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Introduction
In RAN1 #95 meeting [1], physical layer structure and procedure in NR V2X are discussed, the following agreements are achieved: 
	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.
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]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
Agreements:
· BWP is defined for NR sidelink.
· In a licensed carrier, SL BWP is defined separately from BWP for Uu from the specification perspective.
· FFS the relation with Uu BWP.
· The same SL BWP is used for both Tx and Rx.
· Each resource pool is (pre)configured within a SL BWP. 
· Only one SL BWP is (pre)configured for RRC idle or out of coverage NR V2X UEs in a carrier. 
· For RRC connected UEs, only one SL BWP is active in a carrier. No signalling is exchanged in sidelink for activation and deactivation of SL BWP.
· Working assumption: only one SL BWP is configured in a carrier for a NR V2X UE
· Revisit in the next meeting if significant issues are found
· Numerology is a part of SL BWP configuration. 
Note: This does not intend to make restriction in designing the sidelink aspects related to SL BWP.
Note: This does not preclude the possibility where a NR V2X UE uses a Tx RF bandwidth the same as or different than the SL BWP.
Working assumption:
· Regarding PSCCH / PSSCH multiplexing, at least option 3 is supported for CP-OFDM.
· RAN1 assumes that transient period is not needed between symbols containing PSCCH and symbols not containing PSCCH in the supported design of option 3.
· FFS how to determine the starting symbol of PSCCH and the associated PSSCH
· FFS for other options. e.g. whether some of them are supported to increase PSCCH coverage.
Send an LS to RAN4 to ask the following for options 1A/1B/3 (adding details of 1A/1B/3 in the LS) – R1-1814089, which is endorsed with the following updates:
· Fixing email address
· “identified” to “are studying”
Final LS in R1-1814165
Working assumption:
· For RAN1 evaluation purpose only, until RAN4 response on AGC and switching time, it is assumed that one symbol is used for AGC and another one symbol is used for TX/RX switching.
Note: TX/RX switching includes transition in the power amplifier.


In this contribution, we continue to discuss issues on NR sidelink physical layer structure, and some evaluation results are provided. The discussion is mainly focus on the following topics:
· Waveform
· Numerology
· DMRS design for PSSCH
· Physical sidelink channel
· AGC RS
Waveform
CP-OFDM has already been agreed to be supported as a NR sidelink waveform. Its high flexible resource allocation mechanism and good BLER performance offer important advantages. Vehicles with good link budget can use CP-OFDM to optimize their performance. However, the CM of CP-OFDM and DFT-s-OFDM is provided in [2]. 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. However, the CM advantage of DFT-s-OFDM is generally higher than the performance benefit of CP-OFDM. CP-OFDM needs extra 2.1dB power back-off for QPSK and 1.8dB for 16QAM.
Pathloss model for V2V links is given in the following table in [3]:
Table 1: Pathloss for V2V links
	LOS/NLOS/NLOSv
	Pathloss [dB]

	LOS, NLOSv
	For Highway case, PL = 32.4 + 20log10(d) + 20log10(fc)  (fc is in GHz and d is in meters)
For Urban case, PL= 38.77 + 16.7log10(d) + 18.2log10(fc) (fc is in GHz and d is in meters)

	NLOS
	PL= 36.85 + 30log10(d) + 18.9log10(fc) (fc is in GHz and d is in meters) where d is the Euclidean distance between TX and RX 


Here we can get an ideal SNR difference equal to a path loss difference,
[bookmark: OLE_LINK26][bookmark: OLE_LINK27]ΔSNR=ΔPL=u×log10(d1/d2)
Where u is 20, 16.7 or 30 for LOS/NLOSv Highway, LOS/NLOSv Urban and NLOS respectively as defined in table 1.The percentage increase in coverage can be computed as shown in table 2. The improvement is quite obvious in theory. DFT-s-OFDM will be very helpful to extend the communication range. So it should also be supported as a NR sidelink waveform.
Table 2: Percentage increase in coverage
	ΔSNR
	1.8dB for 16QAM
	2.1dB for QPSK

	LOS/NLOSv highway
	23%
	27%

	LOS/NLOSv Urban
	28%
	33%

	NLOS
	14%
	17%


Proposal 1:  DFT-s-OFDM can significantly improve communication range, it should be supported in NR sidelink. 
Numerology 
It was agreed in RAN1# 94bis that NR sidelink should support the SCSs supported by Uu in a given frequency range, i.e, {15, 30, 60kHz} in FR1 and {60, 120kHz} in FR2. In [2], the sidelink BLER performance with SCS 15kHz, 30kHz and 60kHz under different relative speeds for FR1 have been shown. We can see smaller SCS would  support wider range of  V2X communication. Smaller SCS has the results of the longer duration of an OFDM symbol within a slot, which leads to lower processing speed and higher latency. Larger SCS can achieve lower transmission latency and lower DMRS overhead but higher processing power. Therefore, the design of sidelink frame structure should consider the tradeoff between the V2X communication range, the complexity and the latency. The communication system should choose appropriate SCS according to application scenarios. And only one SL BWP is configured in a carrier for a NR V2X UE.
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]The Cyclic Prefix (CP) length would be reduced in proportion to the reduction of the symbol length when the SCS increase. The decrease of the CP length will limit the V2X communication range. In some use cases for advanced driving and extended sensors in TS22.186 [4], the minimum required communication ranges are larger than 700m. 
Table 3: Performance requirements for NR V2X
	Req #
	Payload (Bytes)
	Tx rate (Message/Sec)
	Max
end-to-end latency
(ms)
	Reliability (%)
(NOTE3)
	Data rate (Mbps)
	Min required Communication range (meters) 
(NOTE 4)

	
	
	
	
	
	
	

	[R.5.3-002]
	6500
(NOTE 1)
	10
	100
	
	
	700

	[R.5.3-004]
	6000
(NOTE 1)
	10
	100
	
	
	700

	[R.5.4-001]
	1600
	10
	100
	99
	
	1000

	[R.5.4-005]
	
	
	50
	99
	10
	1000


[bookmark: OLE_LINK10]The Delay Spreads (DS) of fast fading channel for different scenarios are calculated in the contribution [2]. For the V2X broadcast, there is no timing advance signaling to align the timing of the transmitter to the receiver, the CP length is associated with the maximum communication range. Table 4 is the computation results for FR1 and FR2. We can see only 15kHz SCS with NCP and 60kHz SCS with ECP can satisfy the coverage.
Table 4: CP length, DS and communication range
[image: ]
If 30kHz SCS and 120kHz SCS are used in NR V2X, it is better to introduce the extended CP. Especially for 120kHz SCS, NCP length cannot even cover DS in Urban-NLOS scenario. it will be unable to work. So the system should restrict application scenarios of 120kHz SCS, or introduce the extended CP. If the minimum required communication ranges are larger than 700m or 1000m is required for 30kHz SCS, the extended CP is also necessary as shown in Table 4.
[bookmark: OLE_LINK9][bookmark: OLE_LINK11]Proposal 2: NR sidelink supports the following CP lengths for broadcast:
· For FR1, 15KHz SCS with NCP and 60KHz SCS with ECP are proposed, and the extended CP for 30kHz SCS could be the candidate.
· For FR2, 60KHz SCS with ECP is proposed, the application scenarios of 120kHz SCS with NCP should be restricted, or introducing the extended CP for 120kHz SCS.
DMRS design for PSSCH
In NR Uu interface, the DMRS for the demodulation of the data was designed to  consist of two parts: the front-loaded DMRS and additional DMRS. To battle the channel effect caused by the higher relative speed and improve the resource efficiency, NR V2X DMRS pattern should be flexible as that in NR Uu. The evaluation results for different DMRS patterns at different numerologies are provided in this contribution. Three DMRS patterns are respectively configured as 2, 3 and 4 symbols in time domain as shown in Figure 2 a). It can be observed from the evaluation results in Figure 3 that the 3- and  4-symbol DMRS pattern can satisfy the BLER performance for most scenarios except for the scenario of 15kHz SCS with 500 km/hr speed. NR sidelink slot structure is already very crowded as shown in Figure 1. The maximum density of DMRS in time domain cannot be more than 4 in a slot. 


Figure 1. An example for NR V2X slot structure
For low speed UEs, all three DMRS patterns can provide sufficient BLER performance. As the speed increases, the BLER performance of lower density pattern such as 2- and3- symbol DMRS pattern begin to degrade. 
Proposal 3: 15kHz SCS should not be considered for ultra high-speed scenarios for NR V2X FR1.
Proposal 4: For 30kHz SCS, 4-symbol DMRS within a slot will be sufficient in meeting the BLER performance reqirements  for NR V2X FR1.
[bookmark: OLE_LINK14][bookmark: OLE_LINK13]Proposal 5: For 60kHz SCS, 3-symbol DMRS within a slot will be sufficient in meeting the BLER performance reqirements  for NR V2X FR1.
[image: ]
a). Time domain
[image: ]
b). Frequency domain
Figure 2. DMRS time/frequency domain patterns
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]The DMRS density in frequency domain is also investigated . In this contribution, comb2, comb3 and comb6 patterns in frequency domain are evaluated. The frequency domain structure is as shown in Figure 2b). The evaluation results for different DMRS frequency domain patterns in Highway-LOS scenario are provided in Figure 3.
SCS: 15kHz                                                                     SCS: 30kHz
[image: ]
SCS: 60kHz
a). 120KM/h Highway-LOS
SCS: 15kHz                                                                         SCS: 30kHz
[image: ]
SCS: 60kHz
b). 500KM/h Highway-LOS
Figure 3. Evaluation results for different DMRS patterns in Highway-LOS scenario
From Figure 3, the performance of the comb6 DMRS pattern is worse than that of comb2 and comb3. The comb2 and comb3 DMRS pattern still has acceptable performance and can reduce the DMRS overhead. Thus, NR V2X DMRS frequency domain pattern also can be flexible. The vehicle can adopt the sparse frequency pattern to improve resource utilization when the requirement in some scenarios is not very high.
Proposal 6: The flexible DMRS pattern in frequency domain should be considered for NR V2X.
Physical sidelink channel
Multiplexing between PSCCH and PSSCH
Based on the agreements about the multiplexing of PSCCH and associated PSSCH, there are several options as shown in Figure 4[1].
[image: ]          [image: ]
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][image: ]          [image: ]
	Figure 4: Illustration of the Multiplexing options	
Option 1A: 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.
[bookmark: OLE_LINK3][bookmark: OLE_LINK6]It is agreed in RAN1# 95 that option 3 is supported at least, 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. However, the structure of option 3 can be expanded beyond the scope presented here. Even all of the rest options can be special subsets of option 3. It can be a more flexible structure. If we want to enhance control channel coverage, option 3 can be transformed into a structure like option 1 & 2 as shown in Figure 5. Only one option can solve all of problems. The structure can be changed according to the requirement. Option 3 can be used to support for high resource efficiencies, and option 1B’ can be used to support for high coverage scenarios.
[image: ]
[image: ]
Figure 5. A flexible structure of option3
For the DMRS of PSCCH and PSSCH, they should be designed independently like CORESET and PDSCH in NR Uu. It is not needed to TDM the DMRS of PSSCH with the symbols that have PSCCH to avoid puncturing in frequency, because there is no need to introduce extra DMRS for a few symbols of PSSCH using overlapping time resources with PSCCH.
Proposal 7: For NR V2X, option 3 should be supported, but the structure of option 3 can be expanded beyond the scope presented in RAN1# 94
For FDM multiplexing of PSCCH and associated PSSCH:
It is same as LTE-V2X. This structure allows UEs to boost power of SA to improve the reliability and coverage. Compared with TDM options, the latency difference mainly lies in the decoding time of SA. This improvement of latency is very limited. Larger SCS means shorter duration of OFDM symbol, which is also desirable for low latency service. 
Observation:  FDM multiplexing only has very little effects on latency.
Physical sidelink feedback channel
In LTE-V2X, there are only PSCCH and PSSCH which are used for carrying sidelink scheduling assignment and data respectively without feedback on these two sidelink channels. For unicast and groupcast in NR V2X,  HARQ feedback mechanism needs to be introduced for improving service reliability and resource utilization. If receiving UE sends HARQ feedback information on PSCCH or PSSCH, the method cannot guarantee the timely delivery of the HARQ feedback while there is no data transmission from the receiving UE. So an independent feedback channel is a better choice.
For reducing the complexity of sidelink feedback channel, the sequence-based feedback channel is supported. NR PUCCH Format 0 can be a good starting point for PSFCH:
PUCCH Format 0:
· Zadoff-Chu  sequence is used  sequence
· 1 RB, 1 or 2 symbols
· Different HARQ-ACK states use different cyclic shifts determined from an initial value m0


Figure 6: NR PUCCH format 0
PUCCH Format 0 is a  sequence-based control channel carrying HARQ-ACK feedback. Different HARQ-ACK states use different cyclic shifts determined from an initial value m0. The sequences are good enough to be orthogonal and carry up to 6 different states. The feedback channel of NR sidelink is a little different from that of NR Uu. The complicated road conditions and high speed movement characteristic of NR V2X limits the support of the number of feedback channels and data multiplexing from different users’ control information. The enhanced sequence-based feedback channel already can meet the basic requirement of V2X application scenarios. And we can extend the length of sequence or the number of symbols from PUCCH format 0 to enhance the coverage range.
Proposal 8: NR PUCCH Format 0 should be considered as the starting point for the design of physical sidelink feedback channel.
AGC RS 
[bookmark: OLE_LINK19][bookmark: OLE_LINK20]For sidelink unicast and groupcast, UE may need to perform CSI acquisition for link adaptation or beamforming. One method of CSI acquisition is sending CSI-RS from transmitting UE and receiving CSI feedback from the receiving UE.  The other way is for the receive UE sending SRS to support reciprocity-based CSI acquisition. The method of CSI acquisition through CSI feedback will make the sidelink slot structure quite complicated, or introduce an extra feedback channel for CSI-feedback. It is not practical for any UE to send a periodic RS for sidelink, such as CSI-RS or SRS.
In LTE V2X, the signal strength from a receiving UE will be changed rapidly subframe by subframe due to the varied target UEs. The first symbol is employed for AGC tracking. However, the puncture mechanism is employed for the AGC tracking symbol, which the data was mapped onto the first symbol and punctured. If the flexible numerology is introduced with higher SCS for NR V2X, the duration of symbols becomes shorter for higher SCS. One OFDM symbol length might not be enough for the AGC training with the same processing speed. To mitigate the AGC training issues, it would be better to introduce an AGC training signal.
An AGC RS could be transmitted at the beginning of the slot before every data transmission and not part PSSCH.  The AGC RS could be used for AGC training purpose, channel tracking, and along with DMRS for channel estimation. The AGC RS could also be used for the receiving UE to perform CSI acquisition. The other function could be by AGC RS is the RS for the channel clearance detection for LBT. The length of AGC RS could be a few symbols. Figure 7 shows some examples.
[image: ]
a) Only one AGC RS.
[image: ]
b) Two AGC RS.
[image: ]
c)The SCS of AGC RS is different from SA+DATA.
Figure 7: AGC RS structure
The evaluation results of AGC RS are shown  in Figure 8. The frequency offset estimation using AGC RS is evaluated. The BLER performance shows in Figure 8 that the AGC RS improves significantly. Both 15kHz SCS -4DMRS and 30kHz SCS-2DMRS cannot work in ultra high-speed scenarios. But the BLER performance gets  improvement with the help of AGC RS.
[image: ]
Figure 8: The BLER performance with AGC RS 
Proposal 9: The AGC RS should be considered in the V2X sidelink channel for CSI acquisition, AGC tracking and along with DMRS for channel estimation before every data transmission.
Conclusion
In this contribution, we provide some proposals on the NR V2X physical structure as follow:
Proposal 1:  DFT-s-OFDM can significantly improve communication range, it should be supported in NR sidelink. 
Proposal 2: NR sidelink supports the following CP lengths for broadcast:
· For FR1, 15KHz SCS with NCP and 60KHz SCS with ECP are proposed, and the extended CP for 30kHz SCS could be the candidate.
· For FR2, 60KHz SCS with ECP is proposed, the application scenarios of 120kHz SCS with NCP should be restricted, or introducing the extended CP for 120kHz SCS.
Proposal 3: 15kHz SCS should not be considered for ultra high-speed scenarios for NR V2X FR1.
Proposal 4: For 30kHz SCS, 4-symbol DMRS within a slot will be sufficient in meeting the BLER performance reqirements  for NR V2X FR1.
Proposal 5: For 60kHz SCS, 3-symbol DMRS within a slot will be sufficient in meeting the BLER performance reqirements  for NR V2X FR1.
Proposal 6: The flexible DMRS pattern in frequency domain should be considered for NR V2X.
Proposal 7: For NR V2X, option 3 should be supported, but the structure of option 3 can be expanded beyond the scope presented in RAN1# 94
Proposal 8: NR PUCCH Format 0 should be considered as the starting point for the design of physical sidelink feedback channel.
Proposal 9: The AGC RS should be considered in the V2X sidelink channel for CSI acquisition, AGC tracking and along with DMRS for channel estimation before every data transmission.
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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 5. Link level evaluation assumption
	Parameters 
	Assumptions 

	Carrier frequency 
	5.9 GHz 

	Waveform 
	CP-OFDM,

	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> 
Comb 2/3/6

	Channel estimation 
	No-Ideal 

	Channel model 
	Sidelink: Highway-LOS

	Channel coding 
	LDPC 

	Antenna configuration 
	(Tx, Rx) = (2, 4) 

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

	Modulation 
	16QAM 

	TBS 
	300 bytes

	PRB 
	25 RBs 
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SCS(KHz) CP(us) DS(us) Range(m) DS(us) Range(m) DS(us) Range(m) DS(us) Range(m) DS(us) Range(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

30(ECP) 8.334 2412 2194.5 2335.2 2479.8 2479.5

60(ECP) 4.167 1162 945 1085 1230 1229
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