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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 [2] beyond services supported in LTE Rel-15 V2X. One of the main challenges is the definition of a new NR sidelink.
The following agreements concerning sidelink RS design were made at the last RAN1 NR-AH#1901 [4]:
· 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.
1. Support PT-RS for PSSCH for FR2

So far, in RAN1#95 meeting [3], the following progress was made regarding sidelink waveform:
· 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.
In RAN1 NR-AH#1901, there was no consensus for a step forward on the waveform issue, and it was decided [4] to conclude the discussion in the current RAN1#96 meeting.

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 for PSSCH
On time domain DMRS patterns
NR DM-RS patterns were designed to support a large number of orthogonal ports. For configuration type 1 (resp. configuration type 2), up to 4 (resp. 6) orthogonal ports can be supported by FDM and frequency-domain CDM grouping within a single CP-OFDM symbol. Allowing extra OCC with two adjacent CP-OFDM symbols (double-symbol DM-RS), up to 8 (resp. 12) orthogonal ports can be supported. In sidelink communication, there is not necessary to support such a high number of orthogonal ports, 4/6 ports being enough for SU-MIMO needs. Thus, there is no need to support double-symbol DM-RS with OCC for increasing the number of orthogonal ports.
[bookmark: _Toc1138821][bookmark: _Toc1138962][bookmark: _Toc1139114][bookmark: _Toc1139239][bookmark: _Toc1143170][bookmark: _Toc1143694][bookmark: _Toc1143726][bookmark: _Toc1143778][bookmark: _Toc1145520][bookmark: _Toc1145589]Proposal 1: Support single symbol DMRS for PSSCH. 
[bookmark: _Toc1138963][bookmark: _Toc1139115][bookmark: _Toc1139240][bookmark: _Toc1143171][bookmark: _Toc1143695][bookmark: _Toc1143727][bookmark: _Toc1143779][bookmark: _Toc1145521][bookmark: _Toc1145590]Proposal 2: Do not support double symbol DM-RS for PSSCH.
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.
[bookmark: _Toc1138189][bookmark: _Toc1138271][bookmark: _Toc1138805][bookmark: _Toc1138946][bookmark: _Toc1139098][bookmark: _Toc1139223][bookmark: _Toc1143154][bookmark: _Toc1143678][bookmark: _Toc1143710][bookmark: _Toc1143762][bookmark: _Toc1145504][bookmark: _Toc1145573]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 contributions [9], [6]. 
Figure 2-Figure 9 in Annex B show comparative performance of different DM-RS patterns in terms of FER and spectral efficiency for 16QAM1/2 at different relative speeds (6kmph, 40kmph, 120kmph and 240kmph) at a SCS of 15kHz. We considered a slot containing 12 symbols of PSSCH. Round markers on the spectral efficiency curves indicate the point where FER=10-1 is achieved for every curve. Detailed simulation assumptions are presented in Annex A. Figure 10-Figure 17 and respectively Figure 18-Figure 25 present similar sets of results for SCS=30kHz and SCS=60kHz respectively.
At 15kHz SCS with 16QAM1/2, DMRS pattern with 1 or 2 RS performs better at low to medium speed (up to 40kmph relative speed). At high speed (around 120kmph relative speed) 3RS are needed, while at very high speed (around 240kmph relative speed) 4RS pattern performs best. Each time, the best performing pattern is significantly outperforming the second best performing pattern from a spectral efficiency point of view at least in an SNR range. Similar conclusions can be drawn for higher subcarrier spacings. Although for a given MCS the performance gap is getting smaller when the SCS increases, performance gap is sensitive to MCS variations, and less robust MCS will display higher performance gaps than the ones in the present contribution.
[bookmark: _Toc1143155][bookmark: _Toc1143679][bookmark: _Toc1143711][bookmark: _Toc1143763][bookmark: _Toc1145505][bookmark: _Toc1145574]Observation 2: At a given subcarrier spacing, the performance difference between DMRS patterns with different time domain densities is significant
[bookmark: _Toc1138428][bookmark: _Toc1138820][bookmark: _Toc1138961][bookmark: _Toc1139113][bookmark: _Toc1139238][bookmark: _Toc1143172][bookmark: _Toc1143696][bookmark: _Toc1143728][bookmark: _Toc1143780][bookmark: _Toc1145522][bookmark: _Toc1145591]Proposal 3: For PSSCH, support multiple time-domain DM-RS patterns for each subcarrier spacing and resource pool. 
The number of supported DM-RS time-domain patterns for a given slot lengths should have as a starting point one of the NR eMBB configurations (either type A or type B mapping) with single DM-RS.
	Max number of time-domain DM-RS (NR eMBB)
	Slot length (mapping type A)
	Slot length (mapping type B)

	1
	3-7
	<5

	2
	8-9
	5-7

	3
	10-11
	8-9

	4
	12-14
	10-14



The exact time-domain location of the inserted DM-RS may have to be different from the one in NR. In the case of “option 3” PSSCH/PSCCH multiplexing, where PSCCH is embedded within the PSSCH time/frequency allocation, the front-loaded PSSCH DM-RS should not appear earlier than the first OFDM symbol not containing PSCCH. Further progress on PSCCH structure and multiplexing is needed to determine the possible location of the front-loaded DMRS and the impact on the position of the subsequent ones. For example, if PSCCH can have a variable number of OFDM symbols, PSCCH DM-RS should have as a starting point the patterns of NR with mapping type A and configurable position of the front-loaded DM-RS. Otherwise, a structure similar to mapping type B (possibly with some shift) and fixed DM-RS positions could be adopted.
Also, as seen in Figure 26 and Figure 27, for a given number of DM-RS per slot, the exact position of the DM-RS has a big impact on the channel estimation performance, especially at high speed. The trade-off performance/decoding latency may be differently balanced for V2X.
[bookmark: _Toc1143697][bookmark: _Toc1143729][bookmark: _Toc1143781][bookmark: _Toc1145523][bookmark: _Toc1145592]Proposal 4: For PSSCH DM-RS, support time domain patterns with 1, 2, 3 and 4 DM-RS per slot
· FFS maximum number of DM-RS for each slot length
· FFS exact positions
· FFS potential further restrictions based on SCS and/or MCS. 
On frequency domain DMRS patterns density
The NR DM-RS patterns have different frequency domain densities. Type 1 is denser in the frequency domain, while type 2 relaxes the frequency-domain density to acquire larger multiplexing capacity. The rationale of this double design is the support for multi-user MIMO. In sidelink communications, where there is no need for MU-MIMO multiplexing, there is no need to support both type 1 and type 2 DM-RS. Given the higher overhead of type 1 DM-RS configuration, we have a slight preference for type 2 DM-RS configuration, where the number of maximum orthogonal ports can be reduced by e.g. not using all CDM groups. REs corresponding to CDM groups not used by PSSCH DM-RS should be always used for PSSCH data.
[bookmark: _Toc1138822][bookmark: _Toc1138964][bookmark: _Toc1139116][bookmark: _Toc1139241][bookmark: _Toc1143173][bookmark: _Toc1143698][bookmark: _Toc1143730][bookmark: _Toc1143782][bookmark: _Toc1145524][bookmark: _Toc1145593]Proposal 5: For PSSCH DM-RS frequency domain patterns, support type 2 NR DM-RS frequency domain patterns.
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 [11] (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. 
[bookmark: _Toc1138823][bookmark: _Toc1138965][bookmark: _Toc1139117][bookmark: _Toc1139242][bookmark: _Toc1143174][bookmark: _Toc1143699][bookmark: _Toc1143731][bookmark: _Toc1143783][bookmark: _Toc1145525][bookmark: _Toc1145594]Proposal 6: Consider DMRS frequency-domain RB-combing for frequency-domain reduced density patterns.

On DM-RS signaling
When supporting multiple DM-RS patterns for sidelink transmission, a mechanism allowing Tx and Rx UEs to unambiguously know the used DM-RS pattern is needed. When under coverage and if sidelink communication is scheduled by a gNB, DM-RS pattern may be set and signaled directly by the gNB. Nevertheless, gNB may have limited knowledge about the local communication conditions. When out of coverage (or in-coverage but with limited gNB guidance), the UEs must decide autonomously the best DM-RS pattern to be employed. If needed, gNB may restrict (e.g. via higher layer configuration) the set of DM-RS patterns among which a given UE may choose its optimum pattern.
Each UE has the means of determining the optimum DMRS pattern for a given sidelink transmission. 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), employed MCS, etc. To avoid extra signaling (e.g., UE reports preferred pattern to gNB), it is preferable to let the transmitting UE decide the preferred pattern for PSSCH transmission and signal it through the PSCCH associated to PSSCH transmission.

[bookmark: _Toc1138806][bookmark: _Toc1138947][bookmark: _Toc1139099][bookmark: _Toc1139224][bookmark: _Toc1143156][bookmark: _Toc1143680][bookmark: _Toc1143712][bookmark: _Toc1143764][bookmark: _Toc1145506][bookmark: _Toc1145575]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), employed MCS, etc.
[bookmark: _Toc1138807][bookmark: _Toc1138948][bookmark: _Toc1139100][bookmark: _Toc1139225][bookmark: _Toc1143157][bookmark: _Toc1143681][bookmark: _Toc1143713][bookmark: _Toc1143765][bookmark: _Toc1145507][bookmark: _Toc1145576]Observation 4: If needed, gNB may restrict (e.g. via higher layer configuration) the set of DM-RS patterns among which a given UE may choose its optimum pattern.
[bookmark: _Toc1138824][bookmark: _Toc1138966][bookmark: _Toc1139118][bookmark: _Toc1139243][bookmark: _Toc1143175][bookmark: _Toc1143700][bookmark: _Toc1143732][bookmark: _Toc1143784][bookmark: _Toc1145526][bookmark: _Toc1145595]Proposal 7: UE transmitting PSSCH selects DM-RS pattern and signals it via the PSCCH associated to the PSSCH transmission.

DMRS design for PSCCH
The exact DMRS pattern for PSCCH is highly dependent on PSCCH physical structure (number of symbols, frequency span), which need to be decided before any progress on PSCCH DMRS structure could be made. As a general principle, for PSCCH, throughput is rather low and reliability is the most important criterion. Another aspect is the PSCCH detection complexity, which should not be increased by the DMRS design. From this point of view, at a given time and in a given resource pool/bandwidth part, a fixed DMRS pattern sufficiently dense may be enough for PSCCH.
[bookmark: _Toc1138825][bookmark: _Toc1138967][bookmark: _Toc1139119][bookmark: _Toc1139244][bookmark: _Toc1143176][bookmark: _Toc1143701][bookmark: _Toc1143733][bookmark: _Toc1143785][bookmark: _Toc1145527][bookmark: _Toc1145596]Proposal 8: At a given time and in a given resource pool/bandwidth part, PSCCH DMRS pattern is fixed.

RS for phase/frequency tracking
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 regardless of its source, 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. 
In the last meeting, it was already decided to support PT-RS for PSSCH for FR2. In V2X sidelink communications, where Doppler and CFO drifts may be important and where there is no TRS present, there might a need for an RS (with lower frequency domain density than DMRS) allowing compensating for phase errors even in FR1. The time domain density (and possibly even the presence) of this RS should be dependent on DMRS density.
[bookmark: _Toc1138826][bookmark: _Toc1138968][bookmark: _Toc1139120][bookmark: _Toc1139245][bookmark: _Toc1143177][bookmark: _Toc1143702][bookmark: _Toc1143734][bookmark: _Toc1143786][bookmark: _Toc1145528][bookmark: _Toc1145597]Proposal 9: Consider RS for phase error compensation (e.g. CFO, Doppler) in FR1.

Concerning FR2 PTRS, many characteristics of the current NR PT-RS design may be reused. We propose reusing the following NR PT-RS design for the time-domain sidelink PTRS:
· Support the same variable time-domain densities (LPT-RS=1,2,4) depending on the MCS value
· MCS dependency may be configured or pre-configured with the same default values as for NR
· When LPT-RS>1, reset the time-domain PT-RS pattern depending on DM-RS time-domain positions (symbol(s) after DM-RS do not contain PT-RS)
A single PT-RS port should be associated to all collocated DM-RS ports, since phase noise/CFO/Doppler effects are common to all transmission layers originating from the same panel and there is no need to discriminate between the different transmission layers. 
For the frequency domain pattern, NR supports PT-RS presence in every second or every fourth RB. Frequency domain density depends on the scheduled transmission bandwidth (PT-RS may be off below a configured threshold). In sidelink communications, phase effects (e.g. Doppler, CFO, combined TX/RX phase noise) may be more important than in eMBB. Further investigation is needed to decide whether the NR frequency domain pattern and densities sufficiently compensate phase error effects in sidelink. If multiple frequency domain densities are supported, we should reuse the NR principle of selecting the presence and/or frequency domain PT-RS density depending on transmission bandwidth and based on configurable thresholds.
Another aspect is the exact position of the PT-RS in the frequency domain, which in NR is dependent on the C-RNTI of the device. In sidelink communication, dependency on another type of ID, or even fixed PT-RS frequency domain position should be investigated. 
[bookmark: _Toc1138827][bookmark: _Toc1138969][bookmark: _Toc1139121][bookmark: _Toc1139246][bookmark: _Toc1143178][bookmark: _Toc1143703][bookmark: _Toc1143735][bookmark: _Toc1143787][bookmark: _Toc1145529][bookmark: _Toc1145598]Proposal 10: Sidelink PT-RS time-domain pattern in FR2 reuses the NR PT-RS time-domain pattern and configuration (time-domain densities, MCS dependency, and dependency on time-domain DM-RS positions).
[bookmark: _Toc1138828][bookmark: _Toc1138970][bookmark: _Toc1139122][bookmark: _Toc1139247][bookmark: _Toc1143179][bookmark: _Toc1143704][bookmark: _Toc1143736][bookmark: _Toc1143788][bookmark: _Toc1145530][bookmark: _Toc1145599]Proposal 11: Further investigate if the NR PT-RS frequency-domain densities cope with sidelink V2X phase error effects (including Doppler, CFO, phase noise). 
[bookmark: _Toc1138829][bookmark: _Toc1138971][bookmark: _Toc1139123][bookmark: _Toc1139248][bookmark: _Toc1143180][bookmark: _Toc1143705][bookmark: _Toc1143737][bookmark: _Toc1143789][bookmark: _Toc1145531][bookmark: _Toc1145600]Proposal 12: If multiple sidelink frequency-domain densities are supported, reuse the NR frequency domain PT-RS density selection and configuration mechanism.

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]:
[bookmark: _Toc1138808][bookmark: _Toc1138949][bookmark: _Toc1139101][bookmark: _Toc1139226][bookmark: _Toc1143158][bookmark: _Toc1143682][bookmark: _Toc1143714][bookmark: _Toc1143766][bookmark: _Toc1145508][bookmark: _Toc1145577]Observation 5: NR V2X will cover diverse use cases having different requirements in terms of throughput, coverage, reliability, latency.
[bookmark: _Toc1138809][bookmark: _Toc1138950][bookmark: _Toc1139102][bookmark: _Toc1139227][bookmark: _Toc1143159][bookmark: _Toc1143683][bookmark: _Toc1143715][bookmark: _Toc1143767][bookmark: _Toc1145509][bookmark: _Toc1145578]Observation 6: During NR UL evaluations, DFTsOFDM was reported to bring a gain of around 2dB over OFDM in link budget limited scenarios.
[bookmark: _Toc1138810][bookmark: _Toc1138951][bookmark: _Toc1139103][bookmark: _Toc1139228][bookmark: _Toc1143160][bookmark: _Toc1143684][bookmark: _Toc1143716][bookmark: _Toc1143768][bookmark: _Toc1145510][bookmark: _Toc1145579]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.
[bookmark: _Toc1138811][bookmark: _Toc1138952][bookmark: _Toc1139104][bookmark: _Toc1139229][bookmark: _Toc1143161][bookmark: _Toc1143685][bookmark: _Toc1143717][bookmark: _Toc1143769][bookmark: _Toc1145511][bookmark: _Toc1145580]Observation 8: The performance advantage of CP-OFDM in the absence of a HPA is inferior to the PAPR advantage of DFTsOFDM.
[bookmark: _Toc1138812][bookmark: _Toc1138953][bookmark: _Toc1139105][bookmark: _Toc1139230][bookmark: _Toc1143162][bookmark: _Toc1143686][bookmark: _Toc1143718][bookmark: _Toc1143770][bookmark: _Toc1145512][bookmark: _Toc1145581]Observation 9: DFTsOFDM is more robust to non-linearity.
[bookmark: _Toc1138813][bookmark: _Toc1138954][bookmark: _Toc1139106][bookmark: _Toc1139231][bookmark: _Toc1143163][bookmark: _Toc1143687][bookmark: _Toc1143719][bookmark: _Toc1143771][bookmark: _Toc1145513][bookmark: _Toc1145582]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.
[bookmark: _Toc1138814][bookmark: _Toc1138955][bookmark: _Toc1139107][bookmark: _Toc1139232][bookmark: _Toc1143164][bookmark: _Toc1143688][bookmark: _Toc1143720][bookmark: _Toc1143772][bookmark: _Toc1145514][bookmark: _Toc1145583]Observation 11: CP-OFDM coverage is insufficient with respect to NR V2X requirements expressed in TS 22.186.
[bookmark: _Toc1138815][bookmark: _Toc1138956][bookmark: _Toc1139108][bookmark: _Toc1139233][bookmark: _Toc1143165][bookmark: _Toc1143689][bookmark: _Toc1143721][bookmark: _Toc1143773][bookmark: _Toc1145515][bookmark: _Toc1145584]Observation 12: A 2dB SNR gain ensures significant coverage extension estimated to range between 16.59% and 31.75% for different V2X typical channels.
[bookmark: _Toc1138816][bookmark: _Toc1138957][bookmark: _Toc1139109][bookmark: _Toc1139234][bookmark: _Toc1143166][bookmark: _Toc1143690][bookmark: _Toc1143722][bookmark: _Toc1143774][bookmark: _Toc1145516][bookmark: _Toc1145585]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.
[bookmark: _Toc1138817][bookmark: _Toc1138958][bookmark: _Toc1139110][bookmark: _Toc1139235][bookmark: _Toc1143167][bookmark: _Toc1143691][bookmark: _Toc1143723][bookmark: _Toc1143775][bookmark: _Toc1145517][bookmark: _Toc1145586]Observation 14: Support of DFTsOFDM ensures a unified design between FR1 and FR2.
[bookmark: _Toc1138818][bookmark: _Toc1138959][bookmark: _Toc1139111][bookmark: _Toc1139236][bookmark: _Toc1143168][bookmark: _Toc1143692][bookmark: _Toc1143724][bookmark: _Toc1143776][bookmark: _Toc1145518][bookmark: _Toc1145587]Observation 15: Option 1b and Option 2 are appropriate for PSCCH/PSSCH mux. for DFTsOFDM.
[bookmark: _Toc1138819][bookmark: _Toc1138960][bookmark: _Toc1139112][bookmark: _Toc1139237][bookmark: _Toc1143169][bookmark: _Toc1143693][bookmark: _Toc1143725][bookmark: _Toc1143777][bookmark: _Toc1145519][bookmark: _Toc1145588]Observation 16: Pre-DFT RS insertion for DFTsOFDM offers equivalent channel estimation performance with respect to OFDM-like scattered RS insertion without any PAPR loss.
Given the significant coverage enhancement achieved by DFTsOFDM even in the worst case scenarios, DFTsOFDM should also be supported for NR V2X sidelink.
[bookmark: _Toc1138830][bookmark: _Toc1138972][bookmark: _Toc1139124][bookmark: _Toc1139249][bookmark: _Toc1143181][bookmark: _Toc1143706][bookmark: _Toc1143738][bookmark: _Toc1143790][bookmark: _Toc1145532][bookmark: _Toc1145601]Proposal 13: Support DFTsOFDM for NR V2X sidelink at least in FR2.

Conclusions
Based on the discussion in this contribution, we make the following observations:
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: At a given subcarrier spacing, the performance difference between DMRS patterns with different time domain densities is significant
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), employed MCS, etc.
Observation 4: If needed, gNB may restrict (e.g. via higher layer configuration) the set of DM-RS patterns among which a given UE may choose its optimum pattern.
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.
Observation 15: Option 1b and Option 2 are appropriate for PSCCH/PSSCH mux. for DFTsOFDM.
Observation 16: Pre-DFT RS insertion for DFTsOFDM offers equivalent channel estimation performance with respect to OFDM-like scattered RS insertion without any PAPR loss.

Based on the previous observations we make the following proposals:
Proposal 1: Support single symbol DMRS for PSSCH.
Proposal 2: Do not support double symbol DM-RS for PSSCH.
Proposal 3: For PSSCH, support multiple time-domain DM-RS patterns for each subcarrier spacing and resource pool.
Proposal 4: For PSSCH DM-RS, support time domain patterns with 1, 2, 3 and 4 DM-RS per slot
Proposal 5: For PSSCH DM-RS frequency domain patterns, support type 2 NR DM-RS frequency domain patterns.
Proposal 6: Consider DMRS frequency-domain RB-combing for frequency-domain reduced density patterns.
Proposal 7: UE transmitting PSSCH selects DM-RS pattern and signals it via the PSCCH associated to the PSSCH transmission.
Proposal 8: At a given time and in a given resource pool/bandwidth part, PSCCH DMRS pattern is fixed.
Proposal 9: Consider RS for phase error compensation (e.g. CFO, Doppler) in FR1.
Proposal 10: Sidelink PT-RS time-domain pattern in FR2 reuses the NR PT-RS time-domain pattern and configuration (time-domain densities, MCS dependency, and dependency on time-domain DM-RS positions).
Proposal 11: Further investigate if the NR PT-RS frequency-domain densities cope with sidelink V2X phase error effects (including Doppler, CFO, phase noise).
Proposal 12: If multiple sidelink frequency-domain densities are supported, reuse the NR frequency domain PT-RS density selection and configuration mechanism.
Proposal 13: Support DFTsOFDM for NR V2X sidelink at least in FR2.
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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)

	Speed
	3kmph vs 3kmph (relative speed: 6kmph)
20kmph vs 20kmph (relative speed: 40kmph)
60kmph vs 60kmph (relative speed: 120kmph)
120kmph vs 120kmph (relative speed: 240kmph)

	FEC
	NR LDPC with 50 decoding iterations

	MCS
	16QAM 1/2

	CFO
	0.1ppm at Tx and -0.1ppm at Rx

	HPA
	Polynomial, IBO=-8dB

	Packet size
	1 DMRS: 74 RBs, 2442 bytes
2 DMRS: 81 RBs, 2430 bytes 
3 DMRS: 90 RBs, 2430 bytes
4 DMRS: 101 RBs, 2424 bytes






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.
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[bookmark: _Ref1137648]Figure 2 16QAM1/2 with various DMRS patterns at 3kmph-3kmph, SCS 15kHz: FER
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Figure 3 16QAM1/2 with various DMRS patterns at 3kmph-3kmph, SCS 15kHz: SE
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Figure 4 16QAM1/2 with various DMRS patterns, 20kmph-20kmph, SCS 15kHz: FER
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Figure 5 16QAM1/2 with various DMRS patterns at 20kmph-20kmph, SCS 15kHz: SE
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Figure 6 16QAM1/2 with various DMRS patterns, 60kmph-60kmph, SCS 15kHz: FER
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Figure 7 16QAM1/2 with various DMRS patterns at 60kmph-60kmph, SCS 15kHz: SE
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Figure 8 16QAM1/2 with various DMRS patterns, 120kmph-120kmph, SCS 15kHz: FER
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[bookmark: _Ref1137656]Figure 9 16QAM1/2 with various DMRS patterns, 120kmph-120kmph, SCS 15kHz: SE
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[bookmark: _Ref1137866]Figure 10 16QAM1/2 with various DMRS patterns, 60kmph-60kmph, SCS 30kHz: FER
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Figure 11 16QAM1/2 with various DMRS patterns at 60kmph-60kmph, SCS 30kHz: SE

	[image: ]
Figure 12 16QAM1/2 with various DMRS patterns, 120kmph-120kmph, SCS 30kHz: FER
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Figure 13 16QAM1/2 with various DMRS patterns, 120kmph-120kmph, SCS 30kHz: SE
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Figure 14 16QAM1/2 with various DMRS patterns, 60kmph-60kmph, SCS 30kHz: FER
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Figure 15 16QAM1/2 with various DMRS patterns, 60kmph-60kmph, SCS 30kHz: SE

	[image: ]
Figure 16 16QAM1/2 with various DMRS patterns, 120kmph-120kmph, SCS 30kHz: FER
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[bookmark: _Ref1137875]Figure 17 16QAM1/2 with various DMRS patterns, 120kmph-120kmph, SCS 30kHz: SE
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[bookmark: _Ref1137880]Figure 18 16QAM1/2 with various DMRS patterns, 60kmph-60kmph, SCS 60kHz: FER
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Figure 19 16QAM1/2 with various DMRS patterns at 60kmph-60kmph, SCS 60kHz: SE
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Figure 20 16QAM1/2 with various DMRS patterns, 120kmph-120kmph, SCS 60kHz: FER
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Figure 21 16QAM1/2 with various DMRS patterns, 120kmph-120kmph, SCS 60kHz: SE
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Figure 22 16QAM1/2 with various DMRS patterns, 60kmph-60kmph, SCS 60kHz: FER
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Figure 23 16QAM1/2 with various DMRS patterns, 60kmph-60kmph, SCS 60kHz: SE
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Figure 24 16QAM1/2 with various DMRS patterns, 120kmph-120kmph, SCS 60kHz: FER
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[bookmark: _Ref1137890]Figure 25 16QAM1/2 with various DMRS patterns, 120kmph-120kmph, SCS 60kHz: SE
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[bookmark: _Ref1144092]Figure 26 16QAM1/2 with various DMRS patterns in different positions, 120kmph-120kmph, SCS 15kHz: FER
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[bookmark: _Ref1144094]Figure 27 16QAM1/2 with various DMRS patterns in different positions, 120kmph-120kmph, SCS 15kHz: SE
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