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[bookmark: _Ref534820708]Introduction
A new study item on NR V2X [1] has been approved at the RAN#80 plenary, which is intended to support advanced V2X services beyond services supported in LTE Rel-15 V2X. The stringent requirements on latency and reliability imposed in TS 22.186 [2] in the context of advanced V2X services require enhancements to the current NR system. One of the main challenges is the definition of a new NR sidelink.

So far, in RAN1#95 meeting [3], the following waveform-related progress was made:
· 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.

Nevertheless, although various proposals have been already made [4], RS design has not been addressed yet, since RS optimal patterns are very dependent on waveform, frame structure, numerology, frequency range or targeted scenario. 
In this contribution, we give our view on sidelink RS design and on sidelink waveform for NR V2X.


Discussion

NR V2X will cover diverse use cases having different requirements in terms of throughput, coverage, reliability, latency. During NR evaluations, various aspects including waveform, numerology, RS patterns or phase error aspects were carefully investigated. Uu link design should be the starting point of sidelink design, with enhancements whenever necessary in order to respond to the specific demands of V2X scenarios.
DMRS design
On variable DMRS patterns
In LTE V2X, a fixed time domain DMRS pattern with 4 DM-RS per subframe was chosen in order to cope with high Doppler in a simple manner. Such a fixed choice, which has the advantage of simplicity, is far from being optimum. In broadcast scenarios, when the broadcasting vehicle has little information about the receiving parties, choosing a dense pattern allows coping with the worst case scenarios. In unicast and/or multicast, on the other hand, being able to choose a convenient configuration significantly reduces the DMRS overhead and improves system throughput. In scenarios like, for example, vehicle platooning, where the relative speed of the communicating parties is low even when the platoon itself is travelling at high speed, and where the amount of information to exchange can be high (like in “see-through” applications, for example), such a fixed dense pattern can be extremely penalizing from a throughput point of view. Fixed less dense patterns cannot conveniently cope with very high speed.
Observation 1: Having a fixed number of DMRS symbols per slot is penalizing from a point of view of flexibility, throughput and overall performance.
When the number of OFDM symbols in the slot is rather large, for a given subcarrier spacing, the performance difference between different DMRS configurations may be significant both in term of FER and in terms of throughput, as we have shown in our previous contribution [7]. 
When the relative speed is low, the channel is quite constant along the OFDM symbols. As depicted in Figure 3, inserting one to two DMRS symbols is enough in order to efficiently estimate the channel Inserting 3 DMRS symbols does no longer improve the channel estimation quality and reveals to be too penalizing in terms of overhead. In addition, the DMRS pattern [4,9] allows for better performance compared with the DMRS pattern [1,7], at the expense of increased latency at the decoder. 
When the relative speed is medium, as seen in Figure 4, the channel estimation gain brought by inserting 3 DMRS does not surpass the throughput loss and the 3 DM-RS pattern leads to  similar performance as the 2 DMRS pattern [4,9]..
For a high relative speed, see Figure 5, there is an important need for an accurate tracking of the channel. This is why 4 DMRS symbols prove to be more efficient than the other patterns, in spite of the large overhead it implies. For low, medium or high SNR values, this pattern offers a significant gain. 
According to these simulation results, the number of DMRS symbols exerts a strong influence on the link-level performance in such a way that a flexible DMRS pattern selection should be considered.

Observation 2: Flexible DMRS patterns with variable number of DMRS symbols per slot should be considered.
For PSCCH, throughput is rather low and reliability is the most important criterion. In such cases, a fixed dense pattern may suffice. For PSSCH, on the other hand, the UE has the means of both determining (based on available information or measurements) and signaling (through the PSCCH associated to the PSSCH transmission) the optimum DMRS pattern.
The optimum configuration may be decided at UE level, since it mostly depends on parameters that the UE either knows or is able of determining with minimum or no network assistance, such as subcarrier spacing, slot length, rough estimation of the relative Doppler shift between communicating vehicles, type of communication (broadcast/multicast/unicast), etc. 
Observation 3: The optimum DMRS configuration may be decided at UE level with minimum or no network assistance, based on a combination of elements such as subcarrier spacing, slot length, rough estimation of the relative Doppler shift between communicating vehicles, type of communication (broadcast/multicast/unicast), etc.
Proposal 1: Support flexible sidelink DMRS design at least for PSSCH. Further study the exact mechanism for determining and signaling the sidelink DMRS pattern.
On DMRS patterns density
NR single symbol DMRS can be used as the starting point for sidelink DMRS design. To support high Doppler, dense time domain configurations are necessary, but care must be taken to the overall DMRS overhead.
For CP-OFDM, DMRS frequency density can be reduced for example by using a RB-combed structure [9] (e.g. every other RB does not contain DMRS, as the example in Figure 1), which is especially interesting for channels with limited frequency selectivity. Another option is to densify the current PTRS design in order to enhance channel estimation. 
Fr DFTsOFDM, two examples on how to increase the time domain density of DMRS patterns without significantly changing the DMRS overhead with respect to a reference NR UL design are presented in Figure 2.
Proposal 2: Consider DMRS designs with increased time domain density and reduced frequency domain density.

On DMRS design for DFTsOFDM
Regarding DFTsOFDM-based design, some concerns were voiced with respect to the possibility of multiplexing data and RS in the same symbol, without sacrificing the PAPR or the channel estimation performance.
The NR PTRS design, where data and RS are multiplexed before the DFT, offers a good starting point. The current PTRS patterns and densities are not fit for channel estimation due to their low density. But a PTRS-like design where a contiguous portion of the pre-DFT space carries RS with sufficient density opens the way to reliable channel estimation [10]. Preliminary results have shown that pre-DFT DMRS insertion with appropriate RS to data ratio yields very good channel estimation performance in a number of different cases [11]. 
It is confirmed in Figure 6 that, for equivalent DMRS density, pre-DFT RS insertion offers equivalent channel estimation performance with respect to OFDM-like scattered RS insertion, performance difference being under 0.05dB at FER target 10-1. Simulations in Figure 6 assume single DFTsOFDM symbol transmission with QPSK 1/3 and a DMRS overhead of 50%. In the case of scattered classical DM-RS insertion, the PAPR property is lost. In the case of pre-DFT RS insertion, the PAPR property is conserved.
Observation 4: Pre-DFT RS insertion for DFTsOFDM offers equivalent channel estimation performance with respect to OFDM-like scattered RS insertion without any PAPR loss.

PTRS design
In NR, PTRS design is targeted for phase error compensation in FR2. PTRS feature in NR Rel.15 is mandatory with UE capability signaling for FR2 and is optional for FR1. PTRS is not only useful for phase noise compensation, but can be used for tracking any phase error, and is particularly efficient for CFO and Doppler estimation. NR V2X should consider the use of PTRS for CFO and Doppler compensation in all frequency ranges. 
Proposal 3: Consider the use of PTRS for CFO and Doppler compensation in all frequency ranges.
NR DMRS design already provides flexible configuration, based on a front-loaded DMRS, but allowing to configure up to 3 additional DMRS per slot, depending on the number of symbols in the slot. Increasing the time domain density of the RS is clearly beneficial for channel estimation, especially at high speed, but is penalizing from a spectral efficiency point of view. In order to preserve the throughput, NR RS design can be enhanced to support, for example, increased time domain density with reduced frequency domain density with respect to the current RS design. The current DMRS and PTRS designs can be used as a starting point for V2X DMRS.
Proposal 4: Use NR DMRS and PTRS design principles as a starting point for sidelink RS design.

Waveform
At the last RAN1#95 it was decided that that a single waveform will be used in all the sidelink channels in a carrier. At least CP-OFDM is supported, and if DFTsOFDM is also supported in the specifications, (pre-)configuration will be used to determine the used waveform is each carrier. 
For NR Uu link, the decision to support DFTsOFDM as a complementary waveform, targeted for coverage extension in link budget limited scenarios, was based on extensive simulation campaigns comparing DFTsOFDM and OFDM, taking into account SNR performance, behavior in the presence of a non-linear HPA, impact of PAPR reduction techniques, throughput, coverage, etc. The conclusions of those evaluations are still valid in a V2X sidelink scenario. Although some of the V2X services are proximity services (e.g. communication within a platoon), many other use cases, such as, e.g., extended sensors or advanced driving, have strict requirements in terms of minimum necessary communication range. 
Extensive simulation results in a NR V2X sidelink context are presented in our companion contribution [12]. We took into account the following aspects, supported by the outcome of our simulation campaign:
· PAPR advantage of DFTsOFDM
· Performance on selective channels
· Performance in the presence of non-linear HPA, jointly considering targeted FER and normative constraints such as EVM and spectrum masks
· Coverage enhancement analysis based on link budget and MCL
· Target of achieving common FR1/FR2 design
· Possible limitations in terms of RS flexibility or channel multiplexing options with DFTsOFDM
The following observations stand, supported by the analysis and simulation results presented in [12]:
Observation 5: NR V2X will cover diverse use cases having different requirements in terms of throughput, coverage, reliability, latency.
Observation 6: During NR UL evaluations, DFTsOFDM was reported to bring a gain of around 2dB over OFDM in link budget limited scenarios.
Observation 7: The PAPR advantage of DFTsOFDM over CP-OFDM is in the order of 2.7dB for QPSK, 2dB for 16QAM and 1.8dB for 64QAM respectively. The PAPR difference between DFTsOFDM with pi/2 BPSK and CP-OFDM with QPSK is around 4dB.
Observation 8: The performance advantage of CP-OFDM in the absence of a HPA is inferior to the PAPR advantage of DFTsOFDM.
Observation 9: DFTsOFDM is more robust to non-linearity.
Observation 10: For single layer transmission, when jointly considering the behavior in the presence of a non-linear HPA, the performance on frequency selective channel and the NR spectral normative constraints, the gain over OFDM is around 2dB.
Observation 11: CP-OFDM coverage is insufficient with respect to NR V2X requirements expressed in TS 22.186.
Observation 12: A 2dB SNR gain ensures significant coverage extension estimated to range between 16.59% and 31.75% for different V2X typical channels.
Observation 13: In a worst case scenario, with QPSK1/2 DFTsOFDM achieves a coverage extension of around 17% over CP-OFDM. Even higher coverage can be achieved with pi/2 BPSK.
Observation 14: Support of DFTsOFDM ensures a unified design between FR1 and FR2.

Given the significant coverage enhancement achieved by DFTsOFDM even in the worst case scenarios, DFTsOFDM should also be supported for NR V2X sidelink.
Proposal 5: Support DFTsOFDM for NR V2X sidelink.

[bookmark: _GoBack]Conclusions
Based on the discussion in this contribution, we make the following observations and proposals regarding RS design:
Observation 1: Having a fixed number of DMRS symbols per slot is penalizing from a point of view of flexibility, throughput and overall performance.
Observation 2: Flexible DMRS patterns with variable number of DMRS symbols per slot should be considered.
Observation 3: The optimum DMRS configuration may be decided at UE level with minimum or no network assistance, based on a combination of elements such as subcarrier spacing, slot length, rough estimation of the relative Doppler shift between communicating vehicles, type of communication (broadcast/multicast/unicast), etc.
Observation 4: Pre-DFT RS insertion for DFTsOFDM offers equivalent channel estimation performance with respect to OFDM-like scattered RS insertion without any PAPR loss.

Proposal 1: Support flexible sidelink DMRS design at least for PSSCH. Further study the exact mechanism for determining and signaling the sidelink DMRS pattern.
Proposal 2: Consider DMRS designs with increased time domain density and reduced frequency domain density.

We also make the following observations and proposals regarding waveform design:
Observation 5: NR V2X will cover diverse use cases having different requirements in terms of throughput, coverage, reliability, latency.
Observation 6: During NR UL evaluations, DFTsOFDM was reported to bring a gain of around 2dB over OFDM in link budget limited scenarios.
Observation 7: The PAPR advantage of DFTsOFDM over CP-OFDM is in the order of 2.7dB for QPSK, 2dB for 16QAM and 1.8dB for 64QAM respectively. The PAPR difference between DFTsOFDM with pi/2 BPSK and CP-OFDM with QPSK is around 4dB.
Observation 8: The performance advantage of CP-OFDM in the absence of a HPA is inferior to the PAPR advantage of DFTsOFDM.
Observation 9: DFTsOFDM is more robust to non-linearity.
Observation 10: For single layer transmission, when jointly considering the behavior in the presence of a non-linear HPA, the performance on frequency selective channel and the NR spectral normative constraints, the gain over OFDM is around 2dB.
Observation 11: CP-OFDM coverage is insufficient with respect to NR V2X requirements expressed in TS 22.186.
Observation 12: A 2dB SNR gain ensures significant coverage extension estimated to range between 16.59% and 31.75% for different V2X typical channels.
Observation 13: In a worst case scenario, with QPSK1/2 DFTsOFDM achieves a coverage extension of around 17% over CP-OFDM. Even higher coverage can be achieved with pi/2 BPSK.
Observation 14: Support of DFTsOFDM ensures a unified design between FR1 and FR2.

Proposal 5: Support DFTsOFDM for NR V2X sidelink.
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Annex A – Simulation assumptions 
Simulations are performed having as baseline the Rel-15 NR PUSCH design with following parameters:
	Carrier frequency 
	5.9GHz

	SCS/BW
	15kHz/50MHz; 30kHz/100MHz; 60kHz/100MHz:; 120kHz/200MHz 

	CP
	Normal

	Channel
	CDL-A-based NLOS 160ns from Table 6.2.3-1, TR 37.885

	DMRS configuration
	NR-like configuration type 1, PUSCH mapping type A (slot size 12), PUSCH mapping type B (slot size 4, 7)

	Speed
	20kmph vs 20kmph (relative speed: 40kmph)
60kmph vs 60kmph (relative speed: 120kmph)
140kmph vs 140kmph (relative speed: 280kmph)

	FEC
	NR LDPC with 50 decoding iterations

	CFO
	0.1ppm at Tx and -0.1ppm at Rx

	HPA
	Polynomial, variable IBO

	Packet size
	200bytes, 400bytes, 800bytes, 1000bytes


The packet size and coding rate are constant; the number of occupied RBs varies with MCS, slot size and DMRS configurations in the limit of the max bandwidth size as follows
Table 1 – Number of occupied RBs
	Slot 
	#DMRS
	MCS
	200bytes
	400bytes 
	600bytes
	800 bytes
	1000 bytes

	4
	1
	QPSK ½ 
	222
	-
	-
	
	-

	
	
	16QAM ½ 
	112
	-
	-
	268
	-

	
	
	16QAM ¾ 
	44
	-
	-
	178
	-

	7
	1
	QPSK ½
	112
	-
	-
	268
	-

	
	
	16QAM ½
	56
	-
	-
	134
	-

	
	
	16QAM ¾
	22
	-
	-
	90
	-

	
	2
	QPSK ½
	134
	268
	-
	-
	-

	
	
	16QAM ½
	68
	134
	-
	-
	-

	
	
	16QAM ¾
	28
	54
	-
	-
	-

	12
	1
	QPSK ½
	62
	122
	-
	-
	-

	
	
	16QAM ½
	30
	62
	-
	-
	-

	
	
	16QAM ¾
	12
	24
	-
	-
	-

	
	2
	QPSK ½
	68
	134
	-
	-
	-

	
	
	16QAM ½
	34
	-
	60
	-
	-

	
	
	16QAM ¾
	14
	-
	40
	-
	-

	
	4
	QPSK ½
	84
	-
	-
	-
	250

	
	
	16QAM ½
	42
	-
	-
	-
	126

	
	
	16QAM ¾
	18
	-
	-
	-
	84



Annex B – Simulation results
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[bookmark: _Ref534820442]Figure 1 – Dense time domain DMRS patterns with frequency domain density reduction for CP-OFDM.
[image: ]
[bookmark: _Ref525835879]Figure 2 – Dense time domain DMRS patterns for DFTsOFDM: reference NR configuration with 28.5% overhead (up), DMRS in every symbol with 33% overhead (middle), DMRS in every other symbol with 21.4% overhead (down).
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Figure 3 16QAM1/2 with various DMRS patterns and 120RBs at 20kmph-20kmph
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Figure 4 16QAM1/2 with various DMRS patterns and 120RBs at 60kmph-60kmph
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Figure 5 16QAM1/2 with various DMRS patterns and 120RBs at 120kmph-120kmph
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[bookmark: _Ref528792408]Figure 6 – 1-symbol DFTsOFDM with scattered DMRS vs pre-DFT DMRS
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