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Introduction
NR-V2X SI was approved in the RAN#80 meeting [1], in the last RAN1 meeting, issues related to physical layer procedures were discussed with following agreements [2]:

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
[bookmark: _GoBack]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 discuss and give our views on HARQ feedback, SFCI feedback, power control and other physical layer procedures.

Discussion
HARQ feedback
HARQ feedback can increase the resource efficiency and reliability for unicast on sidelink. In exiting Uu HARQ feedback behavior, the transmitter and receiver are one-to-one associated, i.e. for each transmission, there is at most one receiver, and at most one resource for HARQ feedback is needed. As to groupcast, multiple receivers need to feedback HARQ-ACK information, and there are 3 possible options for feedback resource allocation:

· Option 1: One resource for all receivers, one receiver transmits one signal on the resource only if it is NACK;
· Option 2: Two resources, one receiver transmits a signal on one resource if it is ACK, and transmit a signal on the other resource if it is NACK;
· Option 3: dedicated resource for each receiver, one receiver transmits ACK/NACK correspondingly on the resource;

Option 1 and Option2 can reduce the resource overhead, however, these two options cannot identify some receivers that missed the PSCCH (which will not feedback either NACK or ACK). To ensure the reliability, Option 3 should be considered for groupcast HARQ feedback. When the number of receivers in a groupcast session is large, the HARQ feedback functionality can be disabled to reduce the feedback resource overhead.

Proposal 1: 
· Use dedicated HARQ feedback resource for each receiver in groupcast.
Sidelink CSI 
CQI can reflect the channel condition between transmitter and receiver as well as the interference level at the receiver, this information is necessary for link adaption.  As interference level at the transmitter and receiver may not be independent, CQI feedback (rather than estimated based on reciprocity) for sidelink is desirable to be supported for both sidelink unicast and groupcast. In order to track the fast varying channel, CQI should be considered as one part of SFCI and to be conveyed via physical channel. PMI and RI are necessary for support of spatial multiplexing, to manage the unicast/groupcast link, RSRP is also useful, however, these information are possible to be estimated based on channel reciprocity.
Proposal 2: 
· At least CQI should be included in SFCI.

Open loop and/or closed-loop power control
In LTE V2X, transmission power of a UE may be subject to open loop power control mechanisms with power control parameters configured by eNB or pre-configured. In the mechanism, the pathloss between the UE and the eNB (rather than the pathloss on sidelink) is used to calculate the transmission power, which is helpful to control the interference to cellular uplink reception. As NR V2X is possible to coexist with Uu in same carrier or adjacent carriers, such power control mechanism can be reused in NR V2X. 

However, this power control mechanism has not taken link budget of a sidelink into consideration, and cannot guarantee optimal sidelink transmission power on sidelink. E.g. in typical unicast and groupcast use cases, the transmitter and receiver may be very close to each other, lower transmission power may suffice for reliable reception, higher transmission power may cause more serious interference and impair the entire system. Hence, the receiving UE should be able to further control the power of transmitting UE such that the transmission power can be adapted to the sidelink status. In particular, the receiving UE can provide open loop power control parameters semi-statically to the transmitting UE to set the basic transmission power, and adjust the transmission power dynamically via power control command. 
Proposal 3: 
· Open loop power control mechanism in LTE V2X should be reused for NR V2X;
· Define a new power control mechanism to enable the receiving UE to control the power of transmitting UE. 
SFCI feedback
SFCI may include HARQ-ACK, CAI, power control command, etc. In a slot, depending on which kinds of SFCI are transmitted, the number of bits that need to be fed back may vary significantly. In this case it is not efficient to use PSCCH (capacity is fixed) to convey the feedback information bits. Furthermore, the unicast traffic may be asymmetric, on the slot for information feedback the UE may not have data to transmit, therefore the feedback information bits cannot be always piggybacked in PSSCH. In view of above, a sidelink feedback channel should be specified to accommodate the feedback information.

The physical resource for the sidelink feedback channel can be on sidelink, in this case, the resource can be one-to-one associated with a PSCCH resource, i.e. after a UE transmits a PSCCH on one slot, it should monitor the corresponding physical resource for HARQ-ACK and other feedback information. In mode 1, the physical resource for the feedback channel can be allocated by base station along with the PSCCH resource. In mode 2, some rules are needed to ensure that the physical resource is available at the receiving UE when it feedback SFCI.  

In case of both the transmitter and the receiver are in coverage and RRC connected state, it is possible to assign the physical resource for SFCI feedback on uplink, as shown in Figure 1. This way can mitigate the half duplex constraints comparing to feeding back on sidelink. Furthermore, in case of mode 1, as the base station can get the SFCI feedback earlier, the RTT for sidelink scheduling can be reduced.  The cost is that the number of RRC connections in a cell may increase. 




Figure 1 Possible ways for SFCI feedback
Proposal 4: 
· To specify a new sidelink physical channel for SFCI feedback;
· To support SFCI feedback on both sidelink and uplink.

Link adaptation
As discussed above, sidelink CSI can be fed back either to the base station or the transmitter, link adaption can be performed by base station or transmitter respectively. Just as Uu and LTE sidelink, link adaption behavior can be up to base station or UE, specification seems not necessary. 
Proposal 5: 
· There is no need to specify link adaption behaviour for sidelink.
Multi-antenna transmission scheme
Transmission diversity was discussed in Rel-15 LTE V2X, it was justified that transmission diversity schemes, e.g. SFBC, can improve the reliability of sidelink. Hence, for NR V2X broadcast, it is desirable to introduce transmission diversity. As to NR V2X unicast/broadcast, spatial multiplexing schemes can be supported to improve the data rate on sidelink.
Proposal 6: 
· Support transmission diversity for NR V2X broadcast, and support spatial multiplexing for NR V2X unicast/groupcast.

Conclusion
In this contributions, we discussed the issues related to physical layer procedures, we have following proposals:

Proposal 1: 
· Use dedicated HARQ feedback resource for each receiver in groupcast.
Proposal 2: 
· At least CQI should be included in SFCI.
Proposal 3: 
· Open loop power control mechanism in LTE V2X should be reused for NR V2X;
· Define a new power control mechanism to enable the receiving UE to control the power of transmitting UE. 
Proposal 4: 
· To specify a new sidelink physical channel for SFCI feedback;
· To support SFCI feedback on both sidelink and uplink.
Proposal 5: 
· There is no need to specify link adaption behaviour for sidelink.
Proposal 6: 
· Support transmission diversity for NR V2X broadcast, and support spatial multiplexing for NR V2X unicast/groupcast.
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