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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN 1 previous meetings, several aspects of sidelink physical layer procedure were discussed and some key agreements were achieved. In this contribution, based on the achieved agreements, we provide further considerations on NR sidelink physical layer procedure, including HARQ feedback and power control mechanism.
Discussion
Sidelink HARQ feedback
1.1.1 HARQ feedback resource determination
It has been agreed to define a physical sidelink feedback channel (PSFCH) to convey sidelink feedback control information (SFCI). Regarding to PSFCH resource determination, there were discussions in the last RAN1 meeting. For NR V2X mode 1 and mode 2 operation, the main issues fall into “who” and “how” to determine the PSFCH resource. 
Who determines the PSFCH resource?
There are three main schemes.
· Scheme 1: Transmitter UE / scheduler UE determines the PSFCH resource. 
Pros: The transmitter UE does not need to blindly decode the SFCI. 
Cons: The PSFCH resource may not be a preferred feedback resource at the receiver UE side, i.e., due to half-duplex problem or occupied by other UEs. 
· Scheme 2: Receiver UE determines the PSFCH resource. 
Pros: The PSFCH resource can be determined by taking into account the receive UE’s status, such as half-duplex problem, and multiple SL HARQ feedback acknowledged to different transmitter UEs. 
Cons: The transmitter UE needs to blindly decode the SFCI and SFCI payload may be large because UE identity is necessary to identify which feedback information belongs to.
· Scheme 3: Transmitter UE gives a set of PSFCH resources and the receiver UE selects one from the set.
Pros: This is a compromise between scheme 1 and scheme 2. Both transmitter UE and receiver UE’s preferences are taken into account. 
Cons: The transmitter UE still needs to blindly decode the SFCI, but only in the set of PSFCH resources. 
How to determine the PSFCH time resource
The timing relationship between PSSCH and the associated HARQ feedback can be
· Alt T-1: (pre)configured or fixed
· Alt T-2: Flexible (dynamically indicated by SCI)
How to determine the PSFCH frequency resource
The frequency relationship between PSSCH and the associated HARQ feedback can be
· Alt F-1: (pre)configured or fixed
· F-1a: Frequency resource of PSFCH is associated with the associated PSCCH
· F-1b: Frequency resource of PSFCH is associated with the associated PSSCH
· Alt F-2: Flexible (dynamically indicated by SCI)
Regarding to the determination of both time and frequency resource for PSFCH, the simplest way is that PSFCH and the associated PSCCH use the same frequency resource and fixed timing i.e., Alt T-1 + Alt F-1a (Figure 1). The receiver UE transmits the HARQ feedback in a specific reserved time/frequency resource after the data decoding. The assumptions behind this method are two: 1) The HARQ feedback resource has to be reserved by default; 2) PSFCH and the associated PSCCH always use the same number of RBs, although not flexible enough but easy to implement. For F-1b, the frequency resource of PSFCH can be a subset of the frequency resources used for the associated PSSCH. The specific subset needs to be predefined or indicated to the receiver UE. 
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 Figure 1. PSFCH and the associated PSCCH use the same frequency resource and fixed timing (Alt T-1 + Alt F-1a).
The most flexible way is that the PSFCH time resource and/or frequency resource are dynamically indicated, by including time/frequency resource allocation field(s) in the SCI, or implicitly deriving/indexing from a (pre)configured transmission pattern/table/hash function. 
Figure 2 shows an example of hybrid determination method, in which SCI indicates the timing between PSSCH and PSFCH as well as the PSFCH resource index. Each PSCCH candidate is associated with 4 PSFCH resources (labelled as F_A, F_B, F_C, and F_D). The association between PSCCH candidate and PSFCH resources are (pre)configured. After SCI decoding, the receiver UE knows the timing to transmit HARQ feedback and the exact PSFCH resource in that slot. Specifically, if the receiver UE has detected SCI denoted with solid red, it will know the PSFCH resource is F_A in current slot, or if the receiver UE has detected SCI denoted with dash red, it will know the PSFCH resource is F_D in next slot. 
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Figure 2. Each PSCCH candidate is associated with 4 PSFCH resources (labelled as F_A, F_B, F_C, and F_D).
Furthermore, single or multiple PSFCH resources can be indicated. When multiple PSFCH resources are indicated, one of them can be selected by the receiver UE for transmitting SFCI. If a set of PSFCH resources with limited size is indicated by the transmitter UE, the blind decoding complexity at the transmitter UE is acceptable. To further reduce blind decoding complexity, a possible way is that the receiver UE can select the usable PSFCH resource following a predefined order which is also known at the transmitter UE. For example, the first usable PSFCH resource refers to the available PSFCH resource with the highest priority. It is possible for the receiver UE to determine the usable PSFCH resources by excluding the unavailable PSFCH resources potentially affected by aperiodic traffic from surrounding UE(s) or affected by half-duplex at the receive side. 
Figure 3 gives an example in which two PSFCH resources (F1 and F2) are indicated to the receiver UE. The receiver UE finds that F1 resource is not available due to half-duplex problem. Then, the receiver UE selects F2 resource to transmit SFCI. 
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Figure 3. Multiple PSFCH resources are indicated.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 1: Single or multiple PSFCH resources can be indicated for transmitting feedback of a PSSCH. If multiple PSFCH resources are indicated, a priority order among the multiple PSFCH resources can be introduced. 

1.1.2 HARQ feedback for groupcast
In RAN 1 #95 meeting, it has been agreed that HARQ feedback is supported for groupcast, and further study two options for feedback mechanism, as shown below:
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
· [bookmark: OLE_LINK8][bookmark: OLE_LINK10]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
The typical use case group for groupcast is platooning, where the platoon manager should real-time receive RSU messages which include road conditions and traffic information far away from them, and share them with platoon members. Also, several messages should be exchanged regarding when to take which road, whether to brake or accelerate, etc. Therefore, high reliability of groupcast is required for platooning, otherwise, the inconsistent behaviors for changing road, braking or accelerating among platoon members may threaten. Especially for the automated cooperative driving for short distance grouping use case in platooning, higher reliability is desired, as ‘tighter’ or lower latency longitudinal control is enabled for a leader to communicate and coordinate with a group of vehicles. If the reliability is not guaranteed, the group of vehicles may crash. According to TR 22.886[1], for automated cooperative driving for short distance grouping, 3GPP system shall support over 90 % target packet delivery reliability rate in phase I and support over [99.99] % target packet delivery reliability rate within 80 m range in phase II. Therefore, the HARQ feedback scheme for groupcast should achieve the reliability as required in phase I and II.
Regarding to groupcast, the definition of one successful transmission should be clarified first.
Two alternative criterions may be available:
· Alt 1: all group members successfully received data from Tx UE
· Alt 2: only group members within a communication range from Tx UE successfully received data.
According to TS22.186[2], the 3GPP system shall be able to control the communication range for a message based on the characteristic of the messages transmitted by a UE supporting V2X application. Thus, the reliability requirement should be satisfied for the determined communication range. Accordingly, group members within such communication range should send HARQ feedback to indicate whether the data is successfully received, based on which the Tx UE can make retransmission decision. 
Proposal 2: For sidelink groupcast, one successful transmission is that group members within a communication range from Tx UE successfully receive data.
In the following, we will discuss the two options listed in the agreement for group members sending HARQ feedback.
In option 2, each group member within a communication range can send ACK or NACK on PSFCH, depending on its decoding results. This provides high reliability for UEs in the group, as the Tx UE can identify the ACK, NACK or DTX for each group member and retransmit the data for NACK and DTX. The cost is that separate PSFCH resources should be allocated for each group member.
In option 1, only NACK is sent and common PSFCH resource can be allocated to the group members within a communication range. This can save PSFCH resource, but the DTX for some group members cannot be identified by the Tx UE, and there will be no retransmission if the other group members are ACK. The reliability will deteriorate in this case. Therefore, the NACK-only based scheme in option 1 should be further evaluated to verify whether it can achieve over 90 % and over [99.99] % target packet delivery reliability rate in phase I and phase II, respectively. If not, option 2 should be supported for groupcast. 
Furthermore, CSI feedback may be supported for groupcast. In this case, the Tx UE can determine whether option 1 or option 2 can be used based on channel condition. On the other hand, when the size of the group is small, option 2 can be also applied, as not too many PSFCH resources are required. Therefore, groupcast shall flexibly support HARQ feedback schemes of both option 1 and 2.
Proposal 3: Support that HARQ feedback scheme between option 1 and option 2 is configurable for groupcast.
1.1.3 HARQ feedback collision
During NR sidelink transmission, some Rx UE may need to receive multiple unicast transmissions from different Tx UEs. For example, a V-UE can receive data/control information from another V-UE. Meanwhile, there is a P-UE connecting to this V-UE via unicast transmission. Further, both unicast and groupcast services could be simultaneously supported at the same V-UE. 
We are inclined to support only one HARQ-ACK transmission at once, which could minimize UE-side’s complexity as well as specification effects. Considering the complicated scenarios mentioned above, it is hard to avoid HARQ-ACK collisions issue in NR sidelink. Therefore, we should carefully identify the possible collision scenarios and investigate the criterion of handling this issue.
Proposal 4: Identify possible sidelink HARQ-ACK collision scenarios and study the solutions for HARQ-ACK collision issue.
1 
2 
2.1 
Sidelink power control
In LTE sidelink design, only uplink path loss based open-loop power control is supported. The transmitter estimates the uplink path loss based on downlink measurements and sets the transmit power accordingly. This performs well for broadcast transmission in LTE V2X, as it could reduce the interference to uplink transmission. However, the uplink path loss doesn’t reflect the channel properties including the channel attenuation and the noise and interference level between sidelink transmitter and receiver. For example, the communication range may be limited for unicast and groupcast even the uplink path loss of the transmitter is large, then transmitting with high power is not required.
In the case of a sidelink physical channel, the appropriate power simply depends on the received power needed for proper decoding of the information carried by the sidelink physical channel. At the same time, the transmit power should be limited to a certain level to reduce interference to other sidelink transmissions. Therefore, a appropriate power control mechanism by considering both sidelink pathloss and Uu pathloss should be studied for NR V2X.
[bookmark: OLE_LINK11]Proposal 5: Study a new power control mechanism for NR V2X by considering both SL pathloss and Uu pathloss.
In order to assist the gNB to schedule the sidelink transmission resources to different V2X UEs in an appropriate way, it is important that the V2X UE can report its available power headroom to the gNB. The gNB can use the sidelink power headroom reports (SL-PHRs) to determine how much more sidelink transmission resources per slot a V2X UE is capable of using. This can help to avoid allocating excessive sidelink transmission resources to V2X UEs. Therefore, sidelink power headroom reports should be studied in NR V2X.
Proposal 6: Study sidelink power headroom reporting in NR V2X.
Conclusions
NR sidelink physical layer procedure relate issues are discussed in this document and the following conclusions are proposed:
Proposal 1: Single or multiple PSFCH resources can be indicated for transmitting feedback of a PSSCH. If multiple PSFCH resources are indicated, a priority order among the multiple PSFCH resources can be introduced. 
Proposal 2: For sidelink groupcast, one successful transmission is that group members within a communication range from TX UE successfully receive data.
Proposal 3: Support that HARQ feedback scheme between option 1 and option 2 is configurable for groupcast.
Proposal 4: Identify possible sidelink HARQ-ACK collision scenarios and study the solutions for HARQ-ACK collision issue.
Proposal 5: Study a new power control mechanism for NR V2X by considering both SL pathloss and Uu pathloss.
Proposal 6: Study sidelink power headroom reporting in NR V2X.
References
3GPP TR 22.886 “3rd Generation Partnership Project; Technical Specification Group Services and System Aspects;
Study on enhancement of 3GPP Support for 5G V2X Services”, Sep., 2018
3GPP TS 22.186 “3rd Generation Partnership Project; Technical Specification Group Services and System Aspects;
Enhancement of 3GPP support for V2X scenarios”, Dec., 2018


image3.png




image1.png
same subchannel index

fixed timing




image2.png
SCl field:
+ K0=0
*  PSFCH resource index = ‘00"

SCl field:
+ Ko=1
*  PSFCH resource index =11’




