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1 Introduction
At RAN1#94bis, the following agreements were reached:
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
At RAN1#94, the following agreements were reached:
Agreements:
· RS design
· Candidates are:
· DM-RS
· DM-RS defined in Rel-15 NR Uu is the starting point.
……
In this contribution, we provide link-level simulations to study the impact of CP length, DMRS pattern and MIMO mode and waveform for NR V2X.
2 Link-level simulation results 
DMRS pattern
In this section, we study the DMRS density requirement for different subcarrier spacings and UE speeds. As shown in Figure 1, the BLER performance of different DMRS configurations is similar for different subcarrier at low speed. The DMRS configuration 1 in Table 1 is suitable. For medium and high speeds, the DMRS overhead of 60 kHz SCS can be reduced by one symbol or more to get the same performance as with 30 kHz SCS. In addition, there is an error floor for 30 kHz SCS with the maximum DRMS density at the scenario of 500 km/h and 64QAM.
Large subcarrier spacing and additional DMRS symbols can be configured to cope with high Doppler. Compared with 30 kHz SCS, the DMRS overhead of 60 kHz SCS can be reduced, thus increasing link throughput. Consequently, the DMRS density needs to be adapted depending on the service type being delivered and the radio environment. For broadcast services, DMRS symbols should have a fixed, conservative configuration because of the absence of feedback from the receiver. For unicast and groupcast, the transmitting UE (or gNB) can reduce the DMRS density based on CSI and subcarrier spacing.
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[bookmark: _Ref528256903]Figure 1 performance of various DMRS pattern
Observation 1: For a given link performance level, the DMRS density in a slot can be reduced for 
60 kHz compared with 30 kHz.
CP length
Based on discussion in [1] and the analysis in the previous section, the DRMS overhead can be reduced if larger subcarrier spacing is used. In case of low speed scenario, one and two DMRS symbols are used for 60 and 30 kHz SCS, respectively. For high speed scenarios, due to high Doppler two and three DMRS symbols are used for 60 and 30 kHz SCS, respectively. 
As shown in Figure 2, at 300 m, the throughput of 60 kHz SCS is larger than 30 kHz SCS by about 1 Mbps. With increasing speed, the gains of 60 kHz SCS over 30kHz are even higher because of the higher Doppler-induced ICI.
Eventually, with higher distances, the CP length is not enough to compensate for the propagation distance, and ISI is becoming significant, thus reducing the link throughput. For 60 kHz SCS, it becomes necessary to use the extended CP. 
Observation 2: 60 kHz SCS performs well in all speed scenarios. At larger distances, extended CP should be used for 60 kHz SCS.
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[bookmark: _Ref528253376]Figure 2 performance of various CP length with configuration of 2.16MHz
Next, we evaluate the performance of 30 kHz and 60 kHz when attempting to reach extremely high reliabilities (10-5) and low latency. As discussed in Appendix B, there are up to three transmission opportunities for 60 kHz SCS NCP/ECP and two transmission opportunities for 30 kHz SCS within a 3ms latency budget.
Link level simulation results comparing the performance of 60 kHz NCP/ECP and 30 kHz SCS are provided in Figure 3. For the simulation parameters, the lowest MCS (i.e. MCS 0) is assumed for 30 kHz and 60 kHz NCP, higher MCS (QPSK, 0.15 CR) is used for the 60 kHz ECP to achieve the same nominal throughput as with normal CP length. The antenna configuration is 1T2R, and DMRS configuration 2 for low speed and configuration 4 for high speed in Table 1 is chosen. From the results, it can be observed that in order to reach 10-5 residual BLER, the required SNR for 60 kHz NCP and ECP is lower than that for 30 kHz. The reason why 60 kHz significantly outperforms 30 kHz is that more transmission opportunities within 3 ms end-to-end latency are available for a packet transmitted by 60 kHz SCS, and the impact of ISI caused by the propagation delay and channel delay is small for low MCS. 
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[bookmark: _Ref528664417]Figure 3 performance of various numerology
Observation 3: Higher SNR is required for 30 kHz NCP to reach 10-5 residual BLER when compared with 60 kHz ECP to fulfill the 3ms end-to-end latency with low MCS. 
Multiple antenna transmission
Transmit diversity
As agreed in RAN1#94bis, there are two transmitting antennas for 6 GHz in the simulation profile. Transmit diversity such as SFBC, small-delay CDD, precoder cycling can be considered with the configuration.
In Table 1, there are two DMRS ports for SFBC and one DMRS port for small-delay CDD, precoder cycling. Since the CDM group is the starting point of the DMRS pattern, the DMRS overhead is the same for 2 ports DMRS and 1 port DMRS, which is shown in Figure 7. Thus the DMRS overhead of SFBC, small-delay CDD, precoder cycling is the same. Thus this section compares the BLER performance of each technology.
From Figure 4, it can be seen that SFBC has better performance than small-delay CDD and precoder-cycling schemes for various SCS and code rate settings. Figure 4 (a) shows that in the scenario of QPSK modulation, SFBC outperforms small delay CDD and precoder cycling by 2.5 dB and 1.5 dB, respectively, for  BLER, for which the gain has not obviously change with the increasing of speed. At higher speeds, the gain is even higher. Figure 4 (b) shows that even if the modulation order is increasing, the gain of SFBC is still straightforward. With increasing speed, the gain is also increasing. Thus, SFBC can provide better performance due to the higher diversity gain in space domain in different subcarrier spacing.
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[bookmark: _Ref524707196]Figure 4 performance of open-loop MIMO
Observation 4: SFBC has better performance than small delay CDD and precoder cycling.
Closed-loop MIMO
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[bookmark: _Ref528577889]Figure 5  performance of close-loop MIMO with 10 slots feedback period
In addition to reliability, throughput is also an important metric in NR V2X performance evaluation. Thus, in addition to SFBC, we look at the applicability of MIMO, either open-loop or closed-loop, in this section. In our setup, NR type-1 codebook is applied and two data streams are transmitted. For open-loop multi-layer MIMO, the precoder matrix is selected by randomly from NR type-1 codebook. For close-loop multi-layer MIMO, the precoder matrix is selected from NR type-1 codebook based on the PMI index feedback.
Figure 5 illustrates the performance of open and closed-loop MIMO, and SFBC.  It is observed that in the low SNR region, the throughput of SFBC is slightly better than the multi-layer MIMO as the mutual interference between data streams of the latter makes the receiver prone to decoding error. In high SNR region with low speed, the multi-layer MIMO outperforms the SFBC due to the doubled number of transmitted bits and the decoding error of the two data streams is not significantly degraded in high SNR. With the increasing of speed, the throughput gain of multi-layer is reduced. In high SNR region with the speed of 500 km/h, the throughput of SFBC is slightly better than the multi-layer MIMO, because the interference between multi-layers is increasing.
Another observation is that closed-loop MIMO performs the same as open-loop MIMO with two antennas. With four antennas, closed-loop MIMO outperforms open-loop MIMO.
Observation 5:
· Multi-layer MIMO provides significant throughput gains.
· Closed-loop multi-layer MIMO can outperform open-loop multi-layer MIMO
· SFBC has the highest throughput for low SNR.
Waveform
NR uplink channel supports two waveforms DFT-s-OFDM and CP-OFDM, which are also candidates for NR V2X [2]. This section compares performance of the two in 6GHz and 30GHz separately. For 6GHz sidelink frequency, the simulation is based on small-delay CDD with 2T4R. For 30GHz sidelink frequency, the simulation is based on beam forming of NR Uu type1 precoder matrix with 16T16R.
As shown in Figure 6, it can be observed that CP-OFDM outperforms DFT-s-OFDM in FR1 and FR2. With the configuration of low speed, the gain of CP-OFDM is 0~0.5 dB. With the configuration of high speed, the gain of CP-OFDM is expanded to 1~1.5dB. Comparing to CP-OFDM, Frequency selective fading has more impact to DFT-s-OFDM. With the increasing of frequency efficiency, the gain of CP-OFMD is expanded.
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[bookmark: _Ref528258284]Figure 6 DFT-OFDM vs CP-OFDM based on cdl-c, ds=100ns
Observation 6: No significant BLER advantage was observed for DFT-s-OFDM over CP-OFDM.
3 Conclusion
In this contribution, evaluation results of NR V2V links are discussed. Based on the discussion, we propose:
Observation 1: For a given link performance level, the DMRS density in a slot can be reduced for 
60 kHz compared with 30 kHz.
Observation 2: 60 kHz SCS performs well in all speed scenarios. At larger distances, extended CP should be used for 60 kHz SCS.
Observation 3: Higher SNR is required for 30 kHz NCP to reach 10-5 residual BLER when compared with 60 kHz ECP to fulfill the 3ms end-to-end latency with low MCS. 
Observation 4: SFBC has better performance than small delay CDD and precoder cycling.
Observation 5:
· Multi-layer MIMO provides significant throughput gains.
· Closed-loop multi-layer MIMO can outperform open-loop multi-layer MIMO
· SFBC has the highest throughput for low SNR.

Observation 6: No significant BLER advantage was observed for DFT-s-OFDM over CP-OFDM.

References
[1] [bookmark: _Ref518987443]R1-1812206, “Sidelink physical layer structure for NR V2X”, Huawei, HiSilicon, RAN1#95, Spokane, USAm November 2016.
[2] 3GPP TS 36.213 Physical layer procedures
[3] [bookmark: _Ref518987436]3GPP TS 38.211 Sidelink Demodulation reference signals
[4] Chairman's Notes RAN1 94
[5] Chairman's Notes RAN1 94bis
[6] [bookmark: _Ref524361733]TR 22.886, “Study on enhancement of 3GPP Support for 5G V2X Services”
[7] 3GPP TS 38.214: "NR; Physical layer procedures for data"


[bookmark: _Ref524938846]Appendix A Link level simulation assumptions
[bookmark: _Ref521579693]Table 1 Parameter assumption of link level simulation
	Parameter
	Value

	Carrier frequency
	6GHz/30GHz

	Bandwidth
	6RB

	Channel 
	cdl-a, ds=30ns(default configuration if no mark)
cdl-c, ds=100ns

	MCS
	QPSK, code rate-0.117 (MCS 0)
QPSK, code rate-0.3
64QAM, code rate -0.6

	Waveform
	CP-OFDM/DFT-s-OFDM

	Subcarrier Spacing
	15/30/60 kHz

	Symbol number
	12/14

	CP length
	Normal CP
ECP for 60kHz SCS

	Frequency synchronization error
	Not modeled

	Time synchronization error
	Not modeled

	DMRS configuration 1
	DMRS1
DMRS symbol position<#0>

	DMRS configuration 2
	DMRS 1+1
DMRS symbol position <#0, #10>

	DMRS configuration 3
	DMRS 1+2
DMRS symbol position <#0, #5, #10>

	DMRS configuration 4
	DMRS 1+3
DMRS symbol position <#0, #3, #6, #9>

	Antenna array configuration
(M, N, P, Mg, Ng)
	2T (1, 1, 2, 1, 1)4R (1, 2, 2, 1, 1)
16T16R(2, 2, 2, 2, 1)

	Transmission diversity scheme
	small-delay-CDD/SFBC/precoder cycling/ NR Uu type1 precoder matrix

	DMRS port
	SFBC—2ports 
Small-delay-CDD—1port 
Precoder cycling — 1port 
NR Uu type1 precoder matrix—2 ports
The DMRS pattern is based on Figure 7

	Feedback period
	10 slots

	UE receiver algorithm
	MMSE

	Speed
	3/250/500 km/h

	Time delay for small-delay-CDD(SCDD)
	#TX0 0 us, #TX1 0.1 us,
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[bookmark: _Ref528577725]Figure 7 DMRS pattern based on CDM
Appendix B Latency analysis
According to [6], it is noted that 3 ms end-to-end latency with 99.999% reliability of user plane requirement is one critical requirement for some V2X use case, e.g. phase II of Collective perception of environment, and emergency trajectory alignment. We provide analysis based on this requirement.  
Latency of one-way sidelink transmission consists of the factors as shown in Figure 8. The preparation time N2 of transmitting UE, TTI alignment, TTI transmission time, and the processing time N1 of receiving UE, one TTI includes 14 symbols with normal CP length. The preparation time N2 and processing time N1 is heavily UE capability dependent, the capability 2 in [7] is used as a start point for the analysis. Then the maximum transmission times for 30 kHz and 60 kHz within 3ms end-to-end latency can be seen in the Table 2.
[bookmark: _GoBack][image: ]
[bookmark: _Ref528578585]Figure 8 One way latency in sidelink transmission
[bookmark: _Ref525130984][bookmark: _Ref525130978]Table 2 Maximum transmission times within 3ms end-to-end latency
	
	N2 with capability 2
(symbol)
	N1 with capability 1/2
(symbol)
	One way latency
	Maximum transmission times

	30 kHz
	5.5
	[13]
	3 TTI
	2

	60 kHz
	11
	[20]
	4 TTI
	3
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