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[bookmark: _Ref513464071]Introduction
In the WG1 #94b meeting, the following were agreed on for the physical later structure and procedures [1].
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

Continue discussion on the waveform 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 present link level simulation results and discuss the DMRS design for NR V2X.

Evaluation Results

In the simulations, the BLER with various MCS levels, number of DMRS symbols, subcarrier spacings, and vehicular speeds are evaluated. Specifically, the following parameters are used:
MCS: MCS1 (QPSK), MCS10 (16QAM), MCS17 (64QAM)
Relative vehicular speed: 3km/h, 120km/h, 280km/h, 500km/h
SCS: 15 kHz, 30 kHz, 60 kHz
The two slot formats with two and four DMRS symbols and the DMRS configurations are shown Figure 2‑1.
[image: ]
(a) Slot formats                         (b) DMRS configuration
[bookmark: _Ref528887996]Figure 2‑1 Evaluated slot formats
The simulation assumptions are given in Table 1 of the Appendix.

Results with 2 Symbol DM-RS
In Figure 2‑2 to Figure 2‑4, BLER results with two DMRS symbols are illustrated. We can see from Figure 2‑2 that with QPSK and 15 kHz SCS, the BLER suffers from an error floor when UE speed is 280 km/h or 500 km/h. When the SCS is increased to 30 kHz, the BLER with 280 km/h is improved significantly while for 500 km/h, 60 kHz SCS is needed. Similar observations are valid for 16QAM as can be seen in Figure 2‑3.
When the MCS level is increased and 64QAM is used, even at 120 km/h, there is about 2 dB degradation at the 10-1 BLER rate. With 30 kHz, on the other hand, the BLER with 280 km/h suffers a 4 dB degradation while the BLER at 500 km/h is almost one.
Observation 1: With two DMRS symbols, the BLER at high speeds and lower MCS levels improves with larger subcarrier spacing.
Observation 2: With two DMRS symbols, for high order modulation such as 64 QAM, there is a BLER degradation even with 60 kHz SCS.
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[bookmark: _Ref528842664]Figure 2‑2 Two symbol DMRS MCS1 (QPSK)
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[bookmark: _Ref528843430]Figure 2‑3 Two symbol DMRS MCS10 (16QAM)
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[bookmark: _Ref528842672]Figure 2‑4 Two symbol DMRS MCS17 (64QAM)

Results with 4 Symbol DM-RS
In Figure 2‑5 to Figure 2‑7 , BLER results with four DMRS symbols are illustrated. We can see from Figure 2‑5 that with QPSK and 15 kHz SCS, the BLER with 500 km/h is substantially worse and for all other cases the BLER at the 10-1 point is very similar. One interesting observation in these results is that, with larger SCS, the performance gets slightly better as the vehicular speed increases. This can be explained by the fact that higher speeds provide more diversity while denser DMRS and higher SCS improve the channel estimation accuracy and limits the inter-carrier interference, respectively. Similar observations are also valid for 16 QAM and 64 QAM as can be seen in Figure 2‑6 and Figure 2‑7, respectively.
Observation 3: With four DMRS symbols, the BLER at high speeds and high MCS levels improves with larger subcarrier spacing.
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[bookmark: _Ref528845104]Figure 2‑5 Four symbol DMRS MCS1 (QPSK)
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[bookmark: _Ref528845735]Figure 2‑6 Four symbol DMRS MCS10 (16QAM)
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[bookmark: _Ref528845107]Figure 2‑7 Four symbol DMRS MCS17 (64QAM)

Discussion
We can see from the simulation results that depending on the UE relative speed and MCS levels, the required DMRS density may be different. For example, two symbol DMRS with large SCS is sufficient for low-to-medium modulation orders while high DMRS density of four symbols is required for high speed and high order modulation. Since increasing the DMRS density reduces spectral efficiency, it is desirable to reduce DMRS density when it is possible. Consequently, it is beneficial to have an adaptive DMRS configuration where the configuration is based on the transmission and traffic parameters.
[bookmark: _GoBack]It can be seen from the results that the BLER performance suffers significantly for 15 kHz SCS as the vehicular speed increases due to the inter-carrier interference high Doppler causes. Although using 60 kHz SCS at all times seems to bring acceptable performance, according to the agreement [1] all three SCS (15 kHz, 30 kHz, 60 kHz) have to be supported for FR1. As larger SCS reduces the OFDM symbol duration, for high delay spread channels, the cyclic prefix overhead may increase, resulting in reduced spectral efficiency. 
Since due to the high inter-carrier interference at lower SCS, new transmission schemes and DMRS design approaches that are robust to high Doppler are needed. As an example, DMRS may need to be transmitted at every OFDM symbol multiplexed with data so that the channel estimate may be used to cancel the ICI using an advanced receiver. 
Observation 4: Adaptive DMRS resource allocation and configuration is beneficial to optimize the trade-off between spectral efficiency and performance.
Observation 5: Robust DMRS design approaches are needed for low SCS and high vehicular speed.

Conclusion
In this contribution, we provided an evaluation of link level BLER results and provided a discussion on DMRS design for NR V2X. The following observations have been made:
Observation 1: With two DMRS symbols, the BLER at high speeds and high MCS levels improves with larger subcarrier spacing.
Observation 2: With two DMRS symbols, for high order modulation such as 64 QAM, there is a BLER degradation even with 60 kHz SCS.
Observation 3: With four DMRS symbols, the BLER at high speeds and high MCS levels improves with larger subcarrier spacing.
Observation 4: Adaptive DMRS resource allocation and configuration is beneficial to optimize the trade-off between spectral efficiency and performance.
Observation 5: Robust DMRS design approaches are needed for low SCS and high vehicular speed.
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Appendix

Table 1 Simulation assumptions
	Parameter
	Value

	Carrier frequency
	6 GHz

	Bandwidth
	6 RB

	Channel 
	CDL 100A

	MCS
	MCS1 (QPSK), MCS10 (16QAM), MCS17 (64QAM)

	Waveform
	CP-OFDM

	Subcarrier Spacing
	15/30/60 kHz

	Slot/DMRS format
	As shown in Figure 2‑1

	CP length
	Normal CP

	Frequency synchronization error
	Not modeled

	Time synchronization error
	Not modeled

	UE relative speed
	3/120/280/500 km/h

	UE receiver algorithm
	MMSE

	Number of Tx/Rx antennas
	2 Tx, 2Rx with fixed precoding
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