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A new study item on NR V2X was agreed in RAN plenary meeting # 80 [1]. In the agreed study item descriptions [2], there are six objectives: sidelink design, Uu enhancements for advanced V2X use cases, Uu-based sidelink resource allocation/configuration, RAT/interface selection for operation, QoS management and coexistence.
The study item objective on sidelink design includes the support of unicast, groupcast and broadcast; sidelink physical layer structures and procedures, synchronization mechanism, resource allocation mechanism, and L2/L3 protocols. 
In this contribution, we provide our views on the sidelink physical layer structures and procedures. 
Discussion
NR sidelink frame structure 
NR adopts a flexible frame structure with scalable numerology to support a wide range of deployment scenarios and carrier frequencies. The frame structure of NR is similar to LTE in terms of number of symbols per slot, but also different in terms of the number of slots per subframe, depending on the numerology used. It was agreed that sidelink frequencies for FR1 and FR2 (i.e. up to 52.6 GHz) should be considered for NR V2X SI. The flexibility of the NR frame structure can facilitate various applications for NR V2X sidelink which may have different throughput, latency and reliability requirements.
In LTE V2X, the resources for sidelink transmission are scheduled with a fixed sub-frame time unit. NR supports both slot and non-slot (a.k.a. “mini-slot”) based scheduling and transmission in DL and UL. NR V2X would support more advanced use cases than LTE V2X by providing longer range, higher density, very high throughput and reliability and ultra-low latency. NR V2X system is expected to have a flexible design to meet these requirements. The flexibility of NR sidelink framework would allow easy extension of NR system to support the future development of further advanced V2X services and other services. For example, mini-slot can be used to enable non-slot-based or symbol-based transmission with a flexible starting point and short duration. This could be very useful for some of V2X applications, such as transmission of safety related messages and vehicle/pedestrian positions via sidelinks. 
Proposal 1: Scalable frame structure and slot-based and non-slot-based flexible scheduling and transmission should be supported for NR sidelink.  

NR sidelink waveform
In 3GPP NR Release 15, CP-OFDM is adopted for both DL and UL for high throughput while DFT-s-OFDM is also supported for uplink for link-budget limited scenarios. For NR V2X sidelink, both waveforms should be considered. Performance of these waveforms under the V2X channel model and use cases, which requires resilience against high Doppler, reliability within short durations, and connectivity for large coverage range, should be evaluated. 
To achieve resilience against high Doppler, shorter symbols durations and methods that enhance the phase tracking reference symbols (PTRS) such as denser PTRS in NR UL performance should be evaluated for V2X channels. To achieve reliability in V2X channels, various diversity techniques should be re-assessed for CP-OFDM and DFT-s-OFDM. To support large coverage range in V2X, methods that decrease the PAPR of the signals, such as by using rotated modulations for DFT-s-OFDM, should be considered for V2X channels.
[bookmark: _GoBack]Therefore, in order to maximize the performance of OFDM and DFT-s-OFDM while taking into account diversity techniques, reference symbols, MIMO configurations, frame structure, and numerology, we propose:
Proposal 2: The NR sidelink waveform should support both CP-OFDM and DFT-S-OFDM.  

NR sidelink channel coding
In LTE V2X, the sidelink control channel and sidelink broadcast channel adopt the same channel coding scheme (i.e., TBCC) as LTE downlink control channel and broadcast channel. 
Polar code has been selected as the channel coding scheme for the NR downlink and uplink control channel, as well as the NR broadcast channel. This is because polar code provides superior BLER performance, low implementation complexity, and high energy and area efficiency. 
A similar design could be applied to NR V2X. Specifically, it is reasonable to apply polar code as the channel coding scheme for the NR sidelink control channel and sidelink broadcast channel. This could avoid the implementation of a new channel code (e.g., TBCC) just for sidelink control channel and sidelink broadcast channel. 
In LTE V2X, the payload size of the sidelink control information or sidelink MIB is larger than 11 bits. A similar condition is expected for NR V2X. Hence, Reed Muller code for the NR uplink control information with small payload size (i.e., less than 12 bits) is not applicable to the NR sidelink control channel and sidelink broadcast channel.  
LDPC code has been selected as the channel coding scheme for the NR data channel. Hence, it is a natural extension to apply LDPC code for the NR sidelink data channel. Two LDPC base graphs are defined for the NR data channel, each with its usage region depending on code rate and code block length. The usage region of these two LDPC base graphs for the NR sidelink data channel may need to be defined. The maximum supported code block size of LDPC code is 8448 bits. Some use cases of NR V2X support large packet size (e.g., 12000 bytes), hence, code block segmentation will be needed for the NR sidelink data channel. 
Proposal 3: The NR sidelink control channel and sidelink broadcast channel should use polar code; The NR sidelink data channel should use LDPC code.

NR sidelink modulation
In Release 15 LTE V2X, the sidelink control channel and sidelink broadcast channel apply QPSK modulation, while the sidelink data channel apply QPSK, 16 QAM and 64 QAM modulations. 
In NR, the downlink control channel and broadcast channel apply QPSK modulation, while the uplink control channel may apply QPSK or -BPSK modulation. The eMBB data channel supports modulations up to 256 QAM, and the URLLC data channel supports modulations up to 64 QAM. 
Two MCS tables supporting 64 QAM modulation are defined for URLLC use cases, where one table re-uses the eMBB MCS table and the other table contains very low spectrally efficient entries.
For NR V2X, we believe QPSK modulation should be used for sidelink control channel and sidelink broadcast channel, so as to achieve transmissions with high reliability. 
Since V2X is a type of URLLC applications, the reliability requirements of NR V2X are aligned with those for URLLC. Hence, the NR sidelink data channel should support up to 64 QAM modulation. The two MCS tables for URLLC should be applied to NR V2X sidelink data channel as well. More detailed discussions on the two MCS tables are given in [3]. 
Proposal 4: The NR sidelink control channel and sidelink broadcast channel modulation should support QPSK, and the NR sidelink data channel modulation should support up to 64QAM with two MCS tables.

NR sidelink wide band operation
In LTE V2X, transmission packet sizes vary between 50-300 bytes for periodic traffic and up to 1200 bytes for event-triggered traffic. NR V2X supports a range of different traffic patterns yet with significantly larger packet sizes and lower latencies in advanced used cases, e.g. a packet size between 30000 and 60000 bytes with a latency requirement of 30 ms [4]. Thus, to deliver both the high capacity and low latency required for NR V2X transmission, NR V2X operation should be able to exploit more frequency resources, e.g. by supporting carrier aggregation as in LTE V2X, especially for lower NR V2X frequency bands with small carrier bandwidths. The NR sidelink carrier aggregation support may be based on UE capability. 
Proposal 5: The NR sidelink should support carrier aggregation. 
Furthermore, it is possible that NR V2X could support single carrier transmission with wide bandwidth, e.g., at higher frequencies. It is beneficial to provide flexible transmission bandwidth to support the range of required NR V2X traffic patterns. Also, a dynamic transmission bandwidth can enable power saving features and adapt to NR V2X UEs with different operation bandwidth capabilities. Considering the Rel-15 NR BWP framework is designed with comparable considerations, it could be a good baseline for NR V2X wide band operation, e.g. a sidelink BWP management with dynamic BWP switch mechanisms.    
Proposal 6: The NR sidelink should support wide band operation based on BWP framework.

NR sidelink control information contents
For LTE V2X sidelink transmissions, the Sidelink Control Information (SCI) format 1 is used for the scheduling of PSSCH. The SCI format 1 includes some fields related to resource allocation and other fields related to PSSCH decoding. The allocated resources include the resources for the current transmission and retransmission, as well as resources for the further transmission.
Some NR V2X use cases require higher reliability than LTE V2X use cases. A maximum number of one retransmission of the same TB, as in LTE V2X, may not guarantee that the data delivery will meet its reliability requirement. In NR uplink transmissions, -repetition of the same TB is supported, where the value of  is configurable up to the maximum value of 8. A similar scheme could be applied to achieve reliable sidelink transmissions. Hence, the NR SCI format should be designed to support resource allocation indication of a larger number of retransmissions. 
The LTE SCI format 1 contains a priority field, which is used in the mode 4 UE resource selection procedure. Each NR V2X use case has its own required latency, reliability, data rate, and communication range requirements. Some of these requirements may be related to the mode 4 UE resource selection procedure. Hence, inclusion of some new QoS related parameters in the NR SCI format may be needed.
LTE V2X supports only broadcast sidelink transmissions, while we believe NR V2X should support groupcast or unicast sidelink transmissions. Hence, some new fields in SCI may be needed to support those scenarios.
Proposal 7: The contents of NR SCI format should be studied to support the NR sidelink transmissions.

NR sidelink control channel procedures
In LTE V2X, the sidelink control channel processing includes CRC attachment, channel coding, rate matching, scrambling, modulation, layer mapping, transform precoding, precoding, resource mapping, etc. These processing blocks could be applied as a starting point for NR V2X sidelink control channel for broadcast transmissions. 
In LTE V2X, each PSCCH occupies two Resource Blocks (RBs) over the whole sub-frame. Some NR V2X use cases have high reliability requirements (e.g., ). It is necessary to increase the reliability of SCI transmission so that reliable data transmissions can be achieved. Schemes to achieve more reliable SCI transmissions may include increasing the number of resources allocated for each PSCCH, making use of the frequency diversity, etc. 
Proposal 8: The reliability of SCI transmissions should be enhanced for reliable data transmissions. 
The NR V2X sidelink should support unicast and groupcast. The sidelink control channel processing for unicast or groupcast could be different from the sidelink control channel processing for broadcast. For example, the HARQ schemes and procedures may be designed for sidelink unicast, or the scrambling procedure for unicast or groupcast sidelink may be different from that for broadcast sidelink. 
Proposal 9: New sidelink control channel procedures need to be studied for sidelink unicast or groupcast.

NR sidelink data channel procedures
In LTE V2X, the sidelink data channel processing includes CRC attachment, channel coding, rate matching, scrambling, modulation, layer mapping, transform precoding, precoding, resource mapping, etc. These processing blocks could be applied as a starting point for NR V2X sidelink data channel for broadcast transmissions. 
The data channel procedures for unicast or groupcast sidelink may be different from those for broadcast sidelink. For example, the redundancy version associated with HARQ scheme and the code block group (CBG) based data transmissions might be applied for NR V2X sidelink. 
Proposal 10:  New sidelink data channel procedures need to be studied for sidelink unicast or groupcast.
  
Conclusion
In this contribution, we provide our views on the sidelink physical layer structures and procedures. Our proposals are as follows: 
Proposal 1: Flexible NR sidelink with slot-based and/or non-slot-based frame structure should be supported.  
Proposal 2: The NR sidelink waveform should support both CP-OFDM and DFT-S-OFDM.  
Proposal 3: The NR sidelink control channel and sidelink broadcast channel should use polar code; The NR sidelink data channel should use LDPC code.
Proposal 4: The NR sidelink control channel and sidelink broadcast channel modulation should support QPSK, and the NR sidelink data channel modulation should support up to 64QAM with two MCS tables.
Proposal 5: The NR sidelink should support carrier aggregation.
Proposal 6: The NR sidelink should support wide band operation based on BWP framework.  
Proposal 7: The contents of NR SCI format should be studied to support the NR sidelink transmissions.
Proposal 8: The reliability of SCI transmissions should be enhanced for reliable data transmissions. 
Proposal 9: New sidelink control channel procedures need to be studied for sidelink unicast or groupcast.
Proposal 10: New sidelink data channel procedures need to be studied for sidelink unicast or groupcast.
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