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Introduction
In RAN#83, the new work item on 5G V2X with NR sidelink[1] was approved with the following objectives related to sidelink physical layer procedures:
	· Sidelink physical layer procedures as per the study outcome
· HARQ procedures [RAN1, RAN2]
· CSI acquisition for unicast [RAN1]
· CQI/RI reporting is supported and they are always reported together. No PMI reporting is supported in this work. Multi-rank PSSCH transmission is supported up to two antenna ports.
· In sidelink, CSI is delivered using PSSCH (including PSSCH containing CSI only) using the resource allocation procedure for data transmission.
· Power control [RAN1, RAN2]



This contribution will further discuss the sidelink physical layer procedures based on the outcome of study phase. 
Sidelink HARQ procedures 
Based on the outcome of NR V2X study phase, there are two types of sidelink HARQ operation: one is blind retransmission mechanism, which is similar as that in LTE V2X, the retransmission number and resource shall be allocated and indicated in advance; another one is adaptive retransmission mechanism, the retransmission resource shall be allocated and indicated only when NACK feedback is received to achieve early termination gain. 
Blind retransmission is desirable for both broadcast communication and unicast/groupcast communication without HARQ feedback. And adaptive retransmission will be used for unicast/groupcast communication with HARQ feedback enable. 
Blind retransmission
In Rel-14 LTE V2X, only one retransmission is allowed with the consideration of the reliability requirement of basic road safety service [2](up to 95%).  
NR V2X targets to support advanced V2X service, which are categorized into four use case groups: vehicles platooning, extended sensors, advanced driving and remote driving [3]. The reliability requirements for these advanced V2X service are varied from 90% to 99.999%. Therefore, the blind retransmission mechanism in NR V2X provides time diversity gain on top that of LTE V2X with the support of flexible number of retransmission. If SCI is used to indicate the resource for both initial transmission and retransmissions in an explicit manner, it will lead to extreme high SCI overhead, with the consideration of tradeoff among SCI overhead, scheduling flexibility and varied retransmission number, as shown in Figure 1, slot-bundling and pattern-based retransmission mechanism can be further studied.  


Figure 1: Enhanced retransmission in NR V2X
Proposal 1: The blind retransmission mechanism in NR V2X shall be enhanced on top of LTE V2X to support flexible retransmission numbers.
Adaptive retransmission 
1.1.1 Layer-1 information for HARQ operation
If adaptive retransmission is enabled for sidelink unicast and groupcast communication, additional information should be included in the SCI to support the sidelink HARQ operation, which includes HARQ process ID, NDI and RV.
Proposal 2: In case of sidelink unicast/groupcast communication with HARQ feedback enabled, HARQ process ID, NDI and RV shall also be included in SCI. 
1.1.2 PSFCH resource determination
For sidelink unicast communication, ACK/NACK based HARQ feedback is supported and NR PUCCH Format 0 should be considered as the starting point for the design of PSFCH. There is a one-to-one mapping between PSFCH and its associated PSSCH transmission.
For sidelink groupcast communication, there are two options for HARQ feedback:
· Option 1: NACK-based HARQ feedback
The receive UE transmits HARQ-NACK on PSFCH if it fails to decode the corresponding TB after decoding the associated PSCCH.   The receive UE does not transmit on PSFCH otherwise.
· [bookmark: _GoBack]Option 2: ACK/NACK based HARQ feedback
The receive UE transmits HARQ-ACK on PSFCH if it successfully decodes the corresponding TB. It transmits HARQ-NACK on PSFCH if it does not successfully decode the corresponding TB after decoding the associated PSCCH.
Option 1 can be employed by the feedback resource with capability of multiplexing multiple UE’s feedbacks. Multiple UEs can send the NACK information in same PSFCH resource. The source UE can determine whether re-transmission is needed by receiving NACK from any UE through energy detection with the configured threshold. From PSFCH resource determination aspects, option 1 is similar as that of unicast communication, there is also a one-to-one mapping between PSFCH and its associated PSSCH transmission. 
Option 2 requires separate PSFCH resource for each destination UE, there is a one-to-many mapping between PSFCH resources and its associated PSSCH transmission. In order to support option 2 for gourpcast communication, the control signaling, such as RRC signaling or implicit indication through UE ID, for groupcast communication shall be introduced to configure the PSFCH resource for each destination UE. Furthermore, additional PSFCH resource selection mechanism shall also be introduced to avoid PSFCH resource collision.  With the consideration of limited time for NR V2X WI in Rel-16, we prefer to de-prioritize the specification effort for option 2 in Rel-16 NR V2X.
Proposal 3: NACK-based HARQ feedback for sidelink groupcast communication shall be specified in Rel-16, and ACK/NACK-based HARQ feedback for sidelink groupcast communication shall be de-prioritized in Rel-16.
It was agreed that that the time between PSSCH and the associated PSFCH is (pre-)configured. The remaining issue is how to determine the PSFCH resource index in the given slot. With the consideration of one-to-one mapping between PSSCH transmission and its associated PSFCH resource in both unicast communication and groupcast communication with NACK-based HARQ feedback, it is preferred that the PSFCH resource index is derived from the PSCCH/PSSCH resource implicitly.
Proposal 4: In both unicast communication and groupcast communication with NACK-based HARQ feedback, the PSFCH resource index is derived from the PSCCH/PSSCH resource implicitly.
SL- RSRP vs. Tx-Rx distance based HARQ feedback in groupcast communication
When sidelink HARQ feedback is enabled for sidelink groupcast communication, there are two potential options in deciding whether to send HARQ feedback:
· Option 1: SL-RSRP based HARQ feedback
In this option, a SL-RSRP threshold shall be indicated or configured for the sidelink groupcast communication. If the SL-RSRP at the receiver side is larger than the given SL-RSRP threshold, the receiver shall feedback the HARQ-ACK information to the transmitter. Otherwise, no HARQ-ACK information is transmitted from receiver side.  
· Option 2: Tx-Rx distance based HARQ feedback.
Since the HARQ operation is fully a physical layer operation, if Tx-Rx distance based HARQ feedback is employed, the UE positioning information shall be transmitted in physical layer signaling. The accurate UE positioning information cannot be carried by SCI due to the large overhead.   
Based on the above analysis, the benefits of Tx-Rx distance based HARQ feedback is not clear due to coarse distance granularity.  Both options need further study based on system evaluation with the consideration of the imperfect factor. 
Proposal 5: The system performance comparison between SL-RSRP based and Tx-Rx distance based HARQ feedback shall be further evaluated with the consideration of distance quantity granularity.
CSI acquisitions for sidelink unicast communication
CSI acquisition is motivated for link adaptation operation. The CSI information can be obtained through CSI feedback or channel reciprocity. Based on the objectives provided in work item, the sidelink CSI reporting is delivered by PSSCH using the resource allocation procedure for data transmission. Similar as non-standalone CSI-RS for CSI measurement, periodical CSI-only reporting is also not feasible in NR V2X due to half-duplex issue.
Proposal 6: Only aperiodic CSI reporting is support in sdielink unicast communication. 
There are two potential options for CSI reporting:
· Option 1: CSI reporting is transmitted with associated data transmission
In this option, the resource allocation mechanism for data transmission could be purely reused.  
· Option 2: CSI-only information is transmitted by PSSCH
In option 2, CSI information is carried. In case of CSI-only PSSCH transmission, the sub-channel based resource selection shall also be used for CSI-only PSSCH transmission, even the contents of CSI information is much less than that of data. 
Sidelink power control
According to the outcome of NR V2X study phase, OLPC is support for sidelink.  The sidelink power control is mainly used to control the co-channel interference to the sidelink communication of neighboring clusters or the Uu communication of neighboring cells and meet the QoS target of itself service at the same time by compensating the pathloss and other factors.  It will guarantee that the co-channel interference will not affect the Uu link of neighboring cells and sidelink link of neighboring clusters when the resources are dynamic shared between sidelink and Uu links. 

For the sidelink power control minimizing the co-channel interference, the neighboring clusters of the sidelink communication vary in time due to UE mobility. The control of the interference through sidelink power control might not be effective when the target area of the neighboring clusters change in time. Furthermore, reduced transmission power will degrade the transmission reliability, which may impact the QoS requirements of itself service, especially for dual-mobility scenario with drastic channel variation.  
Proposal 7: A sidelink power control mechanism to achieve the minimizing the co-channel interference and meeting the sidelink target SINR should be defined in NR V2X WI.   
 Conclusions
In this contribution, the design aspects for sidelink physical layer procedure are discussed. Particularly, we have following proposals:
Proposal 1: The blind retransmission mechanism in NR V2X shall be enhanced on top of LTE V2X to support flexible retransmission numbers.
Proposal 2: In case of sidelink unicast/groupcast communication with HARQ feedback enabled, besides source and destination IDs, HARQ process ID, NDI and RV shall also be included in SCI. 
Proposal 3: NACK-based HARQ feedback for sidelink groupcast communication shall be specified in Rel-16, and ACK/NACK-based HARQ feedback for sidelink groupcast communication shall be de-prioritized in Rel-16.
Proposal 4: In both unicast communication and groupcast communication with NACK-based HARQ feedback, the PSFCH resource index is derived from the PSCCH/PSSCH resource implicitly.
Proposal 5: The system performance comparison between SL-RSRP based and Tx-Rx distance based HARQ feedback shall be further evaluated with the consideration of distance quantity granularity.
Proposal 6: Only aperiodic CSI reporting is support in sdielink unicast communication. 
Proposal 7: A sidelink power control mechanism to achieve the minimizing the co-channel interference and meeting the sidelink target SINR should be defined in NR V2X WI.   
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