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Introduction
In RAN1 #94bis meeting [1], physical layer structure and procedure in NR V2X are discussed, the following agreements are achieved:
	Agreements:
· NR sidelink supports the SCSs supported by Uu in a given frequency range, i.e., {15, 30, 60 kHz} in FR1 and {60, 120 kHz} in FR2.
· FFS the supported CP length
· Baseline is that a UE is not required to receive sidelink transmissions using different SCSs simultaneously in a given carrier.
· FFS if this applies to sidelink synchronization signals/channels
· Baseline is that a UE is not required to transmit sidelink transmissions using different SCSs simultaneously in a given carrier.
· FFS if this applies to sidelink synchronization signals/channels

[bookmark: OLE_LINK6][bookmark: OLE_LINK5]Continue discussion on the wavefom till next meeting – companies are encouraged to perform more analysis/evaluations.

Agreements:
For PSCCH and associated PSSCH multiplexing
· At least one of Option 1A, 1B, and 3 is supported.
· FFS whether some options require transient period between PSCCH and PSSCH.
· FFS whether to support Option 2
Agreements:
Sidelink control information (SCI) is defined.
SCI is transmitted in PSCCH.
SCI includes at least one SCI format which includes the information necessary to decode the corresponding PSSCH.
NDI, if defined, is a part of SCI.
Sidelink feedback control information (SFCI) is defined.
SFCI includes at least one SFCI format which includes HARQ-ACK for the corresponding PSSCH.
FFS whether a solution will use only one of “ACK,” “NACK,” “DTX,” or use a combination of them.
FFS how to include other feedback information (if supported) in SFCI.
FFS how to convey SFCI on sidelink in PSCCH, and/or PSSCH, and/or a new physical sidelink channel
FFS in the context of Mode 1:
whether/how to convey information for SCI on downlink
whether/how to convey information of SFCI on uplink

Agreements:
At least resource pool is supported for NR sidelink
Resource pool is a set of time and frequency resources that can be used for sidelink transmission and/or reception.
FFS whether a resource pool consists of contiguous resources in time and/or frequency.
A resource pool is inside the RF bandwidth of the UE.
FFS how gNB and other UEs know the RF bandwidth of the UE
FFS if BWP (if defined) can be used to in defining at least part of resource pool
FFS if the numerology of a resource pool is indicated as a part of (pre-)configuration for resource pool, carrier, band, or BWP (if defined)
UE assumes a single numerology in using a resource pool.
Multiple resource pools can be configured to a single UE in a given carrier.
FFS how to use multiple resource pools when (pre-)configured.
FFS BWP is supported for NR sidelink
FFS whether RAN1 can assume that at most one BWP is configured in a carrier from the system perspective.
It is RAN1 understanding that, in some cases, the entire system bandwidth is covered by a single BWP.
FFS the details of BWP configurations, including the possibility of restricting the number of BWPs
FFS whether BWP for TX and RX is separated or a common BWP applied to both TX and RX
There is at most one activated sidelink BWP for a UE in a given carrier as in the Uu case
Further study the feasibility, benefit, and impact of sidelink BWP switching
Aim to conclude in RAN1#95
Companies are encouraged to provide more analysis, including checking current Rel-15 specification regarding BWP related text


In this contribution, we discuss issues on NR sidelink physical layer structure. The discussion is mainly focus on the following topics:
· Resource pool and BWP
· Waveform
· Numerology
· RS design
· Physical sidelink channel 
Resource pool and BWP
In NR Uu, BWP is introduced with the following motivations:
· Supporting the operation of narrow bandwidth in a wide system bandwidth when UE is incapable of operating in the whole system bandwidth.
· Supporting UE power saving by confining a UE to a narrow bandwidth operation.
· Supporting flexible sidelink numerologies on a carrier.
In addition to the above characteristics, BWP also has some limitation. With the consideration of the UE complexity, only one BWP can be active for a UE, and BWP can only indicate the resource in frequency domain with the constraint of FFT sub-structure, which the number of RBs is sub-multiple of the total RBs by the power of 2. However, resource pool can support resource partition in both frequency domain and time domain, which can provide flexible resource configuration for V2X communication, and potentially reduce the resource collision. In this situation, resource pool shall be introduced in NR V2X communication, whether BWP is introduced or not needs further investigation. 
Further considering the situation of BWP operation in NR Uu, only unicast is support between gNB and UE, and only one active BWP is configured in each direction (e.g. UL and DL). However, in NR V2X sidelink communication, it is a different story from NR Uu at least for sidelink broadcast communication. 
Supporting different numerologies in NR sidelink may be beneficial of different NR V2X QoS requirements, e.g. latency, reliability and etc. How to perform different numerologies in NR sidelink is discussed. In general, two methods are analyzed in following:
· [bookmark: OLE_LINK23][bookmark: OLE_LINK24]If the TDM multiplexing of different numerologies resource pools is adopted as shown in figure 1, the UE needs extra numerology switching time that will increase the time delay. For a packet with strict latency requirement, the current configured transmission resources may be not suitable for transmitting because of the lager symbol period. So the packet has to wait for the available transmission resources, which will lead to extra delay time. 
· If adopting the FDM multiplexing of different numerologies resource pools on a carrier as shown in figure 2, the receiver UE needs to operate blind detection for each supported SCS, which will increase UE complexity. And there are different numerologies within one carrier, inter-numerology interference among different UEs may be a problem due to the timing and frequency error..
Based on above analysis, both TDM and FDM will be problematical. An easier way to perform multiple SCS in NR sidelink could be mapped different numerologies to different carriers. In this situation, there is no need to introduce BWP in NR sidelink, just keeping the ability of R-15 resource pools is enough.
Proposal 1: The resource pools with different numerologies should be mapped to different carriers.


Figure 1: TDM numerologies resource pools


Figure 2: FDM numerologies resource pools on same carrier
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. DFT-s-OFDM requires less power back-off and provides a better coverage comparing to that of CP-OFDM.
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. In the phase of synchronization procedure for NR V2X sidelink, DFT-s-OFDM should be used 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. At least, DFT-s-OFDM is beneficial for FR2 operation where coverage is a more important design factor. The CM and BLER performance of two waveforms are provided in Figure 3 and Figure 4.
[bookmark: OLE_LINK17][bookmark: OLE_LINK18][image: ][image: ]Based on CM evaluation results as shown in Figure 3, 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. The BLER performance is provided in Figure 4. The CP-OFDM only can provide a little better performance than DFT-s-OFDM. 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.
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]a)QPSK                                                                       b) 16QAM
[image: ][image: ]Figure 3: CM evaluations for candidate waveforms
a)120KM/H                                                                  b) 280KM/H
Figure 4: BLER performance of candidate waveforms
[bookmark: _Ref521358480]Proposal 2: Both CP-OFDM and DFT-s-OFDM can be supported in NR V2X.
Proposal 3: DFT-s-OFDM shall be applied to sidelink synchronization signals/channels. 
Numerology
SCS
In [2], the sidelink BLER performance with SCS 15KHz, 30KHz and 60KHz under different relative speeds for FR1 were evaluated. Compared with the SCS fixed to 15KHz, larger SCS configuration can achieve:
· Better channel estimation performance 
· Lower transmission latency
· Reducing sensitivity to ICI caused by high speed which can help to utilize high order modulations for NR V2X
· Reducing DMRS overhead
However, the Cyclic Prefix (CP) length would be reduced in proportion to the reduction of the symbol length, it will limit the communication range. The details will be discussed in next subsection.
It is recommended to utilize a fixed SCS on a carrier for NR V2X broadcast. The reason is that if multiple SCS are configured with in a carrier, it may result in multiple Sidelink transmissions with different numerologies overlapping or are adjacent in frequency. That will introduce inter-numerologies interference among different UEs, and increase the UE detection complexity due to multiple SCSs. Nevertheless, the scalable SCS is a better choice for unicast and groupcast. SCS can be adapted to the data transmission, according to carrier frequency and application scenario.
Proposal 4: It is preferred that only one fixed SCS is supported on a carrier in NR V2X broadcast communication, 15KHz, 30KHz and 60KHz SCS all could be the candidates. 
Proposal 5: NR V2X unicast and groupcast communication should support the flexible numerology.
CP length
[bookmark: OLE_LINK7][bookmark: OLE_LINK10]The Delay Spreads (DS) of fast fading channel for different scenarios are calculated in our last contribution [2]. For the V2X broadcast, there is no timing advance signaling to align the timing, so the CP length is closely associated with maximum communication range. Table 1 is the computation results for FR1 and FR2.
Table 1: CP length, DS and communication range 
[image: ]
As shown in table 1, smaller SCS can support larger communication range. On the other hand, smaller SCS means longer duration of OFDM symbol, which is not desirable for low latency service. Therefore, some kinds of tradeoff should be taken into consideration.
In some use cases for advanced driving and extended sensors in TS22.186 [3], the minimum required communication ranges are larger than 700m. 








Table 2: 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


According to table 1 and table 2, only 15KHz SCS with NCP and 60KHz SCS with ECP can satisfy the coverage. If 30KHz SCS is used in NR V2X FR1, and 120KHz SCS is used in FR2, the extended CP lengths need to be studied. It is better to introduce ECP for 30KHz SCS and 120KHz SCS.
Proposal 6: 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 length of 30KHz SCS needs FFS.
· For FR2, 60KHz SCS with ECP is proposed, and the extended CP length of 120KHz SCS needs FFS.
RS design
DMRS
In NR Uu, DMRS for data channel consists of two parts: front-loaded DMRS and additional DMRS. The DMRS pattern is flexible depending on the DL slot format. To cope with 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 have been provided in our last contribution [2]. Three DMRS patterns are respectively configured as 2, 3 and 4 columns in time domain.
It can be observed from the evaluation results 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. 
Proposal 7: If 15KHz SCS is utilized in NR V2X FR1, the DMRS pattern needs to be enhanced in high-speed scenarios.
Proposal 8: For 30KHz SCS, 4 columns DMRS in time domain will be enough for NR V2X FR1.
[bookmark: OLE_LINK14][bookmark: OLE_LINK13]Proposal 9: For 60KHz SCS, 2 columns DMRS in time domain will be enough for NR V2X FR1.
Besides the density of DMRS in time domain, the density in frequency domain also can be considered. In the simulations, comb 2 pattern in frequency domain is used. We suggest that under the premise of acceptable density in time domain, properly reducing the density of DMRS in the frequency domain which needs further evaluation.
Proposal 10: Reduced density of DMRS in the frequency domain can be considered.
Preamble 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-feedbcak. 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, 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.
To solve the above problems, a preamble RS needs to be transmitted before every data transmission or completely independently on PSSCH for the receiving UE to perform CSI acquisition. The preamble RS could also be used for AGC training purpose, channel tracking, and channel estimation. It could also be used for channel clearance detection for LBT. The length of preamble RS could be a few symbols. Figure 5 shows some examples.
[image: ]
a) Only one preamble RS.
[image: ]
b) Two preamble RS.
[image: ]
c)The SCS of preamble RS is different from SA+DATA.
Figure 5: Preamble RS structure
Proposal 11: Introduce a preamble RS for CSI acquisition and AGC tracking before every data transmission.
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 6 [1].
[image: ]          [image: ]
[image: ]          [image: ]
Figure 6: Illustration of the Multiplexing options
For TDM multiplexing of PSCCH and associated PSSCH, where option 1A, 1B and 3 are proposed:
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.
Option 1B&3: Option 1B is actually a special subset of option 3. For option 1B and option 3, the frequency resources used by the two channels can be different, so the problem of blind detection will not exist. TDM can reduce decoding time since the SA can be processed as soon as all the SA symbols are received. However, the resource efficiency of option 1B is low because of those unoccupied RBs, and option 3 only can use CP-OFDM since the PSCCH and associated PSSCH are multiplexing in the same symbol. So option 1B can be used to support for high coverage scenarios, and option 3 can be used to support for high resource efficiency
We should select one appropriate option between the TDM candidates, or NR sidelink should support the  dynamic switching between option 1B and 3 with different waveforms.
Proposal 12: For NR V2X, option 1B and option 3 can be considered.
For FDM multiplexing of PSCCH and associated PSSCH,:
Option 2: 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:  Option 2 only have very little affect 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, and no feedback on these two sidelink channels. For NR V2X unicast and groupcast, an 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 when there is no data transmission from the receiving UE. So an independent feedback channel is a better choice. 
Proposal 13: Introduce an independent HARQ feedback channel for NR V2X.
In NR, PUCCH format 0 and 1 can be used to carry 1 or 2 bits HARQ-ACK transmission. Sidelink feedback channel can be designed based on the PUCCH format 0 and format 1.
PUCCH Format 0:
· Using sequence selection without DMRS, CG sequence
· 1 RB, 1 or 2 symbols
· Different HARQ-ACK states use different cyclic shifts determined from an initial value m0


Figure 7: NR PUCCH format 0
PUCCH Format 1:
· DMRS and UCI symbol interlace among PUCCH duration and starting with DMRS.
· 1 RB, 4~14 symbols
· One UCI modulation symbol is carried on a CG sequence with cyclic shift on each UCI symbol
· [bookmark: _GoBack]BPSK for 1 bit, QPSK for 2 bits
· CG sequence for DMRS
· Time domain OCC is used when there is more than 1 symbols for UCI (or DMRS) within each hop


Figure 8: NR PUCCH format 1
PF 0 is a kind of sequence-based control channel carrying HARQ-ACK feedback. Different HARQ-ACK states use different cyclic shifts determined from an initial value m0. On the premise that the sequences are good enough to be orthogonal, one symbol only can carry at most 6 different states. So two symbols only can carry at most 12 different states. The advantage of this approach is that its feedback latency is low and using less resources.
PF 1 is a kind of channel-based control channel carrying HARQ-ACK feedback. One UCI modulation symbol is carried on a CG sequence with cyclic shift on each UCI symbol. If BPSK is used, the max multiplexing capacity of PF 1 is equal to . Compared to PF 0, PF 1 can carry more different states with occupying more symbols (4~14). This approach also can adopt DFT-s-OFDM to enhance the coverage range. However, feedback latency of PF 1 is larger than PF 0.

Table 3: Max multiplexing capacity
	PUCCH format 
	Length in OFDM symbols 
	Number of RB 
	[bookmark: OLE_LINK21][bookmark: OLE_LINK22]Max multiplexing capacity 
	Number of bits 

	0 
	1 – 2 
	1 
	12 
	≤2 

	1 
	4 – 14 
	1 
	12*length of OCC 
	≤2 


Proposal 14: NR PUCCH Format 0 and PUCCH Format 1 should be considered for the design of physical sidelink feedback channel.
Conclusion
In this contribution, we provide some proposals on the NR V2X physical structure as follow:
Proposal 1: The resource pools with different numerologies should be mapped to different carriers.
Proposal 2: Both CP-OFDM and DFT-s-OFDM can be supported in NR V2X.
Proposal 3: DFT-s-OFDM shall be applied to sidelink synchronization signals/channels.
Proposal 4: It is preferred that only one fixed SCS is supported on a carrier in NR V2X broadcast communication, 15KHz, 30KHz and 60KHz SCS all could be the candidates.
Proposal 5: NR V2X unicast and groupcast communication should support the flexible numerology.
Proposal 6: 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 length of 30KHz SCS needs FFS.
· For FR2, 60KHz SCS with ECP is proposed, and the extended CP length of 120KHz SCS needs FFS.
Proposal 7: If 15KHz SCS is utilized in NR V2X FR1, the DMRS pattern need to be enhanced in high-speed scenarios.
Proposal 8: For 30KHz SCS, 4 columns DMRS in time domain will be enough for NR V2X FR1.
Proposal 9: For 60KHz SCS, 2 columns DMRS in time domain will be enough for NR V2X FR1.
Proposal 10: Reduced density of DMRS in the frequency domain can be considered.
Proposal 11: Introduce a preamble RS for CSI acquisition and AGC tracking before every data transmission.
Proposal 12: For NR V2X, option 1B and option 3 can be considered.
Proposal 13: Introduce an independent HARQ feedback channel for NR V2X.
Proposal 14: NR PUCCH Format 0 and PUCCH Format 1 should be considered for the design of physical sidelink feedback channel.
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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,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 
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15 4.688 1318.2 1100.7 1241.4 1386 1385.7
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