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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 #94b, we made the following agreements for the design of unicast/groupcast/broadcast on NR sidelink:
	Agreements:
· Layer-1 destination ID is conveyed via PSCCH.
· FFS how many bits are conveyed.
· FFS details for each of the unicast/groupcast/broadcast cases
· Additional Layer-1 ID(s) is conveyed via PSCCH at least for the purpose of identifying which transmissions can be combined in reception when HARQ feedback is in use. 
· FFS whether this ID can be used for other HARQ feedback related operation.
· FFS other purpose
· FFS how many bits are conveyed.
· FFS details including how to convey the ID(s), e.g., whether the ID(s) is conveyed in the SCI or used for CRC scrambling.

Agreements:
· For unicast, sidelink HARQ feedback and HARQ combining in the physical layer are supported.
· FFS details, including the possibility of disabling HARQ in some scenarios
· For groupcast, sidelink HARQ feedback and HARQ combining in the physical layer are supported.
· FFS details, including the possibility of disabling HARQ in some scenarios
Agreements:
· In the context of sidelink CSI, RAN1 to study further which of the following information is useful in sidelink operation when it is available at the transmitter.
· Information representing the channel between the transmitter and receiver
· Information representing the interference at receiver
· Examples for this information are
· CQI, PMI, RI, RSRP, RSRQ, pathgain/pathloss, SRI, CRI, interference condition, vehicle motion
· FFS including
· Such information can be acquired using reciprocity or feedback
· Time scale of the information
· Which information is useful in which operation and scenario


In this contribution, we will present Samsung’s views on physical layer procedures on HARQ transmission, MIMO and CSI and power control for NR V2X sidelink. 
HARQ Transmission in NR Sidelink
To support HARQ feedback-based transmission in sidelink, in addition to destination ID, we propose to include both a source ID and HARQ process number in PSSCH based on the following evaluation on various alternatives:
· Alt1: only destination ID included in SCI, the issue of this Alt is the receiver UE would not be able to differentiate the packets from different transmitter UEs and thus cannot do proper HARQ combination. In the example of Figure 1, both UE-2 and UE-3 are transmitting to UE-1. If only the ID of UE-1 is included in SCI, the UE-1 cannot differentiate the PSSCH transmission from UE-2 and UE-3. 
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Figure 1
· Alt2: conveying transmitter UE ID and destination ID in PSCCH: the receiver UE is able to differentiate packets from different sources and can combine them properly. But we can only support one HARQ processes between one pair of source UE and receiver UE/group in this option, which would limit the transmission efficiency.
· Alt3: conveying HARQ process ID and destination ID in PSCCH: the issue is two source UEs might choose same HARQ process ID and thus the receiver would wrongly combine packets from different transmitters. 
· Alt4: conveying source ID, HARQ process ID and destination ID in PSCCH: the receiver UE is able to differentiate packets from different transmitter UEs and we can also support multiple HARQ processes simultaneously. 
Therefore, we propose to include both source ID and HARQ process number in PSCCH, in addition to destination ID. 
There are various ways to carry those IDs through SCI. The ID can be used to scramble the CRC bits of the SCI or carried in bit-field in the SCI. Scrambling the CRC bits of the SCI can reduce the number of information bits in the SCI. In comparison with source UE ID, using destination ID to scramble the CRC bits of the SCI is better design since it can reduce the blind detection at the receiver UE. The receiver UE only need to use his/her UE ID and the ID of UE group it belongs to blindly detect the SCI. The source UE ID and HARQ process number can be carried in information bits of the SCI.
Proposal 1: In addition to L1 destination ID, source UE ID and HARQ process number are conveyed via PSCCH.  
For a unicast transmission, the HARQ feedback can be HARQ-ACK if the receiver UE decodes PSSCH correctly and HARQ-NACK if the receiver decodes PSSCH wrongly. For a groupcast transmission, there are a few different alternatives on HARQ feedback design: 
· Alt1: each UE feedbacks ACK or NACK: each UE can feedback the HARQ-ACK or HARQ-NACK based on the PSSCH decoding results.
· Alt2: UE only feedbacks NACK: the HARQ feedback only has NACK and the UE who decodes PSSCH wrongly shall feedback.
· Alt3: UE only feedbacks ACK: the HARQ feedback only has ACK and the UE who decodes PSSCH correctly shall feedback
	
	Pros
	Cons

	Alt1. Each UE feedbacks ACK/NACK
	The feedback information can cover all the NACK/ACK/DTX cases of all UEs in the group
	It requires very complex feedback channel design and large overhead. Each UE in the group needs one dedicated feedback resource and the number of UEs in one groupcast is not predictable.

	Alt2. UE only feedback NACK
	Low overhead. Only one feedback resource is needed. It is able to deliver the correct information in most of the cases.
	The case of some UE being DTX and other UEs being ACK is missed. However, the probability of DTX is the BLER of PSCCH, which is expected to be small.

	Alt3. UE only feedback ACK
	Low overhead. Only one feedback resource is needed.
	In most of cases, the feedback information cannot tell whether the packet is received correctly by all receiver UEs 


Based on the comparison of pros and cons of those alternatives, we propose to support Alt2 as HARQ feedback for groupcast transmission.
Proposal 2: For unicast transmission, HARQ feedback is HARQ-ACK/NACK. For groupcast transmission, HARQ feedback is HARQ-NACK only.  
The sidelink feedback can be transmitted through a sidelink feedback channel PSFCH. The PSFCH can be associated with PSCCH channel. The receiver UE first decodes SCI in PSCCH for the scheduling information of PSSCH. Then the receiver UE can find the location of PSFCH based on the corresponding PSSCH and transmit the HARQ feedback accordingly. One example is shown in Figure 2. At slot n, PSCCH 1 schedules the transmission of PSSCH 1. A feedback channel PSFCH 1 at slot n+L is associated with PSCCH1. The receiver UE shall report the HARQ feedback for PSSCH 1 in PSFCH 1. The PSCCH 2 schedules the transmission of PSSCH 2. The feedback channel PSFCH 2 is associated with PSCCH 2 and the receiver UE shall report the HARQ feedback for PSSCH 2 in PSFCH 2.
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Figure 2
Proposal 3: NR V2X supports to use a sidelink feedback channel, PSFCH, associated with the PSCCH for sending HARQ-feedback.  
In the cases of in-coverage and gNB-controlled sidelink resource allocation, i.e., mode 1, there are two different ways for reporting the sidelink HARQ feedback:
· The sidelink receiver UE can report the sidelink HARQ feedback to the serving gNB. The use case of this method is, in mode 1, the sidelink resource and transmission are allocated by the gNB and so the gNB can allocate the sidelink resource for retransmission or new transmission accordingly based on the sidelink HARQ feedback. One uplink PUCCH resource can be used for the UE to report the sidelink HARQ feedback. This way requires the receiver UE to be in RRC connected state.
· The sidelink receiver UE can report the HARQ feedback to the transmitter UE through a sidelink feedback channel PSFCH. The use case for this method is semi-persistent sidelink resource allocation. The gNB allocates multiple resources to one UE and the UE can determine the HARQ new transmission or retransmission on each resource based on the HARQ feedback. This method can also be applied for mode 2, i.e., the transmitter UE selects the resources for PSCCH and PSSCH and PSFCH for the HARQ feedback is associated with the PSCCH.
Proposal 4: For mode 1, support the following two methods for report sidelink HARQ feedback:
· The sidelink receiver UE reports sidelink HARQ feedback to the serving gNB;
· The sidelink receiver UE reports sidelink HARQ feedback to the transmitter UE through PC5.
Multi-antenna transmission and CSI 
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 3. Vehicle A transmits to vehicle B and vehicle C transmits to vehicle D. These two PSSCH transmissions 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 3 Example of MU-MIMO type sidelink transmission
Proposal 5: NR V2X supports MIMO transmission on sidelink and simultaneous parallel transmission on multiple sidelinks through MU-MIMO-based 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 3, 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. The design of sidelink reference signal (SL-RS) can be based on the design of NR CSI-RS. 
Proposal 6: For the sidelink CSI, NR V2X supports:
· Sidelink CSI reporting of CQI and RI; 
· The sidelink PMI is obtained based on channel reciprocity;
· Sidelink CSI can be reported to UE through PC5 and reported to gNB through Uu uplink.
· transmission of sidelink reference signal (SL-RS) for the UE to measure sidelink CSI.
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. In NR V2X, the transmitter UE can adjust the Tx power according to requirement of each transmission. 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. We also need consider the interference of sidelink transmission to the NR system. In the scenario of in-coverage and shared spectrum, the transmitter UE shall adjust the Tx power by taking into account both the path loss of sidelink and the path loss between the gNB and the UE. In the scenario of out-of-coverage or non-shared spectrum, the UE only need to take into account the path loss of sidelink.
To support power control, pathloss of sidelink and Uu link are needed. The pathloss of Uu link can be measured from SSB or downlink CSI-RS configured by the serving gNB. The pathloss of sidelink can be obtained through two methods. Method 1 is the UE can measure a SL-RS sent by another UE to calculate the pathloss between them. The UE can measure the RSRP of the SL-RS and then calculate the pathloss of that sidelink with configured reference signal power - RSRP. Method 2 is the transmitter UE sends a SL-RS for another UE to measure and report the RSRP and then the transmitter UE can calculate the pathloss based on reported RSRP. The measured RSRP can be reported to the transmitter UE directly. In the case of mode 1, the RSRP can also be reported to the serving gNB and then the gNB can control the Tx power for sidelink transmission. Compared with method 2, method 1 requires less overhead because no feedback is needed. Therefore, method 1 is preferred.
Proposal 7: NR supports sidelink Tx power control by considering the pathloss of both sidelink and Uu link.
Proposal 8: NR supports transmission of SL-RS with known Tx power for pathloss measurement.
Conclusions
In this contribution, we presented our views on physical layer procedures for NR V2X sidelink, including the design for HARQ transmission, MIMO and CSI, and power control. Based on the discussion, the following proposals are provided:
Proposal 1: In addition to L1 destination ID, source UE ID and HARQ process number are conveyed via PSCCH.  
Proposal 2: For unicast transmission, HARQ feedback is HARQ-ACK/NACK. For groupcast transmission, HARQ feedback is HARQ-NACK only.  
Proposal 3: NR V2X supports to use a sidelink feedback channel, PSFCH, associated with the PSCCH for sending HARQ-feedback.  
Proposal 4: For mode 1, support the following two methods for report sidelink HARQ feedback:
· The sidelink receiver UE reports sidelink HARQ feedback to the serving gNB;
· The sidelink receiver UE reports sidelink HARQ feedback to the transmitter UE through PC5.
Proposal 5: NR V2X supports MIMO transmission on sidelink and simultaneous parallel transmission on multiple sidelinks through MU-MIMO-based transmission. 
Proposal 6: For the sidelink CSI, NR V2X supports:
· Sidelink CSI reporting of CQI and RI; 
· The sidelink PMI is obtained based on channel reciprocity;
· Sidelink CSI can be reported to UE through PC5 and reported to gNB through Uu uplink.
· transmission of sidelink reference signal (SL-RS) for the UE to measure sidelink CSI.
Proposal 7: NR supports sidelink Tx power control by considering the pathloss of both sidelink and Uu link.
Proposal 8: NR supports transmission of SL-RS with known Tx power for pathloss measurement.
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