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Introduction
[bookmark: _Hlk521660119]At RAN#80, a study item “Study on NR V2X” (FS_NR_V2X) was approved ‎[1]. One of the objectives deals with the design of sidelink unicast, groupcast and broadcast:

1: Sidelink design [RAN1, RAN2]:
· Identify technical solutions for a NR sidelink design to meet the requirements of advanced V2X services, including 
· Study the support of sidelink unicast, sidelink groupcast and sidelink broadcast

At the most recent RAN1 meeting, R1#94, the following agreements were reached ‎[3]:
Agreements:
· RAN1 assumes that higher layer decides if a certain data has to be transmitted in a unicast, groupcast, or broadcast manner and inform the physical layer of the decision. For a transmission for unicast or groupcast, RAN1 assumes that the UE has established the session to which the transmission belongs to. Note that RAN1 has not made agreement about the difference among transmissions in unicast, groupcast, and broadcast manner.
· RAN1 assumes that the physical layer knows the following information for a certain transmission belonging to a unicast or groupcast session. Note RAN1 has not made agreement about the usage of this information.
· ID
· Groupcast: destination group ID, FFS: source ID
· Unicast: destination ID, FFS: source ID
· HARQ process ID (FFS for groupcast)
· RAN1 can continue discussion on other information


Agreements:
· RAN1 to study the following topics for the SL enhancement for unicast and/or groupcast. Other topics are not precluded.
· HARQ feedback
· CSI acquisition
· Open loop and/or closed-loop power control
· Link adaptation
· Multi-antenna transmission scheme





Possible Enhancements




HARQ feedback design of sidelink
The most common V2X use cases, such as vehicle platooning, as suggested in SA1, are related to groupcast or broadcast. For groupcast, the UEs in the group need to be aware the presence of their group peers before data transmission. The physical channels among these UEs in the group usually have different quality which makes reliable group communication challenging. 
Re-transmission is a simple approach to boost transmission reliability at the expense of latency. If re-transmission schemes are supported for groupcast, similar to that of unicast, HARQ schemes with ACK feedback can be applied. Different to that of unicast, the HARQ scheme of groupcast needs to receive all ACK information from more than one group members. Once the UE receives all ACK feedback information, it can determine its retransmission scheme to enable its reliable groupcast transmission.
A simple criterion for groupcast HARQ is to target the worst channel among all links in the group. This indicates that the source UE will continue retransmitting until it receives all positive ACK from all its peers in the group. The poorest link quality in the group shall determine the latency and efficiency of the HARQ. Of course, other retransmission criterion can also be applied. Alternative scheme is that the groupcast transmission is complete when majority (not all) of its group members transmit ACK.
Different from HARQ of unicast, the efficiency of groupcast HARQ will depend on the number of communication links in the group. Higher number of UEs in the group, which will have higher number of communication links, usually will result in lower efficiency for HARQ. It is desirable to have an efficient HARQ design to support groupcasting communication.
In order to support groupcast HARQ, feedback channel should be specified with ACK and UE id. Such feedback channel can be one format of PSCCH.
Proposal 1: Design one PSCCH format to contain feedback information to support sidelink HARQ schemes.
Dedicated control channel for ACK/NACK feedback should occupy 1 slot (i.e.14 OFDM symbols) in time domain and 1 PRB (or 2 PRBs) in frequency domain. This is to provide flexible FDM with PSSCHs and PSCCHs (SAs). The reason is that for sidelink communication, AGC is operated at the beginning of each channel to adjust input to ADC and receiving signal strength should remain roughly constant throughout the channel. If shorter length (e.g. mini-slot with 2 symbols) is used for control channel for ACK/NACK feedback, receiving signal strength changes in the middle of a slot, which impacts reception of other FDMed channels. In frequency domain, the control channel (ACK/NACK feedback) should occupy 1 PRB (or 2 PRBs to get aligned with PSCCH (SA)). 
For groupcast, to increase spectral efficiency, control channels for ACK/NACK feedbacks from multiple UEs should be CDMed. NR PUCCH format 1 can be modified for this use. BPSK modulation is used and modulated symbol is spread with a Zadoff-Chu sequence (cyclic shifted) with OCC (orthogonal cover code) in time domain. UEs inside a group employ same sequence but orthogonal cyclic shifts/codes. Group leader coordinates assignment of cyclic shifts/codes to members. In the assigned feedback resource, receiving UEs feedback ACK/NACK information by using their specific cyclic shifts/codes.  The transmitter retransmits the packet if it didn’t receive ACKs from all other UEs in the group.
Proposal 2: Dedicated control channel for ACK/NACK feedback should occupy 1 slot in time domain and 1 PRB (or 2 PRBs) in frequency domain, to provide flexible FDM with PSSCHs and PSCCHs (SAs). 
Proposal 3: For groupcast, UEs inside a group employ same sequence but orthogonal cyclic shifts/codes so that their ACK/NACK feedbacks can be CDMed in the same time/frequency resource for high spectral efficiency. 

Power control and link adaptation
Groupcast (e.g. groupcast in a platoon) happens among UEs close to each other. Thus different from broadcast, transmitting at maximum power will not be required for groupcast. Power control is necessary which can reduce interference to vehicular UEs outside the group. Similarly, link adaptation is also necessary and beneficial if the transmitter can select the optimal modulation order and coding rate (MCS) based on the channel qualities (CQI) towards the intended receivers. 
Power control and link adaptation could in principle make use of channel reciprocity without explicit feedback; however, they could also benefit from feedback mechanisms. For groupcast, not every receiver needs to feedback CQI.  The transmitter can advise only the receiver (or a few receivers) with worst channel qualities to feedback CQIs, which will save resources for feedback. 
Proposal 4: For groupcast, consider that a transmitter advises the limited number of receivers with worst channel qualities to feedback CQIs for power control and link adaptation.  

Transport of sidelink control information via Uu to gNB
For some types of sidelink control information, the information is relevant to the gNB; e.g. let us consider the scenario where two UEs establish a sidelink unicast session, with both UEs in gNB-scheduled mode and served by one and the same gNB. 
At least in this scenario it could be beneficial if the UEs provide their HARQ ACK/NAK feedback to the gNB via Uu instead of directly to each other via the sidelink; the gNB then learns directly if it needs to schedule HARQ retransmissions. Moreover, since the UEs in this scenario do not need to exchange HARQ ACK/NAK feedback over the sidelink, they will not suffer the impact of half-duplex constraint that they would incur if they had to perform HARQ ACK/NAK transmission over sidelink. 
On the other hand, if one of the UEs is outside network coverage then it cannot convey its feedback over Uu; and if the UEs are served by different gNBs then transport of feedback over Uu will become more complex.

Proposal 5: Consider transport of sidelink control/feedback information via Uu.




Usage of ID in physical layer
There is some basic difference between the sidelink unicast/groupcast and the counterparts in cellular Uu. The main difference is that in Uu unicast/groupcast, the receiver can only decode the associated PDCCH that is targeted to it (i.e. by matching the CRC with its own RNTI) and cannot decode other users' control channel. While in sidelink, due to the potential need for channel sensing, receivers shall be capable to decode any PSCCH, irrespective of unicast, groupcast or broadcast transmissions. To this end, for PSCCH (at least the PSCCH format with resource allocation information if used) of unicast, groupcast or broadcast, its DMRS shall be well-known e.g. randomly selected from predefined sequence set as done in LTE V2X and the destination ID (or part of it) could be included in the SCI message (as done in R12/13 D2D). The DMRS of PSSCH could be determined by some function of destination ID.
[bookmark: _GoBack]The partial inclusion of destination ID in the PSCCH may lead to ID collision issue at physical layer, though the probability of this ID collision may be quite small. The ID collision at physical layer seems not a very serious issue, since the probability that two proximate vehicle UEs casually have same physical layer ID and at the same time they select the same or overlapped resources (which may lead to serious collision interference) shall be sufficiently small. Additionally, if there are collisions with the physical layer ID, MAC layer could treat this issue with knowledge of complete destination ID by dropping the received packets that does not target to it (i.e. same PHY ID but different whole destination ID).

Proposal 6: The PSCCH of unicast/groupcast/broadcast shall be decodable for potential usage in sensing procedure. Destination ID could be partially included in sidelink control message to enable packet filtering at physical layer.



Conclusions
In this contribution we discussed sidelink unicast, groupcast, broadcast and make the following proposals:

Proposal 1: Design one PSCCH format to contain feedback information to support sidelink HARQ schemes.
Proposal 2: Dedicated control channel for ACK/NACK feedback should occupy 1 slot in time domain and 1 PRB (or 2 PRBs) in frequency domain, to provide flexible FDM with PSSCHs and PSCCHs (SAs). 
Proposal 3: For groupcast, UEs inside a group employ same sequence but orthogonal cyclic shifts/codes so that their ACK/NACK feedbacks can be CDMed in the same time/frequency resource for high spectral efficiency. 
Proposal 4: For groupcast, consider that a transmitter advises the limited number of receivers with worst channel qualities to feedback CQIs for power control and link adaptation.  
Proposal 5: Consider transport of sidelink control/feedback information via Uu.
Proposal 6: The PSCCH of unicast/groupcast/broadcast shall be decodable for potential usage in sensing procedure. Destination ID could be partially included in sidelink control message to enable packet filtering at physical layer.
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