-1: Distance and blockage effect
In test-1, Rx vehicle drives away from Tx along the line. A blocking vehicle (SUV or Sedan) is placed at 1 meter away (bumper to bumper) from Transmitter vehicle. As a comparison baseline, LOS (no blocking vehicle) case is also tested. 
[image: ]
Figure. 5 Illustration of test case-1
[image: ]
Figure. 6 A Sedan blocks the Tx vehicle at 1 meter distance
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Figure. 7 RSRP power along with the distance between Tx and Rx
Note: all the RSRP values comes from averaging of multiple measurement instances within a time window

As illustrated in figure above, the RSRP is still above -100dBm. Considering the PANDA noise floor is -120dBm, the effective SNR is more than 20dB. Also, the blockage effect is clearly observed since LOS RSRP is clearly higher than Sedan blocking or SUV blocking. Thus we have the following observations:

Observation-1: Even with basic wide beam antenna, RSRP is significantly above noise floor even at 100m range with blockage. 
Observation-2: When Tx and Rx are at short distance (0-50m), vehicle blockage effect is obvious (~5-7dB of RSRP loss) while at long distance (50-100m), vehicle blockage effect is not obvious

Test-3 Vehicle Platooning
In test-3, a platoon was formed up between Tx and Rx vehicles in a line to test the blockage effects from multiple blockers. Vehicles are placed with 5m distance between each other (bumper to bumper). The distance between Tx and Rx vehicle depends on the number of vehicles in between as well the length of each vehicle. Also, the RSRP results of LOS at the same distance is given as comparison. 
[image: ]
Figure. 10 Illustration of vehicle platooning test case
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Figure. 11 Panorama photo of vehicle platoon


[image: ] [image: ]
Figure. 12 RSRP corresponding to # of vehicle in platoon (left). Photo of 7th vehicle deviated from the line (right)

Note: all the RSRP values comes from averaging of multiple measurement instances within a time window
In particular, we accidently placed the 7th vehicle a little off from the platooning lane, see above picture. Interestingly, we observed the RSRP goes up after 7th vehicle added into the platoon. Our explanation is that the 7th vehicle actually brought up some knife-edge effect (observed from case-2) since the 7th vehicle is a little off from the platooning lane.  

Observation-5: The first blocking vehicle in the platoon adds obvious blockage effect. And additional vehicle only introduce marginal blockage effect. 
Observation-6: When a vehicle is placed slightly deviated from the platooning lane, such as the 7th vehicle in case-3. It may create knife-edge effect which introduces additional gain to the received power. 
Observation-7: With 7 vehicles in the platoon, receiving signal strength is still very good (RSRP > -100dBm)


4 Side-link beam management 
In section-3, the field trial results show very good signal quality for at least 100 meters between Tx and Rx even with the case of multiple blocking vehicles in between. Since this field trial is based on wide beam antenna, we see there is no need to have full-blown of beam management procedure for NR sidelink for FR2. A wide beam antenna panel can work well in the range of 100meters for V2X communication. 

Proposal: There is no need to have full-blown beam management in NR V2X for FR2. 

On the other hand, vehicle antenna might be different from cell phone or base-station. For example, bumper antenna vehicle normally have two antenna panels: on front and back bumper separately. And each antenna panel can have wide beam to cover ~180 degree of area. Selecting the right antenna panel to transmit might be important, and it is similar to selecting beam except the two antenna panel may receive signal simultaneously. We propose to further study whether such simple version of beam or antenna panel management scheme is needed for NR sidelink design. Note, antenna panel management is not just for FR2, it is for FR1 as well. 
In addition, consider a limited number of antenna panels in a vehicle, it’s possible to apply beam selection process using learning by doing principle. A simple example is that the Rx UE will use one panel to try to receive PSSCH, and if it’s of good quality, then Rx UE keeps using that panel. If not it try to use a different panel. 

Proposal: Further study the need of simple version of “beam management” for vehicle antennas. e.g. select between front and back bumper antennas. 

5 Views on the general PHY design
The below agreement has been made in previous meeting, it opens the door o pretty much very aspects of the PHY design. In our view, we should determine the basic design as earlier as possible for the progress. Thus we have the following proposals: 
· Waveform: CP-OFDM only
· Subcarrier spacing: Single SCS for each FR. (e.g. 30kHz for FR1 and 120kHz for FR2)
· CP length: Normal CP
· RS design: Reuse all the PUSCH as starting point
· Candidates are:
· DM-RS: Uplink DM-RS defined in Rel-15 NR Uu is the starting point.
· PT-RS: Same as UU interface 
· CSI-RS for CSI acquisition and frequency/time tracking: same as in UU interface
· SRS: no need to have SRS. – NO need. 
· AGC training signal --- Can be part of the DMRS thus there is no need to have dedicated AGC training signal. 
· Channel coding: 
· For PSSCH, LDPC as Rel-15 data channels. 
· For PSCCH, follow Rel-15 control channels. 
· Modulation – Reuse PUSCH (256QAM)
· RE mapping and rate-matching
· Scrambling

6 Conclusion
In this contribution, we proposed the phy structure and procedures for NR sidelink. Details can be found in section-5.
Proposal-1: PSCCH can carry information for transmit PSSCH. 
Proposal-2: Define SCI (Side-link Control Information), analogous to DCI in PDCCH, to be carried in PSCCH. At one SCI format (SCI-Rx) can carry the information for receving/decoding PSSCH and at least one SCI format (SCI-Tx) can carry information of transmitting PSSCH. 
Proposal-3: SCI-Tx should at least include the resource allocation for transmission. The resource allocation can be semi-persistent manner. 
Proposal-4: FFS whether SCI-Tx can include other information, such as MCS, HARQ and TCI. 
Proposal-5: There is no need to have full-blown beam management in NR V2X for FR2. 
Proposal-6: Further study the need of simple version of “beam management” for vehicle antennas. e.g. select between front and back bumper antennas. 
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8 Appendix

Three-Party based communication framework 
Typical communication is between two nodes, for example, cellular communication is between base-station and UE(s). And it has been further categorized into downlink and uplink based on the direction of data packet flow. No matter which direction it is, base-station serves two roles: as a data packet transmitter/receiver and as a scheduler which decides the radio resource to be used for every data packet, see below figure. 

[image: ]
Figure.1 Two-Parties communication diagram
In order to support more flexible communication structure, it’s better to have a separate node dedicated as scheduler node, see figure.2. The function of Node-S is to coordinate the resource usage within a local area. Thus we also call Node-S as local manager. Similar to two parties’ communication, local manager sends DCI to Node-T and Node-R to convey the scheduling decision. Three parties communication is much flexible than traditional two parties counterpart mainly because it doesn’t need formal association between the Node-T/Node-R with Node-S. In C-V2X, a vehicle UE can serve as local manager to surrounding vehicles. That can effectively reduce transmission collision. 
With the present of local manager, sidelink communication is in hierarchical structure. In another words, vehicle UEs need to associate with local manager somehow. However, there is no need to have full association just like UE-BS in cellular network since local manager essentially is another UE. It simply helps to coordinate the resource utilization in a certain area.  In our opinion, UE can have “diet” connection to local manager, which means UE synchronizes to local manager and blindly decode control channel following the search space configured for it. Also, when UE switch to a different local manager, no need to have normal handover procedure, UE simply just send an SR to another local manager to ask for new resources. 


[image: ]
Figure.2 Three Parties communication diagram

PHY procedures for local manager 
As per definition, local manager is a pure scheduler to coordinate the resource in a certain local area. That makes it different from a regular base-station. As a result, UE doesn’t need to fully associate to a local manager, instead, all the C-plane signaling can be done through cellular network. In this section, we show several key procedures that local manager needed. 

Synchronization and scheduling request procedure: Local manager needs to broadcast synchronization and system information periodically for other vehicle to discover the existence of the local manager. When detected, other UEs can send scheduling request to the local manager to ask for resource. Note, here SR may only include one bit, the full BSR, including the QoS, buffer status, traffic type etc. ,can be relayed by cellular network to local manager. Once UE sends scheduling request to a local manager, it shall monitor the control channel configured for that local manager. It’s possible that one UE “connects” to multiple local manager. 

Discovery: In order to let other UEs knows the existence of Node-T, Local manager may trigger Node-T to transmit A-DRS to be received by surrounding UEs. Those UEs need to report RSRP back to local manager, thus local manager can have a list of UEs which can be reached by the Node-T.

CSI acquisition: in order to have close-loop MIMO transmission and better link adaption, CSI acquisition procedure can obtain the CSI for the local manager. The procedure is similar to the CSI acquisition in cellular system, local manager can send a DCI to trigger Node-T to transmit A-CSI-RS, and meanwhile, local manager sends a DCI to trigger Node-R to measure and report the CSI back to local manager. 

Data transmission: Local manager should run the scheduling procedure then determine which UE can transmit on which radio resource. Then it should covey the scheduling decision by a DCI-T to the node-T and possibly a DCI-R to Node-R. Possibly the DCI-T and DCI-R can be jointly encoded and received by Node-T and Node-R. Upon reception the DCI-T, node-T should transmit data packet on PSSCH and possibly feedback an ACK on the DCI-T back to Node-T. And Node-R should receive and decode the data packet and feedback the ACK/NAK back to Local manager for further HARQ process. 
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