3GPP TSG RAN WG1 Ad-Hoc Meeting 1901





R1-1900724
Taipei, Taiwan, 21st – 25th January, 2019
Agenda Item:
7.2.4.1.1
Source: 
Sony
Title:
Discussion on physical layer structure for NR sidelink 
Document for:
Discussion
1 Introduction
In the RAN1 #94 and 95 meetings, the following agreements were made for the physical layer structure of the NR sidelink [1][2]. 

RAN1 #94 meeting

Agreements:

· RAN1 to continue study on the physical channel considering at least the following aspects:
· Waveform

· Candidates: CP-OFDM, DFT-s-OFDM

· Proposals from companies:

· CP-OFDM only

· Support both

· Consideration points:

· Different channel can have different waveform?

· Benefit and impact of supporting only one waveform and supporting both waveforms

· Subcarrier spacing

· Candidates for further study are: 

· FR1: 15 kHz, 30 kHz, 60 kHz, 120 kHz 

· FR2: 30 kHz, 60 kHz, 120 kHz, 240 kHz

· Companies are encouraged to consider the potential issues and benefit of introducing new subcarrier spacing.

· CP length

· RS design

· Candidates are:

· DM-RS

· DM-RS defined in Rel-15 NR Uu is the starting point.

· PT-RS

· CSI-RS

· SRS

· AGC training signal

· Channel coding

· For data, channel coding defined for data in Rel-15 NR Uu is the starting point.

· For control, channel coding defined for control in Rel-15 NR Uu is the starting point.

· Modulation

· RE mapping and rate-matching

· Scrambling

RAN1 #95 meeting

Agreements:

· At least CP-OFDM is supported.
· Continue study on whether to support DFT-S-OFDM including the potential issues and the following potential benefit:
· Synchronization coverage enhancement
· PSCCH coverage enhancement, e.g., with Option 2 of PSCCH/PSSCH multiplexing with the restriction that PSCCH and PSSCH use adjacent frequency resources
· Feedback channel coverage enhancement
· A single waveform is used in all the sidelink channels in a carrier.
· Note: A sequence based channel can be supported in any waveform.
· (Pre-)configuration will be used to determine the used waveform if the specification supports multiple waveforms.
Agreements:

· For PSCCH/PSSCH in FR1, NR V2X supports normal CP for 15kHz, 30kHz, 60kHz, and extended CP for 60kHz.

· FFS extended CP for 30 kHz in FR1.
· FFS CP for PSCCH/PSSCH in FR2
· E.g., NR V2X supports normal CP for 60kHz and 120kHz, and extended CP for 60kHz

· FFS extended CP for 120 kHz in FR2.
· Only one combination of CP length and SCS is used in a carrier at a given time for NR V2X UEs communicating with each other using SL

In this contribution, we discuss NR sidelink waveform and RS signal design.
2 Discussion
2.1
NR sidelink waveform
In the previous meeting, it was agreed that at least CP-OFDM is supported. Since NR Uu link mainly supports CP-OFDM, it is straightforward to support CP-OFDM in the sidelink as well. Regarding whether to support DFT-S-OFDM, although DFT-S-OFDM is beneficial in terms of link budget, one of the concerns in introducing DFT-S-OFDM in the sidelink in addition to CP-OFDM is complexity. If DFT-S-OFDM is supported, receiver complexity is increased due to the requirement for reception of the DFT-S-OFDM signal. Considering the limited TUs in the NR V2X discussion, it is preferred that only CP-OFDM is supported for NR sidelink.
Proposal 1:
Only CP-OFDM is supported in NR sidelink.
2.2
RS signal design
In the RAN1 #94 meeting, candidate RS were identified. Similar to LTE V2X, DM-RS need to be supported. CSI-RS are also necessary to support efficient communication where feedback is used. Since NR-V2X needs to support unicast communication, such feedback communication should be supported. To support feedback, new RS, so called sidelink-CSI-RS can be introduced. The detailed design of sidelink-CSI-RS can be further studied, either using CSI-RS or SRS as the baseline.

The purpose of SRS is the same as CSI-RS. Therefore, only CSI-RS can be considered for measurement of sidelink channels status. PT-RS is also necessary at least for communication in FR2. Regarding AGC training signals, further clarification is necessary in terms of the performance benefit and signalling overhead.
Proposal 2:
DMRS and sidelink CSI-RS should be supported for NR sidelink.
Proposal 3:
PT-RS can be supported at least in FR2. FFS on FR1.
In general, the sidelink communication environment always changes when vehicles communicate with each other at different speeds and/or in different geographical conditions. It is necessary that NR-V2X provides reliable and efficient communication in these different speeds and conditions. 
Reducing unnecessary overhead will lead to higher communication performance in the sidelink. Therefore, RAN1 should consider techniques that may enhance communication performance by reducing overhead. Here are some of the various vehicular environments that will affect consideration of overhead reduction.
(1) Vehicle speed
· Vehicle speed mainly affects Doppler frequency shift. In the highway scenario, a speed of up to 140 km/h is assumed for each vehicle in the simulation assumptions, which means that the maximum relative speed is 280 km/h. The maximum requirement for relative speed is 500km/h in NR-V2X. To support such higher vehicle speeds, dense DMRS will be necessary.
· On the other hand, in the traffic jam scenario, a large number of vehicles are assumed with a very low speed, such as 10 km/h or below. Since the large number of vehicles can cause congestion of the communications traffic, their spectrum resources have to be carefully handled as otherwise the resource congestion gets even worse. Unlike the large Doppler case, for the low-speed scenario, the density of DMRS can be lowered.
· Anticipated Doppler environment can be different depending on countries/regions. The maximum speed may be different in some countries. The maximum speed can be different depending on the deployment area, e.g., urban or rural. In particular, in the urban area, maximum speed can be different depending on more specific reasons, such as road width, visibility, etc.
(2) Communication type
· In NR-V2X, various communication types should be supported such as unicast, groupcast and broadcast. The overhead may be reduced for specific communication types. 
· For example, if groupcast communication is used in the platooning scenario, the communication range and relative speed is almost fixed. In this case, DMRS overhead optimization can be applied. Also, if communication coverage is limited, feedback communication may not be necessary. In this case, CSI-RS overhead may also be reduced.
(3) Operation frequency
· Both FR1 and FR2 can be considered. The characteristics of these frequency ranges are different. 

· For example, if FR1 is used, PT-RS in FR1 can be reduced compared to PT-RS usage in FR2. Also, operation frequency will affect the properties of the Doppler effect. 
Observation 1:
Due to the presence of various V2X operation environments, flexible RS design is required to reduce unnecessary overhead.

Techniques that may improve overhead reduction may include RS format switching, where each RS format has different RS structure. The RS structure may be configured via SCI or higher layer signalling. It should be possible to control the use of such enhancement, depending on the speeds of vehicles, communication types and operation frequency ranges. RAN1 should study overhead reduction techniques to optimize overhead for various NR-V2X operations.
Proposal 4:
RAN1 should study overhead reduction techniques to optimize overhead for various NR-V2X operations.
3 Summary
In this contribution, the following observation and proposals are made:
Proposal 1:
Only CP-OFDM is supported in NR sidelink.
Proposal 2:
DMRS and sidelink CSI-RS should be supported for NR sidelink.
Proposal 3:
PT-RS can be supported at least in FR2. FFS on FR1.
Observation 1:
Due to the presence of various V2X operation environments, flexible RS design is required to reduce unnecessary overhead.

Proposal 4:
RAN1 should study overhead reduction techniques to optimize overhead for various NR-V2X operations.
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