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Introduction
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]In RAN1 #AH 1901 meeting [1], physical layer structure in NR V2X is discussed, the following agreements and conclusions are achieved: 
	Conclusion: 
· No extended CP is supported for 30 kHz in FR1 in Rel-16
· No extended CP is supported for 120 kHz in FR2 in Rel-16
Agreements:
· Confirm the working assumption
· Working assumption: only one SL BWP is configured in a carrier for a NR V2X UE
Agreements:
· Configuration for SL BWP is separated from Uu BWP configuration signalling.
· UE is not expected to use different numerology in the configured SL BWP and active UL BWP in the same carrier at a given time.
· FFS the time scale
· FFS relation to DL BWP including initial Uu BWP
· FFS relation in terms of frequency location and bandwidth
Agreements:
· [bookmark: OLE_LINK4][bookmark: OLE_LINK5]For time domain resources of a resource pool for PSSCH, 
· Support the case where the resource pool consists of non-contiguous time resources
· FFS details including granularity
· For frequency domain resources of a resource pool for PSSCH, 
· Down select following options:
· Option 1: The resource pool always consists of contiguous PRBs
· Option 2: The resource pool can consist of non-contiguous PRBs
Agreements:
· [bookmark: OLE_LINK18][bookmark: OLE_LINK21]Multiple DMRS patterns in time domain are supported for PSSCH
· FFS: Whether a DMRS pattern is selected based on the subcarrier spacing
· FFS: Single or multiple DMRS pattern(s) per a resource pool
· FFS: How TX UE and RX UE can be aligned in terms of the DMRS pattern used for PSSCH
· FFS: RE mapping, sequence generation
· Continue to study DMRS pattern in frequency domain for PSSCH
· E.g. Whether multiple patterns are supported, whether PDSCH/PUSCH DMRS configuration 1 or 2 is reused.

Agreements:
· Support PT-RS for PSSCH for FR2
[bookmark: OLE_LINK22][bookmark: OLE_LINK23]Conclusion:
· RAN1 to conclude on the need of physical channel for discovery in RAN1#96.


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
· Resource pool
· DMRS design for PSSCH
· Physical sidelink channel
· AGC handling
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. Because sidelink UE should also act as a normal UE and Uu UL schemes can be reused on sidelink in principle, it seems no reason to restrict the available types of waveform on sidelink. In the phase of synchronization procedure for NR V2X Sidelink, DFT-s-OFDM can be used to extend the coverage of synchronization signals and broadcast signals. Furthermore, 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 performance benefit of DFT-s-OFDM is generally better than that of CP-OFDM. CP-OFDM needs extra 2.1dB power back-off for QPSK and 1.8dB for 16QAM.
In high frequency band, the signal attenuation is quite severe. The coverage will be limited in high frequency band, so the advantages of approximate 2dB power back-off for DFT-s-OFDM is much significant. The DFT-s-OFDM should be supported at least for FR2.
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. 
Table 2: Percentage increase in coverage using DFT-s-OFDM
	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 which can significantly improve communication range should be used in NR sidelink. 
[bookmark: OLE_LINK12][bookmark: OLE_LINK17]Numerology 
[bookmark: OLE_LINK10]The Delay Spreads (DS) of fast fading channel in 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 3 is the computation results of communication range of different SCS and associated CP length for FR2.  
Table 3: CP length, DS and communication range
[image: ]
It can be observed that the applicability of 120KHz SCS with NCP is seriously restricted, especially for the Urban-NLOS scenario that NCP length of 120 KHz SCS cannot even cover DS in Urban-NLOS scenario. If a UE plays the role as the synchronization source, the propagation delay will be doubled which implies the communication range will be reduced by about half. The communication range of 120kHz SCS with NCP will be too short for most scenarios. Even in highway scenario, it is only about 77m which is far less than the typical safe distance. Further considered that only one SL BWP is configured in carrier, that means the broadcast, unicast and groupcast shall use same numerology in a carrier. Therefore, we think 120KHz SCS with NCS shall not be used in NR V2X FR2. 
[bookmark: OLE_LINK9][bookmark: OLE_LINK11][bookmark: OLE_LINK3]Proposal 2: 120kHz SCS with NCP shall not be supported  in NR V2X FR2.
Resource Pool
For the non-continuous time domain resources of a resource pool, it is useful to define a resource pool in the case of shared carrier between Uu and SL. Uu transmissions may require that the resource pool be non-contiguous in time domain. Because NR Uu slot format can be configured with all DL symbols, all UL symbols, all flexible symbols or a combination of these types. The flexible slot format is helpful to reduce latencies and improve resource utilization efficiency.  
For frequency domain resources of a resource pool for PSSCH, the resource pools should be confined within SL BWP and to avoid complicated signaling procedures. 
NR V2X needs more stringent latency requirement and has more flexible slot format. The resource could be configured based on either slot or mini-slot in time domain. The slot-based and mini-slot-based resource pool can provide the flexibility of slot format configuration and allow Uu and SL multiplexing at symbol level. For the frequency granularity, the concept of sub-channel can be reused in NR V2X.
Proposal 3: Both slot-based and mini-slot-based should be considered as the granularities of resource pool in time domain.
Proposal 4: For the frequency granularity, the concept of subchannel can be reused in NR V2X.
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). 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
[image: ]
a). Time domain patterns
[image: ]
b). Frequency domain patterns
Figure 2. DMRS time/frequency domain patterns
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/h speed. 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 5: 15kHz SCS should not be considered for ultra high-speed scenarios for NR V2X FR1.
Proposal 6: For 30kHz SCS, 4-symbol DMRS within a slot will be sufficient in meeting the BLER performance requirements of NR V2X FR1.
[bookmark: OLE_LINK14][bookmark: OLE_LINK13]Proposal 7: For 60kHz SCS, 3-symbol DMRS within a slot will be sufficient in meeting the BLER performance requirements of NR V2X FR1.
The configuration methods of DMRS patterns in NR Uu can be a starting point for the PSSCH with the front-loaded DMRS and additional DMRS constitute a complete pattern. For NR V2X unicast and groupcast, a sidelink DMRS pattern should be selected based on the subcarrier spacing and UE speed, and avoid the position of AGC symbol(s), because both resource utilization efficiency and reliability are very important measurement of the communication system. Multiple DMRS patterns should be supported for different configurations and slot formats of PSSCH. For NR V2X broadcast, a fixed DMRS pattern should be used like LTE V2X. Because the Tx UE only can get the information of the subcarrier spacing, but it has no idea of the Rx UEs speed. An optimal DMRS pattern should be selected based on the subcarrier spacing to keep the best BLER performance even in the worst scenarios.
[bookmark: OLE_LINK6][bookmark: OLE_LINK28]Proposal 8: NR V2X should support the flexible DMRS patterns:
· A DMRS pattern should be selected based on the subcarrier spacing and UE speed for unicast and groupcast.
· A DMRS pattern should be selected based on the subcarrier spacing for broadcast.
Because there is no centralized control by scheduler at gNB in NR sidelink, the apparent issue is the mutual understanding of DMRS pattern used for PSSCH between TX UE and RX UE. A RSU can configure the DMRS patterns based on the actual road conditions. The DMRS pattern of TX and RX UE is assigned by the RSU when UEs drive on the special roads. The DMRS pattern could also be indicated by SCI. The RX UE can acquire the DMRS pattern of TX UE through the received SCI. The dynamic indication of DMRS pattern provides the flexible DMRS but increases the overhead of SCI







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
[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 shown in Figure 2b). The evaluation results for different DMRS frequency domain patterns in Highway-LOS scenario are provided in Figure 3.
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 9: 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.
[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.
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 extended to all of the rest options as the special subsets of option 3. If the control channel coverage is designed to be enhanced, option 3 can transform the structure into option 1 & 2 as shown in Figure 5. Only one option can solve all of problems. The physical channel 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. The DMRS and PSSCH are TDM-multiplexed with the symbols that have PSCCH to avoid puncturing in frequency, because no additional DMRS is needed for PSSCH using overlapping time resources with PSCCH.
Proposal 10: 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 between PSCCH and PSSCH only has very little impacts on latency.
Physical sidelink feedback channel
It has been agreed in RAN# 95 that the feedback channel should be introduced for NR sidelink. 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 among multiplexed users 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 11: NR PUCCH Format 0 should be considered as the starting point for the design of physical sidelink feedback channel.
The PSFCH can be mapped to one or more OFDM symbols at the end of a slot for HARQ feedback, and TDMed with PSCCH/PSSCH. Time gap and AGC handling will be introduced between PSCCH/PSSCH receive and PSFCH transmission. A fast feedback can be obtained in such a way. If the fast feedback is not necessarily needed, the PSFCH can also be mapped to any OFDM symbols of a slot, and FDMed/TDMed with PSCCH/PSSCH. Time gap and AGC handling need FFS.
[bookmark: _Toc534811038][bookmark: _Toc534992151]Proposal 12: PSFCH for HARQ feedback should be transmitted at the end of a slot.



Figure 7: Multiplexing between PSCCH/PSSCH and PSFCH
AGC Handling 
[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 8 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 8: AGC RS structure
The evaluation results of AGC RS are shown  in Figure 9. The frequency offset estimation using AGC RS is evaluated. The BLER performance shows in Figure 9 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.
[bookmark: OLE_LINK24][bookmark: OLE_LINK25]Proposal 13: 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.
[image: ]
Figure 9: The BLER performance with AGC RS 
Conclusion
In this contribution, we provide some proposals on the NR V2X physical structure as follow:
Proposal 1:  DFT-s-OFDM which can significantly improve communication range should be used in NR sidelink. 
Proposal 2: 120kHz SCS with NCP shall not be supported  in NR V2X FR2.
[bookmark: _GoBack]Proposal 3: Both slot-based and mini-slot-based should be considered as the granularities of resource pool in time domain.
Proposal 4: For the frequency granularity, the concept of subchannel can be reused in NR V2X.
Proposal 5: 15kHz SCS should not be considered for ultra high-speed scenarios for NR V2X FR1.
Proposal 6: For 30kHz SCS, 4-symbol DMRS within a slot will be sufficient in meeting the BLER performance requirements of NR V2X FR1.
Proposal 7: For 60kHz SCS, 3-symbol DMRS within a slot will be sufficient in meeting the BLER performance requirements of NR V2X FR1.
Proposal 8: NR V2X should support the flexible DMRS patterns:
· A DMRS pattern should be selected based on the subcarrier spacing and UE speed for unicast and groupcast.
· A DMRS pattern should be selected based on the subcarrier spacing for broadcast.
Proposal 9: The flexible DMRS pattern in frequency domain should be considered for NR V2X.
Proposal 10: For NR V2X, option 3 should be supported, but the structure of option 3 can be expanded beyond the scope presented in RAN1# 94
Observation:  FDM multiplexing between PSCCH and PSSCH only has very little impacts on latency.
Proposal 11: NR PUCCH Format 0 should be considered as the starting point for the design of physical sidelink feedback channel.
Proposal 12: PSFCH for HARQ feedback should be transmitted at the end of a slot.
Proposal 13: 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 4. 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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