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Introduction
In RAN1 #94 meeting [1], physical layer structure and procedure in NR V2X are discussed, the following agreements are achieved:
	Agreements:
· At least PSCCH and PSSCH are defined for NR V2X. PSCCH at least carries information necessary to decode PSSCH.
· Note: PSBCH will be discussed in the synchronization agenda.
· RAN1 continues study on the necessity of other channels. 
· Further study on
· Whether/which sidelink feedback information is carried by PSCCH or by another channel/signal.
· Whether/which information to assist resource allocation and/or schedule UE’s transmission resource(s) is carried by PSCCH or by another channel/signal.
· PSCCH format(s) and content(s) for unicast, groupcast, and broadcast
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
Agreements:
Agree the following assumptions as tentative assumptions for the simulation at least till RAN1#94bis
· AGC
· Up to [15] us in FR1. Up to [10] us in FR2.
· TX/RX switching time
· [13] us in FR1 and [7] us in FR2
· Time error
· Up to [0.4] us between a UE and its synchronization reference
· Frequency error
· Up to [0.1] PPM between a UE and its synchronization reference
Agreements:
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]RAN1 to continue study on multiplexing physical channels considering at least the above aspects:
· Multiplexing of PSCCH and the associated PSSCH (here, the “associated” means that the PSCCH at least carries information necessary to decode the PSSCH).
· Study further the following options: 
· Option 1: PSCCH and the associated PSSCH are transmitted using non-overlapping time resources.
· Option 1A: The frequency resources used by the two channels are the same.
· Option 1B: The frequency resources used by the two channels can be different.
· Option 2: PSCCH and the associated PSSCH are transmitted using non-overlapping frequency resources in the all the time resources used for transmission. The time resources used by the two channels are the same.
· Option 3: A part of PSCCH and the associated PSSCH are transmitted using overlapping time resources in non-overlapping frequency resources, but another part of the associated PSSCH and/or another part of the PSCCH are transmitted using non-overlapping time resources


In this contribution, we discuss issues on NR sidelink physical layer structure and procedures. The discussion is mainly focus on waveform, subcarrier spacing, CP length, DMRS design, channel coding, AGC, physical channels and so on. Additionally, some link level simulations were made to evaluate the relevant performance.
Discussion
Waveform
For NR uplink, both CP-OFDM and DFT-s-OFDM were supported. CP-OFDM system brings several benefits, e.g., simplified Tx and Rx chains, enhanced capabilities for interference cancellation, a higher flexible resource allocation mechanism that DMRS and data can be multiplexed in the same OFDM symbols. However, the major advantage of DFT-s-OFDM over CP-OFDM is the lower PAPR, it needs less power back-off and provides a better coverage.
[image: ][image: ]NR uplink supports the dynamic switching between CP-OFDM and DFT-s-OFDM. It is also beneficial to dynamically adapt the waveform for different scenarios for NR V2X Sidelink. DFT-s-OFDM should be used in the phase of initial access to extend the coverage of synchronization signals and broadcast signals. CP-OFDM can be used for capacity-limited scenarios in unicast and groupcast communication to achieve high spectrum efficiency. The CM and BLER performance of two waveforms are provided in Figure 1 and Figure 2.
 

[bookmark: OLE_LINK8][bookmark: OLE_LINK9]a) QPSK                                                                         b) 16QAM
[image: ][image: ]Figure 1: CM evaluations for candidate waveforms
 


a) 120KM/H                                                                    b) 280KM/H
Figure 2: BLER performance of candidate waveforms (16QAM)
Based on CM evaluation results as shown in Figure 1, it can be observed that CP-OFDM has higher CM statistics than DFT-s-OFDM. The increased CM of CP-OFDM is about 2.7dB for QPSK and 1.8dB for 16QAM.
Without considering the Power Amplifier (PA) in the link level simulation, the BLER performance is provided in Figure 2. The CP-OFDM only can provide a little better performance than DFT-s-OFDM. However, CP-OFDM needs extra 1.8dB power back-off than DFT-s-OFDM for 16QAM in fact. 
Proposal 1: NR V2X should support the flexible switching between CP-OFDM and DFT-s-OFDM.
 Subcarrier spacing
In Rel-14 and Rel-15, the subcarrier spacing (SCS) of LTE V2X is fixed to 15KHz, which means the symbol duration is about fixed to 71 us. The higher Doppler spread leads to the faster channel variations in time. The long symbol duration will reduce the resolution of signaling processing in time demand and thus degrade the channel estimation performance for high speed scenario. The scalable SCS is very necessary. As the SCS increases, the symbol duration gets shorter. The sidelink transmission latency is reduced. To reach a same channel estimation quality, it needs a smaller DMRS overhead. However, the Cyclic Prefix (CP) length would be reduced in proportion to the reduction of the symbol length. The details will be discussed in next subsection. 
We evaluate the sidelink BLER performance with SCS 15KHz, 30KHz and 60KHz under different relative speeds for FR1. In the simulation, 4 columns DMRS pattern (#2, #5, #8, #11) is configured. The 4 columns DMRS pattern is the same with the mapping type A of NR front-loaded DMRS and three sets of additional DMRS with one OFDM symbol. The BLER curves are as shown in Figure 3. It is observed that the performance for 15KHz SCS is worse than for 30 and 60 KHz SCS. When the relative speed reaches 500KM/H, 15KHz SCS cannot estimate channel state information (CSI) normally. The reason is that channel coherence time under this speed is less than the symbols duration.
[image: ]
Figure 3: BLER performance for different SCS
For broadcast, it is better to use a fixed SCS to avoid the interference between broadcast signals. We prefer 30KHz or 60KHz SCS with the extended CP length, which will be discussed in next subsection. For unicast and groupcast, the scalable SCS is a better choice. SCS can be adapted to the data transmission, according to carrier frequency and application scenario.
Proposal 2: It is preferred that only one fixed SCS is supported in NR V2X broadcast communication, 30KHz and 60KHz SCS could be the candidates. 
Proposal 3: NR V2X unicast and groupcast communication should support the flexible numerology of NR.
Cyclic Prefix length
[bookmark: OLE_LINK1][bookmark: OLE_LINK11][bookmark: OLE_LINK12]In this section, we model the fast fading channel and calculate the cumulative distribution function (CDF) of relevant delay spreads (DS) for different scenarios in NR V2X [2]. For sidelink broadcast, there is no timing advance (TA) signaling to align the timing. The CP length scales with SCS like NR, and should cover the sum of DS and transmission delay. So we can get the maximum communication range with CP length and delay spread. The computation results are as shown in Table 1. The value of DS in this table is taken from 99% of the CDF curve.
From Table 1, the yellow markers represent the situations that the maximum transmission distance is less than 300m. When the 60KHz SCS use the normal CP, the maximum transmission distance will be too short for broadcast coverage in the Urban-NLOS scenario. It is better to use extended CP for 60KHz SCS. For 15 and 30KHz SCS, normal CP is sufficient.
For sidelink unicast and groupcast, TA may be introduced in the future. The CP length needs FFS.
Proposal 4: For sidelink broadcast, 30KHz with NCP and 60KHz with ECP are proposed.
Table 1: CP length, DS and transmission distance for different scenarios in NR V2X
[image: ]
DMRS structure 
In NR, DMRS for data channel consists of two parts: front-loaded DMRS and additional DMRS. Front-loaded structure can promote fast decoding and latency reduction. The additional DMRS can cope with high Doppler shift scenarios. NR V2X DMRS should also be designed based on NR DMRS structure. In this section, we evaluate the link-level performance of different DMRS patterns based on the mapping type A of NR DMRS. The results are as shown in Figure 4. Three DMRS patterns are respectively configured as 2, 3 and 4 columns.
It can be observed from Figure 4 that 3/4 columns DMRS pattern can satisfy most scenarios except 15KHz SCS. For low speed UEs, all three DMRS patterns can provide a good enough BLER performance. As the speed increases, the performance of lower density pattern such as 2/3 columns begin to degrade. As the SCS increase, to reach the same channel estimation quality needs a smaller DMRS overhead. 
[image: ][image: ]Therefore, the DMRS pattern is related to the SCS used for V2X transmission. For broadcast communication, the fixed DMRS pattern is a proposed structure, and for unicast and groupcast, it is better to support flexible DMRS pattern.
  a)120KM/H                                                                      b)280KM/H

[image: ]
c) 500KM/H
Figure 4: BLER performance of different DMRS patterns
Proposal 5: The DMRS structure of NR sidelink shall be designed jointly with the design of SCS in sidelink transmission. DMRS pattern design 
· For broadcast communication, the fixed DMRS pattern is a proposed structure.
· For unicast and groupcast, it is better to support flexible DMRS pattern.
Channel coding
For PSCCH in NR V2X, the size of control information is small. From the perspective of coding, high reliability for transmission of PSCCH is very desirable. Polar code used in NR control channel is a coding scheme which utilizes channel polarization, and outperforms Turbo and TBCC code by utilizing CRC for extra error correction. Polar code has high encoding and decoding complexities for large packet size. In NR, CA Polar code with 11-bit CRC and PC-CA Polar 3-bit CRC are used for PUCCH with payload size large than 19 bits and payload size between 11-19 bits, respectively. The distributed Polar code with 24-bit CRC is used for PDCCH and PBCCH. A suitable Polar coding scheme needs to be selected for sidelink PSCCH depending on the payload size and the false alarm requirement.
In NR, the LDPC code is adopted for eMBB service, and it behaves well in URLLC scenarios. The use cases of V2X are covered in eMBB and URLLC, so the LDPC code should be suitable for NR V2X PSSCH.
Proposal 6: The Polar coding scheme should be selected for the channel coding of NR V2X PSCCH depending on the payload size and the false alarm requirements. NR LDPC code shall be used for NR V2X PSSCH.
AGC training signal
In LTE V2X, the signal strength from a receiving UE will be changed rapidly subframe by subframe due to the varied target UEs, and the first symbol is employed for AGC tracking. However, the puncture mechanism is employed for the AGC tracking symbol, which means data shall be mapped onto the first symbol, but from receiving aspects, the data in first symbol may be loss due to AGC tracking. This issue will impact the decoding performance.
Furthermore, if the flexible numerology is introduced in NR V2X, the duration of symbols may become shorter. One OFDM symbol length might not be enough for the AGC training with the same processing speed. To mitigate the AGC problem, it is better to introduce an AGC training signal.
Proposal 7: The AGC training signal should be introduced in NR V2X.
Sidelink Physical Channels
Based on the agreements about the multiplexing of PSCCH and associated PSSCH, there are several options as shown in Figure 5 [1].
[image: ]
Figure 5: Illustration of the every option
[bookmark: OLE_LINK7][bookmark: OLE_LINK10]For option 1A TDM between PSCCH and PSSCH, the frequency resources used by the two channels are the same, the length of SA frequency resources will vary with the size of data packets. The variable SA frequency resources are challengeable for blind detection. So option 1A is not proposed.
For option 1B TDM between PSCCH and PSSCH, the frequency resources used by the two channels can be different. The problem of blind detection will not exist. The receiving UE can start processing the data before the end of the slot, thereby reducing the latency for V2X communications. There is no IBE between SA and Data, but the spectrum efficiency of the SA symbols is low because of those unoccupied RBs.
Option 2 is same as LTE-V2X, PSCCH is FDMed with PSSCH. The weaknesses are that FDMed SA and Data will introduce latency in decoding. Existing IBE between SA and Data is higher than that of TDM. 
Option 3 is similar to option 1B, but it will introduce more IBE between SA and Data. If the frequency position of SA is not fixed in the date symbols, it will also enhance the overhead of blind detection.
In unicast and groupcast scenarios, it is better to introduce the HARQ feedback channel to improve the resource utilization and system capacity. If the feedback information is carried by PSCCH, there will be a lot of feedback latency, and the complexity is higher. An independent feedback channel is a better choice.
Proposal 8: For NR V2X, option 1B and option 2 are better solutions among these options. 
Proposal 9: Introduce HARQ feedback channel for unicast and groupcast.
Conclusion
In this contribution, we provide some proposals on the NR V2X physical structure as follow:
Proposal 1: NR V2X should support the flexible switching between CP-OFDM and DFT-s-OFDM.
Proposal 2: It is preferred that only one fixed SCS is supported in NR V2X broadcast communication, 30KHz and 60KHz SCS could be the candidates. 
Proposal 3: NR V2X unicast and groupcast communication should support the flexible numerology of NR.
Proposal 4: For sidelink broadcast, 30KHz with NCP and 60KHz with ECP are proposed.
Proposal 5: The DMRS structure of NR sidelink shall be designed jointly with the design of SCS in sidelink transmission. DMRS pattern design 
· For broadcast communication, the fixed DMRS pattern is a proposed structure.
· For unicast and groupcast, it is better to support flexible DMRS pattern.
Proposal 6: The Polar coding scheme should be selected for the channel coding of NR V2X PSCCH depending on the payload size and the false alarm requirements. NR LDPC code shall be used for NR V2X PSSCH.
Proposal 7: The AGC training signal should be introduced in NR V2X.
Proposal 8: For NR V2X, option 1B and option 2 are better solutions among these options. 
Proposal 9: Introduce HARQ feedback channel for unicast and groupcast.
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Appendix
In this section, we provide link level evaluation assumptions used for analysis of NR sidelink physical layer.
[bookmark: _Ref521664105]Table 2 Link level evaluation assumption
	Parameters 
	Assumptions 

	Carrier frequency 
	5.9 GHz 

	Waveform 
	CP-OFDM,DFT-s-FODM 

	Subcarrier spacing 
	15 kHz, 30 kHz, 60 kHz 

	DS 
	100ns 

	DMRS pattern
	4 columns:<2,5,8,11>
3 columns:<2,7,11>
2 columns:<2,11> 

	Channel estimation 
	No-Ideal 

	Channel model 
	CDL_E :UMA los 

	Channel coding 
	LDPC 

	Antenna configuration 
	(Tx, Rx) = (1, 4) 

	UE speed (Relative ) 
	120 km/h, 280 km/h,500km/h 

	Modulation 
	QPSK,16QAM 

	TBS 
	300 bytes for 4 columns DMRS pattern

	PRB 
	15/8 RBs=>CR(Coding Rate):0.33/0.64 




image3.emf
0 2 4 6 8 10 12 14 16 18 20

10

-3

10

-2

10

-1

10

0

SNR(dB)

BLER

1T4R-5.9GHz-120KMH-UMALOS(CDLE)-16QAM-4DMRS

 

 

CR0.33 CP-OFDM

CR0.33 DFT-s-OFDM

CR0.64 CP-OFDM

CR0.64 DFT-s-OFDM


image4.emf
0 2 4 6 8 10 12 14 16 18 20

10

-3

10

-2

10

-1

10

0

SNR(dB)

BLER

1T4R-5.9GHz-280KMH-UMALOS(CDLE)-16QAM-4DMRS

 

 

CR0.33 CP-OFDM

CR0.33 DFT-s-OFDM

CR0.64 CP-OFDM

CR0.64 DFT-s-OFDM


image5.emf
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

10

-2

10

-1

10

0

SNR(dB)

BLER

1T4R-5.9GHz-UMALOS(CDLE)-16QAM-CR0.33-15RBs-CP-OFDM-4DMRS

 

 

15KHz-120KM/H

30KHz-120KM/H

60KHz-120KM/H

15KHz-280KM/H

30KHz-280KM/H

60KHz-280KM/H

15KHz-500KM/H

30KHz-500KM/H

60KHz-500KM/H


image6.emf
SCS(KHz) CP(us) DS(us) Distance(m) DS(us) Distance(m) DS(us) Distance(m) DS(us) Distance(m) DS(us) Distance(m)

15 4.688 1318.2 1100.7 1241.4 1386 1385.7

30 2.344 615 397.5 538.2 682.8 682.5

60 1.172 263.4 45.9 186.6 331.2 330.9

60(ECP) 4.167 1162 945 1085 1230 1229

SCS(KHz) CP(us) DS(us) Distance(m) DS(us) Distance(m) DS(us) Distance(m) DS(us) Distance(m) DS(us) Distance(m)

60

120

60(ECP) 4.167 1184 956 1156 1230 1229

SCS(KHz) CP(us) DS(us) Distance(m) DS(us) Distance(m) DS(us) Distance(m) DS(us) Distance(m) DS(us) Distance(m)

60

120

60(ECP) 4.167 1193 952 1181 1230 1229

CDF of DS
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