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Introduction
In RAN1 #94bis meeting, the following agreements were achieved related to mechanism for physical layer procedures in NR sidelink [1]:
	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
Agreements:
Sidelink control information (SCI) is defined.
SCI is transmitted in PSCCH.
SCI includes at least one SCI format which includes the information necessary to decode the corresponding PSSCH.
NDI, if defined, is a part of SCI.
Sidelink feedback control information (SFCI) is defined.
SFCI includes at least one SFCI format which includes HARQ-ACK for the corresponding PSSCH.
FFS whether a solution will use only one of “ACK,” “NACK,” “DTX,” or use a combination of them.
FFS how to include other feedback information (if supported) in SFCI.
FFS how to convey SFCI on sidelink in PSCCH, and/or PSSCH, and/or a new physical sidelink channel
FFS in the context of Mode 1:
whether/how to convey information for SCI on downlink
whether/how to convey information of SFCI on uplink


In this contribution, we will discuss the issues and potential enhancements of physical layer procedures for unicast, groupcast and broadcast in NR sidelink.
Layer-1 ID for SCI
Layer-1 destination ID 
It has been agreed that at least the Layer-1 destination ID is conveyed via PSCCH, The destination ID would be designed to be the receive UE ID for the unicast and the group ID for the groupcast.
For destination ID, the following issues should to be addressed for unicast and groupcast:
· Whether the Layer-1 destination ID is derived from higher layer ID or generated by Layer-1? 
· Whether the ID(s) is conveyed in the SCI or used for CRC scrambling?
· The value of the Layer-1 destination ID for each of the unicast/groupcast/broadcast cases?

[bookmark: _GoBack]In LTE sidelink V2X broadcast design, the UE ID is generated and maintained by the application layer. The L2 source UE ID is set to be the UE ID.
For unicast in NR V2X, the UE ID of the peer UE is exchanged during the discovery procedure and the connection setup, which can be indicated in the PHY message or can be derived from the MAC message. The Layer-1 destination ID is obtained from the peer UE ID.
For groupcast in NR V2X, the group ID is generated by the application layer of the group header when the V2X group is established and the group ID is informed to group members during the discovery procedure and the connection setup, which can be indicated in the PHY message or can be derived from the MAC message. The Layer-1 destination group ID is derived from the group ID. 
Observation 1: For unicast and groupcast, the Layer-1 destination ID is obtained from the peer UE ID and the group ID respectively. The UE and group IDs are obtained during the discovery procedure and the connection setup. 
For source UE, there are two conventional ways to setup the sidelink link between the source UE and the destination UE: one is the Layer-1 destination ID is included in scheduling assignment information (SCI) content, another is CRC is scrambled of scheduling assignment information (SCI) by higher layer ID.
Compared to the SCI indication, the CRC scrambled by higher layer ID has two disadvantages:
Firstly, the SCI shall be used for sensing operation to avoid the resource collision. If the destination ID is conveyed via CRC scrambling, other UE cannot obtain the resource allocation information in SCI. in this situation, the Layer-1 destination ID shall be conveyed in SCI contents. 
Secondly, since unicast, groupcast and broadcast are supported in NR V2X, if a UE belongs to multiple group, it will increase the CRC false alarm probability.
Proposal 1: Layer-1 destination ID shall be included in the SCI content．
A compact Layer-1 destination /destination group ID is the designed target for the sidelink to minimize the overhead at the SCI. The UE ID from application layer with global uniqueness would be mapped to physical layer ID with local uniqueness. That is a tradeoff between the overhead of the ID and the uniqueness of the ID. The mapping rule is critical depending on the deployment scenario to allow the UE ID being unique among UEs performing V2X communication within the cluster.
On the other hand, from the perspective of consistency, it is necessary to define a special destination ID for NR V2X broadcast communication.
Besides destination ID for the broadcast services, how to determine the destination ID between unicast and groupcast is discussed. There are two options as follows, 
· Option 1: Unicast and groupcast shared the common ID sets which exclude a specific value for broadcast.
· Option 2: Unicast and groupcast are allocated dedicated and orthogonal ID Sets respectively.
The destination ID with set partition between unicast and groupcast included in the PSCCH would be the preferred solution to differentiate the unicast or groupcast services (UE ID for unicast and group ID for groupcast). For all the receivers including the destination UE, the ID in the SCI implicitly indicates the communication type.  The receive UE can handle the service in different manner. 
The mapping principle between UE ID/MAC L2 ID to Layer -1 ID needs further study. If the local uniqueness of the destination ID can't be guaranteed, it will result in the collision of multiple UE with the same destination ID accessing the resources.    
Proposal 2: The mapping rules of the higher layer ID to layer-1 destination ID should be studied further to guarantee the local uniqueness of destination ID, and the destination ID in the PSCCH would be used to differentiate the service type between unicast and groupcast.   
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 that of LTE V2X. The maximum number of retransmission times can vary based on the QoS requirements, which including the latency requirements.
The HARQ feedback was agreed in RAN1#94. The HARQ feedback could be used for unicast and groupcast in some scenarios. 
The sidelink HARQ  operation depends on the  resource allocation scheme with two alternatives as follows：
· Case 1: The retransmission resources are allocated and determined in advance, e.g. synchronous HARQ operation with the retransmission resource is allocated at the initial transmission.   
· Case 2: Not all the retransmission resources are allocated in advance.  
Resources are allocated for subset of retransmissions, e.g., first retransmission, at the resource allocation for the initial transmission to guarantee the minimum performance. This would avoid resource overbooking for a HARQ process. If the maximum number of the retransmission is high, e.g., 4, the reserved resources in time for the retransmission of a HARQ process would be extreme.  While early termination of a HARQ process is observed, the unused resource for retransmission could not be used by other UEs. 
In unicast communication, additional information should be included in the SCI to support the sidelink HARQ operation:
Source ID (link ID /destination group ID) + HARQ process ID + NDI + the current RV;
The “Source ID (link ID /destination group ID)” helps the receiver to differentiate the receiving data from different sources. “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.
In groupcast communication, whether additional Laye-1 is needed or not is really depends on the resource allocation mechanism design and groupcast HARQ feedback mechanism design, it needs further investigation.
Observation 2: Whether the source ID should be included in the SCI has relative with the resource allocation mode. 
Proposal 3：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.   
Layer-1 procedure 
In last meeting, the following Layer-1 procedures were discussed:
· HARQ feedback for unicast and groupcast
· HARQ Procedures with Modes 1 and Mode 2 resource allocations
· CSI acquisition
HARQ feedback for unicast and groupcast
In NR V2X, HARQ feedback is used for link adaptation to improve spectral efficiency for the unicast communication.  The following aspects should be taken into consideration in the design of HARQ feedback. 
· The possibility of disabling HARQ in some scenarios
HARQ feedback operation is used for link adaptation and to improve spectral efficiency. For the use case" Collective Perception of Environment (CPE), [5.6]" [2], the PDB( packet delay budget) is 3ms. The supported data rate is high with high reliability requirement. Here the latency requirement is the end to end requirement, which means the radio delay requirement is less than 3ms.
The normal HARQ operation might not meet the latency requirements of some V2X use cases. The disabling HARQ operation for some V2X use cases should be possible.  
For groupcast communication, three are two types of the use cases [2]: 
· Type 1: For the use case “Platoon [5.1]”, although vehicle speed is high, the relative position for group member is static or semi-static.
· Type 2: For the use case “Automated cooperative driving for short distance grouping [5.5]”, Cooperative collision avoidance (CoCA) of connected automated vehicles [5.9] and so on. The group formulation is dynamic. The group member number and the relative distance are varying with time.
For example in the dynamic grouping, A is the source UE and B is one of the destination UEs in the groupcast.   The circle radius is a valid communication range. Since the relative distance between A and B varies, the received signal quality UE B varies, B will have positive and negative feedback for a HARQ processor. This would lead to unnecessary retransmission in the groupcast. The operation of HARQ in the groupcast has no benefit.  


Figure 1: dynamic grouping communication 
Observation3: The disabling HARQ operation for some V2X use cases should be possible for both unicast and groupcast. 

· The Mode 2 resource selection to carry the HARQ feedbacks
In mode 2, the HARQ feedback resource shall be known by both transmitter and receiver. If the Mode 2 resource is semi-statically configured and dedicated to the received UE, the resource would be fixed the specific UE and cannot be used by other UEs. In this situation, the dedicated resource for HARQ feedback would not be efficient. The other option is the Mode 2 resource selection is explicitly or implicitly derived from the transmit UE. Two options are introduced to as following:
· Option 1: Source ID is included in the SCI.
The communication link could be identified by source ID and destination ID. The selection of the resource for the HARQ feedback could be mapped from the source ID in relation to the destination UE ID. The drawback of this option is the large overhead of the source ID.  
· Option 2: HARQ feedback resource indicator is included in the SCI. 
With the HARQ feedback resource indicator, the receive UE can know the exact the resource for the HARQ feedback from the transit UE. 
Proposal 4: For unicast communication, in HARQ feedback resource and its corresponding PSSCH, two methods shall be further investigated:
Option 1: Source ID is included in the SCI.
Option 2: HARQ feedback resource indicator is included in the SCI. 

· HARQ feedback type – ACK/NACK, “ACK only” or  “NACK only”
For unicast, ACK based HARQ feedback would minimize the HARQ feedback overhead and latency of the HARQ operation. The transmit UE would autonomous retransmit the data if ACK is not received.   
Proposal 5:  ACK based HARQ feedback is adopted for unicast communication.

· HARQ feedback types for groupcast 
Since one NACK received from the group member is considered as a negative feedback for the whole groupcast communication, ACK received from any group member would not change the factor of retransmission of this HARQ process in the group communication. Comparing with the ACK/NACK based feedback, the NACK based HARQ feedback would transmit NACK on the feedback resource only. If the group member can share the same HARQ feedback resource, the time-frequency resource for the HARQ feedback would be minimized. Thus, NACK based HARQ feedback would minimize the overhead in groupcast communication.
Proposal 6: NACK based HARQ feedback is adopted for groupcast communication.

HARQ Procedures with Modes 1 and 2 resource allocations
3.2.1    HARQ procedures with Mode 1 resource allocation for unicast
Alternatives of the associated HARQ procedures for the HARQ operation are lists as follows:
· Case 1a: The gNB allocates the initial resource on demand, after the source UE receives the negative HARQ feedback information, it will further forward the feedback information to the gNB.
· Case 1b: The gNB allocates all the possible retransmission resource in advance, the source UE don’t forward the feedback information to the gNB until receiving the ACK feedback, and the source UE deactivates the remaining resources.
· Case 2: The gNB allocates the initial resource on demand, and the feedback information is sent directly to the gNB by the receiving UE.
· Case 3a: The base station can directly monitor and process information on sidelink, such as the PSCCH and the feedback channel.
· Case3b: The gNB allocates the initial resource on demand, and the source UE selects retransmission resources from the Mode 2 resource pool.


Figure 2: HARQ procedure for Mode 1 (case 1a and case 1b)



Figure 3: HARQ procedure for Mode 1 (case 2)



Figure 4: HARQ procedure for Mode 1 (case 3a and case 3b)
3.2.2     HARQ procedure with Mode 2 resource allocation for unicast 
A HARQ feedback procedure is as follows: 



Figure 5: HARQ procedures for mode 2 
3.2.3    HARQ procedure with Mode 1 resource allocation for groupcast 
The procedure is similar as that in unicast for mode 1, the details needs further study. 
3.2.4    HARQ procedure with Mode 2 resource allocation for groupcast.
The basic procedure is the same as the unicast for mode 2, except only NACK is fed and the according feedback sequence. 
CSI Acquisition
Channel state information is used for link adaptation operation. 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 7:  The co-channel interferer 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 8:  The CSI acquisition through channel reciprocity should be considered for the link adaptation gain of sidelink unicast communication.  

· Overhead consideration for CSI acquisition
Further details on the reference signal are discussed in our corresponding contribution [3], It is not practical for any UE to send a periodic RS for sidelink, 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. A preamble RS needs to be transmitted before every data transmission or completely independently on PSSCH for the receiving UE to perform CSI acquisition.
Proposal 9:  In order to obtain accurate CSI information, a preamble RS needs to be transmitted before every data transmission or completely independently on PSSCH for the receiving UE to perform CSI acquisition. 
Conclusion
In this contribution, the issues and potential enhancements of physical layer procedures for unicast, groupcast and broadcast in NR sidelink are discussed, and the following observations and proposals are made.
Observation 1: For unicast and groupcast, the Layer-1 destination ID is obtained from the peer UE ID and the group ID respectively.   The UE and group IDs are obtained during the discovery procedure and the connection setup. 
Observation 2: Whether the source ID should be included in the SCI has relative with the resource allocation mode. 
Observation3: The disabling HARQ operation for some V2X use cases should be possible for both unicast and groupcast. 
Proposal 1: Layer-1 destination ID shall be included in the SCI content．
Proposal 2: The mapping rules of the higher layer ID to layer-1 destination ID should be studied further to guarantee the local uniqueness of destination ID, and the destination ID in the PSCCH would be used to differentiate the service type between unicast and groupcast.   
Proposal 3：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 4: For unicast communication, in HARQ feedback resource and its corresponding PSSCH, two methods shall be further investigated:
Option 1: Source ID is included in the SCI.
Option 2: HARQ feedback resource indicator is included in the SCI. 
Proposal 5:  ACK based HARQ feedback is adopted for unicast communication.
Proposal 6: NACK based HARQ feedback is adopted for groupcast communication.
Proposal 7:  The co-channel interferer for NR V2X is dynamic and varies in time. It is very challenged to be estimated accurately.  
Proposal 8:  The CSI acquisition through channel reciprocity should be considered for the link adaptation gain of sidelink unicast communication.  
Proposal 9:  In order to obtain accurate CSI information, a preamble RS needs to be transmitted before every data transmission or completely independently on PSSCH for the receiving UE to perform CSI acquisition. 
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