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Introduction
In RAN1 #95 meeting, the physical layer procedures in NR sidelink were discussed, and achieved the following agreements [1]:
	Agreements:
· Physical sidelink feedback channel (PSFCH) is defined and it is supported to convey SFCI for unicast and groupcast via PSFCH.
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Agreements:
· When SL HARQ feedback is enabled for unicast, the following operation is supported for the non-CBG case:
· Receiver UE generates HARQ-ACK if it successfully decodes the corresponding TB. It generates HARQ-NACK if it does not successfully decode the corresponding TB after decoding the associated PSCCH which targets the receiver UE.
· FFS whether to support SL HARQ feedback per CBG
Agreements:
· When SL HARQ feedback is enabled for groupcast, the following operations are further studied for the non-CBG case:
· Option 1: Receiver UE transmits HARQ-NACK on PSFCH if it fails to decode the corresponding TB after decoding the associated PSCCH. It transmits no signal on PSFCH otherwise. Details are FFS including the following:
· Whether to introduce an additional criterion in deciding HARQ-NACK transmission
· Whether/how to handle DTX issue (i.e., transmitter UE cannot recognize the case that a receiver UE misses PSCCH scheduling PSSCH)
· Issues when multiple receiver UEs transmit HARQ-NACK on the same resource
· How to determine the presence of HARQ-NACK transmissions from receiver UEs
· Whether/how to handle destructive channel sum effect of HARQ-NACK transmissions from multiple receiver UEs if the same signal is used
· Option 2: Receiver 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 which targets the receiver UE. Details are FFS including the following:
· Whether to introduce an additional criterion in deciding HARQ-ACK/NACK transmission
· How to determine the PSFCH resource used by each receiver UE
· FFS whether to support SL HARQ feedback per CBG
· Other options are not precluded
Agreements:
· It is supported to enable and disable SL HARQ feedback in unicast and groupcast.
· FFS when HARQ feedback is enabled and disabled.
Agreements:
· Study further whether to support UE sending to gNB information which may trigger scheduling retransmission resource in mode 1. FFS including
· Which information to send
· Which UE to send to gNB
· Which channel to use
· Which resource to use



In this contribution, we will further discuss the design aspects on physical layer procedures in NR sidelink. The discussion is mainly focus on the following topics:
· Additional Layer-1 ID for HARQ operation.
· HARQ feedback operation.
· CSI Acquisition.
· Power control.
Additional Layer-1 ID for HARQ operation
The LTE sidelink V2X supports up to 1 autonomous retransmission in the broadcast type of transmission.  The SCI indicates the resource of the current transmission and the retransmission of the same TB. The initial and retransmission are indicated by the SCI. The receive UE could perform HARQ combining of each TB from the resource indication in the SCI.
In NR V2X, the reliability requirements for different NR use cases are quite different. Some advanced V2X services have higher reliability requirements than those of LTE V2X. The maximum number of retransmission times can vary based on the QoS requirements.
Whether additional layer-1 ID for HARQ operation is introduced would mainly depend on the resource allocation/indication scheme. Two options are illustrated as follows: 
· Alt 1: The retransmission resources are allocated and determined in advance, e.g. similar as LTE V2X, the resources of initial transmission and re-transmission are indicated jointly by one SCI. 
· Alt 2: Not all the retransmission resources are allocated in advance, e.g. the resources of initial transmission and re-transmission are indicated separately by different SCI. 
For Alt 1, no additional layer-1 ID is needed. Some additional layer-1 IDs shall be introduced for Alt 2 to differentiate the source UEs, e.g. source ID. Comparing with Alt 1, Alt 2 can avoid resource overbooking for a HARQ process. Alt 1 is desirable for broadcast communication mode with automatic/blind retransmission; Alt 2 would be beneficial to the unicast communication to optimize the resource utilization. In groupcast communication, whether additional Laye-1 ID needed or not is really depends on the resource allocation mechanism design and groupcast HARQ feedback mechanism design.  
Proposal 1: Whether source ID is included in SCI depends on type of the communication and resource allocation/indication scheme.
In unicast communication, additional information should be included in the SCI to support the sidelink HARQ operation, which includes source ID, HARQ process ID and NDI.
The “Source ID” in the SCI helps the receiver to differentiate the receiving data from different sources before decoding the data. “HARQ process ID” is used to indicate the HARQ processor when the number of HARQ processors supported by the UE is more than 1. The NDI is used to indicate whether the data is for the initial transmission or retransmission of a HARQ processor.
Proposal 2: For HARQ operation of unicast, the source ID, the HARQ process ID, and NDI are included in the SCI in addition to the destination ID.   
HARQ feedback operation
HARQ feedback for unicast in Mode 2 
It was agreed that ACK/NACK based HARQ feedback for unicast is supported in NR-V2X. The PSFCH is supported to convey the ACK/NACK feedback information. How to determine the associated PSFCH resource should be further studied.  In general, there are two options for the PSFCH resource determination.
· Option 1: Implicit: the PSFCH resource is derived from the PSCCH/PSSCH resource implicitly, which is similar to that of PHICH resource or PUCCH format 1/1a  indication in LTE Uu.
· Option 2: Explicit:  the associated PSFCH resource is indicated by SCI explicitly, which is similar as that of PUCCH resource determination in NR Uu.
For option 1, there is a one-to-one mapping between the PSCCH/PSSCH resource and the associated PSFCH resource.    Option 2 can provide flexible PSFCH resource selection, e.g. flexible ACK/NACK feedback timing for different delay requirements and different UE processing capability. Option 2 can also provide higher resource efficiency for PSFCH resource. However, option 2 needs additional signaling in indication of the resource sensing/selection mechanism to avoid PSFCH resource collision, which will increase the resource selection complexity.
Proposal 3: Both options for PSFCH resource determination shall be further studied.
· Option 1: Implicit indication, the PSFCH resource is derived from the PSCCH/PSSCH resource implicitly 
· Option 2: Explicit indication, the associated PSFCH resource is indicated by SCI explicitly.
 HARQ feedback for groupcast in Mode 2 Resource Allocation
In RAN1#95 meeting, the HARQ feedback for sidelink groupcast were discussed, there are two options as follows:
· Option 1: NACK-based feedback 
· Option 2: ACK/NACK-based feedback
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 the resource. The source UE can determine whether re-transmission is needed by receiving NACK from any UE. The benefit of option 1 is the lower PSFCH overhead. The issues of option 1 are mainly DTX handling when the groupcast grant is not received by the UE. Option 2 requires additional PSFCH resource of transmitting both ACK and NACK for each destination UE, and the DTX issues can be handled in option 2. However, the PSFCH resource overhead in option 2 will increase in proportional to the number of destination UEs. 
Based on the above analysis, we prefer NACK-based feedback for sidelink groupcast communication.
Proposal 4: NACK based HARQ feedback is preferable in sidelink groupcast communication.
In addition, there is also a potential range-based groupcast communication without explicit grouping establishment operation. In order to improve the reliability of this groupcast communication, the range-based groupcast HARQ feedback mechanism is proposed. For example, if this type of groupcast has no resource coordination, the gain of only ACK/NACK feedback mechanism may be minor, since the UEs belong to this virtual group may have a resource collision or half duplex issues. Therefore, it is better to have a clear idea about the related use cases, and further study the reliability improvement mechanism, including resource allocation, ACK/NACK feedback mechanism, and etc.
Proposal 5: Whether to support range-based groupcast communication need further study, including the related used case, mechanisms to improve the reliability (e.g. resource allocation, range-based ACK/NACK feedback). 
HARQ Feedback for Unicast in Mode 1 Resource Allocation
The gNB should know the ACK/NACK feedback information in sidelink communication for resource allocation mode 1 since the sidelink transmission is controlled by gNB. In general, there are four options of the HARQ procedure in mode 1, as illustrated in Figure 2.
· Option 1: The ACK/NACK shall be feedback to Source UE through sidelink, and source UE forward the ACK/NACK to gNB.
· Option 2: The ACK/NACK shall be directly sent to gNB through Uu by receiving UE. 
· Option 3: The ACK/NACK shall be feedback to source UE through sidelink, gNB has the capability to monitor NR sidelink 
· [bookmark: _GoBack]Option 4: gNB allocate the initial transmission resource, the re-transmission shall be performed by mode 2.



Figure 2: HARQ procedure in mode 1
All of the four options need further studied, option 1 is more generic one, it can reuse most of the design aspects of mode 2 in sidelink, but it will introduce larger delay due to ACK/NACK forward operation, and it also requires some enhancement on the NR Uu for sidelink ACK/NACK transmission.
 Option 2 is more efficient, since all the transmission are controlled by gNB, then it is better for gNB to know the ACK/NACK feedback directly from receiving UE, it can reduce the latency, but when the UEs are associated in different gNB or partial coverage, option 2 may have some problem. 
Option 3 requires the gNB has the capability of sidelink reception. 
Option 4 is the simplest one, only initial transmission is controlled by gNB, the retransmission will employ distributed transmission mechanism, and it can reuse most of the design aspects of mode 2 in sidelink. Compare with option 1, it can reduce the re-transmission latency. 
Proposal 6: All of four options for HARQ operation in mode 1 resource allocation shall be further studied; option 1 is slightly not preferred due to latency.
CBG-based HARQ for unicast and groupcast
CBG-based HARQ is only useful for some use case with high date rate or large packet size. In gourpcast, there are multiple receivers, then the receiving status and feedback for each CBG may differ from UE, comparing with TB-based HARQ feedback, the gain is not clear. So the CBG-based HARQ operation for sidelink groupcast is not preferable. 
In unicast, the destination UE number is only one, the CBG-based HARQ operation could be further study.
Proposal 7: CBG-based HARQ operation is not preferable in sidelink groupcast communication. Whether to support CBG-based HARQ operation is FFS in sidelink unicast communication. 
CSI Acquisition
Channel state information is used for link adaptation operation and power control. In NR V2X, CSI information is needed for the link adaptation gain. The following aspects should be addressed in the sidelink system design for the CSI acquisition. 
· The CSI  measurement 
In NR V2X, the co-channel interference is dynamic and varied in time. The co-channel interference of any sidelink resource would vary in time due to the mobility of the interference sources. The interference is a 2nd order statistic. The time-varying interference would be very challenged to be estimated accurately. The interference estimation would not be accurate, no matter using channel reciprocity or CSI feedback.
Proposal 8:  The co-channel interference for NR V2X is dynamic and varies in time. It is very challenged to be estimated accurately.  
· CSI acquisition through channel reciprocity or CSI feedback
For CSI acquisition through CSI feedback by the receiving UEs, the CSI-RS needs to be configured and transmitted periodically by the transmitting UE in order for the receiving UE’s measurements of channel state information and the estimation of the interference. The CSI needs to be fed back from the receiving UEs to the transmitting UE periodically or intensely in short period before the transmission to get the link adaptation gain. The link adaptation gain would be diminished if the CSI feedbacks by the receiving UEs are inaccurate or aged. The overhead of CSI acquisition through CSI feedbacks by the receiving UEs is too much and the benefit of sidelink link adaptation gain is limited.  
For CSI acquisition through channel reciprocity, the transmitting UE could also use the DMRS or other RS, such as RS used for AGC training, transmitted by the receiving UE to derive the channel state information of the receiving UE. The precoding information and channel state information through channel reciprocity is quite accurate. 
Compare the above two options, the CSI acquisition through channel reciprocity could get similar channel state information to that of CSI feedback especially for the high speed scenario. 
Proposal 9:  The CSI acquisition through channel reciprocity should be considered for the link adaptation gain of sidelink unicast communication.  
· Procedure for CSI acquisition
AGC-RS is defined and used for CSI measurement. It is not efficiently for any UE to send a periodic RS for sidelink only for CSI measurement, such as CSI-RS or SRS. To obtain accurate CSI information on sidelink and ensure the CSI information is valid to assist the resource selection and/or link adaptation, time scale of CSI acquisition should to be guaranteed. An AGC-RS needs to be transmitted before every data transmission or completely independently on PSSCH for the receiving UE to perform CSI acquisition.
Proposal 10:  In order to obtain accurate CSI information, the AGC-RS needs to be transmitted before every data transmission or completely independently on PSSCH for the receiving UE to perform CSI acquisition.
Power control
LTE V2X sidelink communication is in broadcast mode without power control.  Maximum transmission power is transmitted on the LTE sidelink to carry the basic V2X safety messages to reach its farthest range for UEs to   receive. The maximum Tx power on the LTE sidelink also creates the large co-channel interference for the sidelink communication at the neighboring cluster. Comparing with LTE sidelink broadcast type communication, NR supports not only the sidelink broadcast communication but also the sidelink groupcast and unicast. The communication range is one of the NR sidelink QoS parameters to identify the supported range of the any type sidelink communication. For groupcast or unicast, the transmit power should be limited to a certain level to reduce the co-channel interference to other non-intended receivers performing sidelink transmissions. 
The sidelink power control for NR V2X is to control the transmitted power in meeting the target SINR and minimizing the co-channel interference to the neighboring V2X cluster. The open loop power control is to compensate the pathloss between the UEs in achieving the target SINR. The closed power control is for transmitting UE to adjust the Tx power based on the TPC feedback from the receiving UE, which the receiving UE performs quality control loop for the control of the received data BLER.  For NR sidelink communication, the power control should apply to unicast and groupcast only.  The open loop power control would be based on the compensation of pathloss of target receiving UE for the unicast or the highest pathloss among receiving UEs within the group for the groupcast. The closed-loop power control is very challenged to support in the NR sidelink due to variation of interference in sidelink communication.   
Proposal 11:  NR sidelink could support open loop power control for unicast and groupcast communication.
Conclusion
In this contribution, the issues and potential enhancements of physical layer procedures for unicast, groupcast and broadcast in NR sidelink are discussed. We have following proposals:
Proposal 1: Whether source ID is included in SCI depends on type of the communication and resource allocation/indication scheme.
Proposal 2: For HARQ operation of unicast, the source ID, the HARQ process ID, and NDI are included in the SCI in addition to the destination ID.   
Proposal 3: Both options for PSFCH resource determination shall be further studied.
· Option 1: Implicit indication, the PSFCH resource is derived from the PSCCH/PSSCH resource implicitly.
·  Option 2: Explicit indication, the associated PSFCH resource is indicated by SCI explicitly.
Proposal 4: NACK based HARQ feedback is preferable in sidelink groupcast communication.
Proposal 5: Whether to support range-based groupcast communication need further study, including the related used case, mechanisms to improve the reliability (e.g. resource allocation, range-based ACK/NACK feedback). 
Proposal 6: All of four options for HARQ operation in mode 1 resource allocation shall be further studied, option 1 is slightly not preferred due to latency.
Proposal 7: CBG-based HARQ operation is not preferable in sidelink groupcast communication. Whether to support CBG-based HARQ operation is FFS in sidelink unicast communication. 
Proposal 8:  The co-channel interference for NR V2X is dynamic and varies in time. It is very challenged to be estimated accurately.  
Proposal 9:  The CSI acquisition through channel reciprocity should be considered for the link adaptation gain of sidelink unicast communication.  
Proposal 10:  In order to obtain accurate CSI information, the AGC-RS needs to be transmitted before every data transmission or completely independently on PSSCH for the receiving UE to perform CSI acquisition.
Proposal 11:  NR sidelink could support open loop power control for unicast and groupcast communication 
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