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[bookmark: _Ref534820708]Introduction
A study item on NR V2X [1], approved at the RAN#80 plenary and intended to support advanced V2X services [3] beyond services supported in LTE Rel-15 V2X, rendered its conclusions in TR 38.824. A new work item on NR V2X [2] was approved at the RAN#83 plenary to specify radio solutions that are necessary for NR to support advanced V2X services (except the remote driving use case which was studied in TR 38.824) based on the study outcome captured in TR 38.885 .
One of the main challenges is the specification of NR sidelink solutions necessary to support sidelink unicast, sidelink groupcast, and sidelink broadcast for V2X services, considering in-network coverage, out-of-network coverage, and partial network coverage, including support of sidelink signals, channels, bandwidth part, and resource pools [2].
During the study item phase, the following agreements concerning sidelink RS design were made at 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

In the RAN1#96 [5] there was no consensus on a step forward towards a more detailed design and it was discussed that the exact details of the RS design would be agreed during the work item phase.
In this contribution, we give our view on sidelink RS design for NR V2X and on other remaining aspects of sidelink physical layer design. This contribution is revised with new results from R1-1905123 [6].

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, it 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: _Toc1138962][bookmark: _Toc1139114][bookmark: _Toc1139239][bookmark: _Toc1143170][bookmark: _Toc1143694][bookmark: _Toc1143726][bookmark: _Toc1143778][bookmark: _Toc1145520][bookmark: _Toc1145589][bookmark: _Toc4428605][bookmark: _Toc4748200][bookmark: _Toc4763089][bookmark: _Toc4763896][bookmark: _Toc4763987][bookmark: _Toc4772415][bookmark: _Toc4774215][bookmark: _Toc4787713][bookmark: _Toc4788672][bookmark: _Toc4790746][bookmark: _Toc4792134][bookmark: _Toc4797064][bookmark: _Toc5123951][bookmark: _Toc5123982][bookmark: _Toc5124608][bookmark: _Toc1138821][bookmark: _Toc7802933][bookmark: _Toc7804444][bookmark: _Toc7806689]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][bookmark: _Toc4428606][bookmark: _Toc4748201][bookmark: _Toc4763090][bookmark: _Toc4763897][bookmark: _Toc4763988][bookmark: _Toc4772416][bookmark: _Toc4774216][bookmark: _Toc4787714][bookmark: _Toc4788673][bookmark: _Toc4790747][bookmark: _Toc4792135][bookmark: _Toc4797065][bookmark: _Toc5123952][bookmark: _Toc5123983][bookmark: _Toc5124609][bookmark: _Toc7802934][bookmark: _Toc7804445][bookmark: _Toc7806690]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][bookmark: _Toc4428601][bookmark: _Toc4748196][bookmark: _Toc4763085][bookmark: _Toc4763892][bookmark: _Toc4763983][bookmark: _Toc4772410][bookmark: _Toc4774207][bookmark: _Toc4787703][bookmark: _Toc4788659][bookmark: _Toc4790731][bookmark: _Toc4792119][bookmark: _Toc4797048][bookmark: _Toc5123934][bookmark: _Toc5123965][bookmark: _Toc5123996][bookmark: _Toc5124591][bookmark: _Toc7802916][bookmark: _Toc7804426][bookmark: _Toc7806671]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 [7], [8]. 
In our previous contribution [7], we have shown simulation results based on 16QAM1/2. It was proven that, 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 spacing values. Although for a given MCS the performance gap is getting smaller when the SCS increases, the sensitivity of performance gap with respect to MCS variations was not evaluated.
The extensive simulation results in the current contribution rely on 16QAM 3/4 and 64QAM 5/6 with various speeds and subcarrier spacing values. The conclusions in our previous contribution are confirmed, as well as the fact that the performance gap between different RS patterns is dependent on MCS.
[bookmark: _Toc1143155][bookmark: _Toc1143679][bookmark: _Toc1143711][bookmark: _Toc1143763][bookmark: _Toc1145505][bookmark: _Toc1145574][bookmark: _Toc4428602][bookmark: _Toc4748197][bookmark: _Toc4763086][bookmark: _Toc4763893][bookmark: _Toc4763984][bookmark: _Toc4772411][bookmark: _Toc4774208][bookmark: _Toc4787704][bookmark: _Toc4788660][bookmark: _Toc4790732][bookmark: _Toc4792120][bookmark: _Toc4797049][bookmark: _Toc5123935][bookmark: _Toc5123966][bookmark: _Toc5123997][bookmark: _Toc5124592][bookmark: _Toc7802917][bookmark: _Toc7804427][bookmark: _Toc7806672]Observation 2: At a given subcarrier spacing, the performance difference between DMRS patterns with different time domain densities is significant.

Figure 2- Figure 19 in Annex B show comparative performance of different DM-RS patterns in terms of FER and spectral efficiency for 16QAM3/4 and 64QAM5/6 at different relative speeds (40kmph, 120kmph and 240kmph) and different SCS (15kHz, 30kHz, 60kHz). 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 2-Figure 7 in Annex B show comparative performance of different DM-RS patterns in terms of FER and spectral efficiency for 16QAM3/4 and 64QAM5/6 at different relative speeds (40kmph, 120kmph and 240kmph) at a SCS of 15kHz.
The results in Figure 2 and Figure 3 show that for 64QAM 5/6 at 15kHz SCS, the DMRS pattern with 2RS performs significantly better than the DMRS pattern with one single RS even at low to moderate relative speeds of up to 40kmph. 
The results in Figure 4 and Figure 5 show that 64QAM 5/6 at 15kHz SCS does not reach FER=10-1 with less than 3 RS for relative speeds around 120kmph. The 4 RS pattern performs slightly better than the 3 RS pattern. For 16QAM 3/4 at 15kHz SCS, the 4RS pattern performs slightly better than the 3 RRS pattern and significantly better than the 2 RS pattern at relative speed of 120kmph. 
The results in Figure 6 and Figure 7 show that 64QAM 5/6 at 15kHz SCS does not reach FER=10-1 with less than 4 RS for relative speeds of 240kmph or higher. 16QAM 3/4 at 15kHz SCS does not reach FER=10-1 with less than 3 RS for relative speeds of 240kmph or higher. For 16QAM 3/4 at 15kHz SCS, the 4RS pattern performs significantly better than the 3RS pattern at relative speed of 240kmph.
[bookmark: _Toc4788661][bookmark: _Toc4790733][bookmark: _Toc4792121][bookmark: _Toc4797050][bookmark: _Toc5123936][bookmark: _Toc5123967][bookmark: _Toc5123998][bookmark: _Toc5124593][bookmark: _Toc4774210][bookmark: _Toc4787705][bookmark: _Toc7802918][bookmark: _Toc7804428][bookmark: _Toc7806673]Observation 3: For 64QAM 5/6 at 15kHz SCS, the DMRS pattern with 2RS performs significantly better than the DMRS pattern with one single RS even at low to moderate relative speeds of up to 40kmph.
[bookmark: _Toc4790734][bookmark: _Toc4792122][bookmark: _Toc4797051][bookmark: _Toc5123937][bookmark: _Toc5123968][bookmark: _Toc5123999][bookmark: _Toc5124594][bookmark: _Toc7802919][bookmark: _Toc7804429][bookmark: _Toc7806674]Observation 4: For 64QAM 5/6 at 15kHz SCS in the high SNR range, the DMRS pattern with 2RS offers a significantly higher throughput than the DMRS pattern with 4 RS at low to moderate relative speeds of up to 40kmph. 
[bookmark: _Toc4788662][bookmark: _Toc4790735][bookmark: _Toc4792123][bookmark: _Toc4797052][bookmark: _Toc5123938][bookmark: _Toc5123969][bookmark: _Toc5124000][bookmark: _Toc5124595][bookmark: _Toc7802920][bookmark: _Toc7804430][bookmark: _Toc7806675]Observation 5: 64QAM 5/6 at 15kHz SCS does not reach FER=10-1 with less than 3 RS for relative speeds around 120kmph. The 4 RS pattern performs slightly better than the 3 RS pattern.
[bookmark: _Toc4788663][bookmark: _Toc4790736][bookmark: _Toc4792124][bookmark: _Toc4797053][bookmark: _Toc5123939][bookmark: _Toc5123970][bookmark: _Toc5124001][bookmark: _Toc5124596][bookmark: _Toc7802921][bookmark: _Toc7804431][bookmark: _Toc7806676]Observation 6: For 16QAM 3/4 at 15kHz SCS, the 4RS pattern performs slightly better than the 3 RRS pattern and significantly better than the 2 RS pattern at relative speed of 120kmph. 
[bookmark: _Toc4788664][bookmark: _Toc4790737][bookmark: _Toc4792125][bookmark: _Toc4797054][bookmark: _Toc5123940][bookmark: _Toc5123971][bookmark: _Toc5124002][bookmark: _Toc5124597][bookmark: _Toc7802922][bookmark: _Toc7804432][bookmark: _Toc7806677]Observation 7: 64QAM 5/6 at 15kHz SCS does not reach FER=10-1 with less than 4 RS for relative speeds of 240kmph or higher.
[bookmark: _Toc4774211][bookmark: _Toc4787706][bookmark: _Toc4788665][bookmark: _Toc4790738][bookmark: _Toc4792126][bookmark: _Toc4797055][bookmark: _Toc5123941][bookmark: _Toc5123972][bookmark: _Toc5124003][bookmark: _Toc5124598][bookmark: _Toc7802923][bookmark: _Toc7804433][bookmark: _Toc7806678]Observation 8: 16QAM 3/4 at 15kHz SCS does not reach FER=10-1 with less than 3 RS for relative speeds of 240kmph or higher. For 16QAM 3/4 at 15kHz SCS, the 4RS pattern performs significantly better than the 3RS pattern at relative speed of 240kmph. 
Figure 8 to Figure 13 show the same type of evaluation for SCS=30kHz. Although the performance gap between different patterns is a bit lower than for a SCS of 15kHz, we still conclude that there is a significant performance gap between different patterns, and that the best pattern depends on the relative speed between the UEs. More specifically, we draw the following observations:
[bookmark: _Toc4774212][bookmark: _Toc4787707][bookmark: _Toc4788666][bookmark: _Toc4790739][bookmark: _Toc4792127][bookmark: _Toc4797056][bookmark: _Toc5123942][bookmark: _Toc5123973][bookmark: _Toc5124004][bookmark: _Toc5124599][bookmark: _Toc7802924][bookmark: _Toc7804434][bookmark: _Toc7806679]Observation 9: 64QAM 5/6 at 30kHz SCS does not reach FER=10-1 with less than 3 RS for relative speeds of 240kmph or higher.
[bookmark: _Toc4787708][bookmark: _Toc4788667][bookmark: _Toc4790740][bookmark: _Toc4792128][bookmark: _Toc4797057][bookmark: _Toc5123943][bookmark: _Toc5123974][bookmark: _Toc5124005][bookmark: _Toc5124600][bookmark: _Toc7802925][bookmark: _Toc7804435][bookmark: _Toc7806680]Observation 10: 16QAM 3/4 at 30kHz SCS does not reach FER=10-1 with less than 3 RS for relative speeds of 240kmph or higher. For 16QAM 3/4 at 15kHz SCS, the 4RS pattern performs significantly better than the 3RS pattern at relative speed of 240kmph. 
[bookmark: _Toc4790741][bookmark: _Toc4792129][bookmark: _Toc4797058][bookmark: _Toc5123944][bookmark: _Toc5123975][bookmark: _Toc5124006][bookmark: _Toc5124601][bookmark: _Toc7802926][bookmark: _Toc7804436][bookmark: _Toc7806681]Observation 11: For 64QAM 5/6 at 30kHz SCS in the high SNR range, the DMRS pattern with 1 or 2RS offers a significantly higher throughput than the DMRS pattern with 3 or 4 RS at low to moderate relative speeds of up to 40kmph. 
Similar conclusions can be drawn from Figure 14 to Figure 19, representing the same set of simulations at SCS 60kHz. The results in the current contribution and in our previous contribution [7] are summarized in the table here-below

Table 1 – Best DMRS time domain pattern depending on MCS and relative speed
	MCS
	SCS
	Low relative speed (40kmph)
	Medium relative speed (120kmph)
	High relative speed (240kmph)

	
	
	
	
	

	16QAM1/2
	15kHz
	1 or 2
	3
	4

	
	30kHz
	1
	2
	3

	
	60kHz
	1
	1 or 2
	2 or 3

	16QAM 3/4
	15kHz
	1 or 2
	3 or 4
	4

	
	30kHz
	1 or 2
	2 or 3
	3 or 4

	
	60kHz
	1 or 2
	1 or 2
	2 or 3

	64QAM 5/6
	15kHz
	2 or 3
	3 or 4
	4

	
	30kHz
	1 or 2
	2 or 3
	3 or 4

	
	60kHz
	1 or 2
	2 or 3
	3 or 4



Overall, we also draw the following observations based on the performed simulations.
[bookmark: _Toc4772412][bookmark: _Toc4774209][bookmark: _Toc4787709][bookmark: _Toc4788668][bookmark: _Toc4790742][bookmark: _Toc4792130][bookmark: _Toc4797059][bookmark: _Toc5123945][bookmark: _Toc5123976][bookmark: _Toc5124007][bookmark: _Toc5124602][bookmark: _Toc7802927][bookmark: _Toc7804437][bookmark: _Toc7806682]Observation 12: The best time domain DMRS pattern depends on the relative speed between the devices communicating in sidelink.
[bookmark: _Toc4787710][bookmark: _Toc4788669][bookmark: _Toc4790743][bookmark: _Toc4792131][bookmark: _Toc4797060][bookmark: _Toc5123946][bookmark: _Toc5123977][bookmark: _Toc5124008][bookmark: _Toc5124603][bookmark: _Toc7802928][bookmark: _Toc7804438][bookmark: _Toc7806683]Observation 13: The best time domain DMRS pattern for a given relative speed between the devices communicating in sidelink depends on the MCS employed for the sidelink communication.

[bookmark: _Toc1138428][bookmark: _Toc1138820][bookmark: _Toc1138961][bookmark: _Toc1139113][bookmark: _Toc1139238][bookmark: _Toc1143172][bookmark: _Toc1143696][bookmark: _Toc1143728][bookmark: _Toc1143780][bookmark: _Toc1145522][bookmark: _Toc1145591][bookmark: _Toc4428607][bookmark: _Toc4748202][bookmark: _Toc4763091][bookmark: _Toc4763898][bookmark: _Toc4763989][bookmark: _Toc4772417][bookmark: _Toc4774217][bookmark: _Toc4787715][bookmark: _Toc4788674][bookmark: _Toc4790748][bookmark: _Toc4792136][bookmark: _Toc4797066][bookmark: _Toc5123953][bookmark: _Toc5123984][bookmark: _Toc5124610][bookmark: _Toc7802935][bookmark: _Toc7804446][bookmark: _Toc7806691]Proposal 3: For PSSCH, support multiple time-domain DM-RS patterns for each subcarrier spacing / resource pool. Further investigate how to select the pattern (e.g. based on MCS, relative speed, unicast/multicast/broadcast communication, etc)

The number of supported DM-RS time-domain patterns for a given slot length should have as a starting point one of the NR eMBB configurations (based on 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.
[bookmark: _Toc1143697][bookmark: _Toc1143729][bookmark: _Toc1143781][bookmark: _Toc1145523][bookmark: _Toc1145592][bookmark: _Toc4428608][bookmark: _Toc4748203][bookmark: _Toc4763092][bookmark: _Toc4763899][bookmark: _Toc4763990][bookmark: _Toc4772418][bookmark: _Toc4774218][bookmark: _Toc4787716][bookmark: _Toc4788675][bookmark: _Toc4790749][bookmark: _Toc4792137][bookmark: _Toc4797067][bookmark: _Toc5123954][bookmark: _Toc5123985][bookmark: _Toc5124611][bookmark: _Toc7802936][bookmark: _Toc7804447][bookmark: _Toc7806692]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, e.g, SCS and/or MCS. 

In Uu link, the number of DMRS is configured per bandwidth part, with the intention of avoiding any pilot/data contamination in a MU-MIMO scenario. Some concerns were raised with respect to a similar effect for sidelink communication, if several DMRS patterns coexisted in the same resource pool/same subcarrier spacing. When in in-coverage or partial coverage situations, such a scenario does not exist, since the network (or the in-coverage UE) may impose the DMRS pattern to be used. When out of coverage or in unlicensed bands, this situation is naturally avoided, since sidelink transmission only occurs if the channel is assessed as clear for communication (that is, interference level is residual). 
[bookmark: _Toc4797061][bookmark: _Toc5123947][bookmark: _Toc5123978][bookmark: _Toc5124009][bookmark: _Toc5124604][bookmark: _Toc7802929][bookmark: _Toc7804439][bookmark: _Toc7806684]Observation 14: The pilot/data contamination in the case of supporting multiple DMRS patterns for the same SCS/resource pool is naturally avoided by the functioning of the system.
This is confirmed through simulation in Figure 20 and Figure 21, which assess a worst case scenario where data/pilot contamination may occur: we chose fragile MCS (64QAM5/6, 16QAM3/4) for a target UE, and simulated the effect of an interferer in two conditions:
· All RS positions of the interferer are different from the RS positions of the target UE (denoted data contamination on the figure); exact RS pattern configuration is described in Annex A
· The interferer has the same RS time domain pattern as the target UE, its RS are orthogonal and with maximum CS separation with respect to the RS of the target UE
These worst case scenario simulation conditions give the maximum impact of the potential data/pilot contamination issue. The interferer power is variable (expressed by the SIR) and the SNR value is fixed to different values. The FER threshold seen on the figures corresponds to the FER achieved at the given fixed SNR value by the interference free sidelink communication. It can be seen that the general performance behavior in both cases is given by the impact of the interferer upon the data part, and that there is little performance difference linked to the difference of channel estimation performance.
[bookmark: _Toc7804440][bookmark: _Toc7806685]Observation 15: The pilot/data contamination in the case of supporting multiple DMRS patterns for the same SCS/resource pool has negligible performance impact.

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. Type 1 DM-RS configuration have a slightly higher overhead than type 2. Solutions relying on less dense comb structures (e.g. comb 6) exhibit important performance loss with respect to type 1 (comb 2) as it can be seen from and should not be supported. Between type 1 and type 2, we have a slight preference for type 2 DM-RS configuration, because of the slightly lower overhead. 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: _Toc5123948][bookmark: _Toc5123979][bookmark: _Toc5124010][bookmark: _Toc5124605][bookmark: _Toc7802930][bookmark: _Toc7804441][bookmark: _Toc7806686]Observation 16: Comb 6 DM-RS frequency domain pattern performs significantly worse than type 1 (comb 2) DM-RS frequency domain pattern.
[bookmark: _Toc1138822][bookmark: _Toc1138964][bookmark: _Toc1139116][bookmark: _Toc1139241][bookmark: _Toc1143173][bookmark: _Toc1143698][bookmark: _Toc1143730][bookmark: _Toc1143782][bookmark: _Toc1145524][bookmark: _Toc1145593][bookmark: _Toc4428609][bookmark: _Toc4748204][bookmark: _Toc4763093][bookmark: _Toc4763900][bookmark: _Toc4763991][bookmark: _Toc4772419][bookmark: _Toc4774219][bookmark: _Toc4787717][bookmark: _Toc4788676][bookmark: _Toc4790750][bookmark: _Toc4792138][bookmark: _Toc4797068][bookmark: _Toc5123955][bookmark: _Toc5123986][bookmark: _Toc5124612][bookmark: _Toc7802937][bookmark: _Toc7804448][bookmark: _Toc7806693]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 [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. 
[bookmark: _Toc1138823][bookmark: _Toc1138965][bookmark: _Toc1139117][bookmark: _Toc1139242][bookmark: _Toc1143174][bookmark: _Toc1143699][bookmark: _Toc1143731][bookmark: _Toc1143783][bookmark: _Toc1145525][bookmark: _Toc1145594][bookmark: _Toc4428610][bookmark: _Toc4748205][bookmark: _Toc4763094][bookmark: _Toc4763901][bookmark: _Toc4763992][bookmark: _Toc4772420][bookmark: _Toc4774220][bookmark: _Toc4787718][bookmark: _Toc4788677][bookmark: _Toc4790751][bookmark: _Toc4792139][bookmark: _Toc4797069][bookmark: _Toc5123956][bookmark: _Toc5123987][bookmark: _Toc5124613][bookmark: _Toc7802938][bookmark: _Toc7804449][bookmark: _Toc7806694]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][bookmark: _Toc4428603][bookmark: _Toc4748198][bookmark: _Toc4763087][bookmark: _Toc4763894][bookmark: _Toc4763985][bookmark: _Toc4772413][bookmark: _Toc4774213][bookmark: _Toc4787711][bookmark: _Toc4788670][bookmark: _Toc4790744][bookmark: _Toc4792132][bookmark: _Toc4797062][bookmark: _Toc5123949][bookmark: _Toc5123980][bookmark: _Toc5124011][bookmark: _Toc5124606][bookmark: _Toc7802931][bookmark: _Toc7804442][bookmark: _Toc7806687]Observation 17: 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][bookmark: _Toc4428604][bookmark: _Toc4748199][bookmark: _Toc4763088][bookmark: _Toc4763895][bookmark: _Toc4763986][bookmark: _Toc4772414][bookmark: _Toc4774214][bookmark: _Toc4787712][bookmark: _Toc4788671][bookmark: _Toc4790745][bookmark: _Toc4792133][bookmark: _Toc4797063][bookmark: _Toc5123950][bookmark: _Toc5123981][bookmark: _Toc5124012][bookmark: _Toc5124607][bookmark: _Toc7802932][bookmark: _Toc7804443][bookmark: _Toc7806688]Observation 18: 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][bookmark: _Toc4428611][bookmark: _Toc4748206][bookmark: _Toc4763095][bookmark: _Toc4763902][bookmark: _Toc4763993][bookmark: _Toc4772421][bookmark: _Toc4774221][bookmark: _Toc4787719][bookmark: _Toc4788678][bookmark: _Toc4790752][bookmark: _Toc4792140][bookmark: _Toc4797070][bookmark: _Toc5123957][bookmark: _Toc5123988][bookmark: _Toc5124614][bookmark: _Toc7802939][bookmark: _Toc7804450][bookmark: _Toc7806695]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][bookmark: _Toc4428612][bookmark: _Toc4748207][bookmark: _Toc4763096][bookmark: _Toc4763903][bookmark: _Toc4763994][bookmark: _Toc4772422][bookmark: _Toc4774222][bookmark: _Toc4787720][bookmark: _Toc4788679][bookmark: _Toc4790753][bookmark: _Toc4792141][bookmark: _Toc4797071][bookmark: _Toc5123958][bookmark: _Toc5123989][bookmark: _Toc5124615][bookmark: _Toc7802940][bookmark: _Toc7804451][bookmark: _Toc7806696]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][bookmark: _Toc4428613][bookmark: _Toc4748208][bookmark: _Toc4763097][bookmark: _Toc4763904][bookmark: _Toc4763995][bookmark: _Toc4772423][bookmark: _Toc4774223][bookmark: _Toc4787721][bookmark: _Toc4788680][bookmark: _Toc4790754][bookmark: _Toc4792142][bookmark: _Toc4797072][bookmark: _Toc5123959][bookmark: _Toc5123990][bookmark: _Toc5124616][bookmark: _Toc7802941][bookmark: _Toc7804452][bookmark: _Toc7806697]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][bookmark: _Toc4428614][bookmark: _Toc4748209][bookmark: _Toc4763098][bookmark: _Toc4763905][bookmark: _Toc4763996][bookmark: _Toc4772424][bookmark: _Toc4774224][bookmark: _Toc4787722][bookmark: _Toc4788681][bookmark: _Toc4790755][bookmark: _Toc4792143][bookmark: _Toc4797073][bookmark: _Toc5123960][bookmark: _Toc5123991][bookmark: _Toc5124617][bookmark: _Toc7802942][bookmark: _Toc7804453][bookmark: _Toc7806698]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][bookmark: _Toc4428615][bookmark: _Toc4748210][bookmark: _Toc4763099][bookmark: _Toc4763906][bookmark: _Toc4763997][bookmark: _Toc4772425][bookmark: _Toc4774225][bookmark: _Toc4787723][bookmark: _Toc4788682][bookmark: _Toc4790756][bookmark: _Toc4792144][bookmark: _Toc4797074][bookmark: _Toc5123961][bookmark: _Toc5123992][bookmark: _Toc5124618][bookmark: _Toc7802943][bookmark: _Toc7804454][bookmark: _Toc7806699]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][bookmark: _Toc4428616][bookmark: _Toc4748211][bookmark: _Toc4763100][bookmark: _Toc4763907][bookmark: _Toc4763998][bookmark: _Toc4772426][bookmark: _Toc4774226][bookmark: _Toc4787724][bookmark: _Toc4788683][bookmark: _Toc4790757][bookmark: _Toc4792145][bookmark: _Toc4797075][bookmark: _Toc5123962][bookmark: _Toc5123993][bookmark: _Toc5124619][bookmark: _Toc7802944][bookmark: _Toc7804455][bookmark: _Toc7806700]Proposal 12: If multiple sidelink frequency-domain densities are supported, reuse the NR frequency domain PT-RS density selection and configuration mechanism.

PSCCH / PSSCH multiplexing
RAN4 made a consensus on the fact that transient period is needed between continuous ON-power transmissions with power change or RB hopping is applied. RAN4 define transient period as shown in section 6.3.3 in TS38.101-1. Transient period is in the order of 10µs. RAN4 also indicated that:
· Option 1B could result in a different RB configuration (location and/or Size), power spectral density for control than that for data. This could result in a different MPR and AMPR for control and data. Hence, this option needs a transient period. 
· Option 3: This option will not need any transient period. In RAN4, MPR and AMPR should be derived for the entire slot and a single value of MPR/AMPR should be used for the entire slot. 
For option 3, in the case where PSCCH is rank-1 and transmitted from one antenna only, while PSSCH is transmitted from both antennas, the transient period will be needed. It will result in phase discontinuity for PSSCH. In the case where PSCCH and PSSCH are transmitted from same the antennas connectors, there is no need of transient period.
[bookmark: _Toc4797076][bookmark: _Toc5123963][bookmark: _Toc5123994][bookmark: _Toc5124620][bookmark: _Toc7802945][bookmark: _Toc7804456][bookmark: _Toc7806701]Proposal 13: Support Option 3 for PSSCH/PSCCH multiplexing, with PSCCH and PSSCH sent from the same antenna connectors.
[bookmark: _Toc4797077][bookmark: _Toc5123964][bookmark: _Toc5123995][bookmark: _Toc5124621][bookmark: _Toc7802946][bookmark: _Toc7804457][bookmark: _Toc7806702]Proposal 14: Option 1B for PSSCH/PSCCH multiplexing is not supported.

Number of TBs for PSSCH transmission

For Rel.15 NR, the number of codewords per PDSCH assignment per UE is 1 codeword for 1 to 4-layer transmission and 2 codewords for 5 to 8-layer transmission. The number of codewords per PUSCH assignment per UE is 1 codeword for 1 to 4-layer transmission. Thorough evaluation has been performed in Rel.15. Generally, there is little performance difference between simple and double CW to layer mapping [12], and multiple CW has a high signaling cost. 2-to-2 CW to layer mapping mainly has some performance advantage in the case of NC-JT with distributed scheduling (where it can also avoid data sharing between the different TRPs) and/or in the case of high number of layers, where multiple CW achieve better link adaptation results [13]. This is not the case in sidelink, where a single transmission point with limited number of layers is considered. The same principle as in Uu link should be applied.
[bookmark: _Toc7806703]Proposal 15: For PSSCH, only single TB transmission is supported. 



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: For 64QAM 5/6 at 15kHz SCS, the DMRS pattern with 2RS performs significantly better than the DMRS pattern with one single RS even at low to moderate relative speeds of up to 40kmph.
Observation 4: For 64QAM 5/6 at 15kHz SCS in the high SNR range, the DMRS pattern with 2RS offers a significantly higher throughput than the DMRS pattern with 4 RS at low to moderate relative speeds of up to 40kmph.
Observation 5: 64QAM 5/6 at 15kHz SCS does not reach FER=10-1 with less than 3 RS for relative speeds around 120kmph. The 4 RS pattern performs slightly better than the 3 RS pattern.
Observation 6: For 16QAM 3/4 at 15kHz SCS, the 4RS pattern performs slightly better than the 3 RRS pattern and significantly better than the 2 RS pattern at relative speed of 120kmph.
Observation 7: 64QAM 5/6 at 15kHz SCS does not reach FER=10-1 with less than 4 RS for relative speeds of 240kmph or higher.
Observation 8: 16QAM 3/4 at 15kHz SCS does not reach FER=10-1 with less than 3 RS for relative speeds of 240kmph or higher. For 16QAM 3/4 at 15kHz SCS, the 4RS pattern performs significantly better than the 3RS pattern at relative speed of 240kmph.
Observation 9: 64QAM 5/6 at 30kHz SCS does not reach FER=10-1 with less than 3 RS for relative speeds of 240kmph or higher.
Observation 10: 16QAM 3/4 at 30kHz SCS does not reach FER=10-1 with less than 3 RS for relative speeds of 240kmph or higher. For 16QAM 3/4 at 15kHz SCS, the 4RS pattern performs significantly better than the 3RS pattern at relative speed of 240kmph.
Observation 11: For 64QAM 5/6 at 30kHz SCS in the high SNR range, the DMRS pattern with 1 or 2RS offers a significantly higher throughput than the DMRS pattern with 3 or 4 RS at low to moderate relative speeds of up to 40kmph.
Observation 12: The best time domain DMRS pattern depends on the relative speed between the devices communicating in sidelink.
Observation 13: The best time domain DMRS pattern for a given relative speed between the devices communicating in sidelink depends on the MCS employed for the sidelink communication.
Observation 14: The pilot/data contamination in the case of supporting multiple DMRS patterns for the same SCS/resource pool is naturally avoided by the functioning of the system.
Observation 15: The pilot/data contamination in the case of supporting multiple DMRS patterns for the same SCS/resource pool has negligible performance impact.
Observation 16: Comb 6 DM-RS frequency domain pattern performs significantly worse than type 1 (comb 2) DM-RS frequency domain pattern.
Observation 17: 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 18: 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.

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 / resource pool. Further investigate how to select the pattern (e.g. based on MCS, relative speed, unicast/multicast/broadcast communication, etc)
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, e.g, SCS and/or MCS. 
Proposal 5: For PSSCH DM-RS frequency domain patterns, support type 2 NR DM-RS frequency domain patterns.
[bookmark: _GoBack]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 Option 3 for PSSCH/PSCCH multiplexing, with PSCCH and PSSCH sent from the same antenna connectors.
Proposal 14: Option 1B for PSSCH/PSCCH multiplexing is not supported.
Proposal 15: For PSSCH, only single TB transmission is supported.
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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)
1RS: 1 DMRS at position 6
2RS: 2 DMRS at positions 4,9
3RS: 3 DMRS at positions 2,6,10
4RS: 4 DMRS at positions 2,5,8,11

	Speed
	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 3/4, 64QAM 5/6

	CFO
	0.1ppm at Tx and -0.1ppm at Rx

	HPA
	Polynomial, IBO=-8dB

	Packet size
	16QAM: 2400 bytes, 64QAM: 3600 bytes
	
	1 DMRS
	2 DMRS
	3 DMRS
	4 DMRS

	16QAM 3/4
	50RBs
	54RBs
	60RBs
	67RBs

	64QAM 5/6
	44RBs
	48RBs
	54RBs
	60RBs




	RS position for data/pilot contamination performance assessment
		
	Target
	Interferer

	20kmph
	[4,9]
	6

	60kmph
	[2,6,10]
	[4,9]

	120kmph
	[2,5,8,11]
	[1,4,7,10]









Annex B – Simulation results

[image: ]
[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 Various DMRS patterns at 20kmph-20kmph, SCS 15kHz: FER
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[bookmark: _Ref4787949]Figure 3 Various DMRS patterns at 20kmph-20kmph, SCS 15kHz: SE
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[bookmark: _Ref4787974]Figure 4 Various DMRS patterns, 60kmph-60kmph, SCS 15kHz: FER
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[bookmark: _Ref4787977]Figure 5 Various DMRS patterns at 60kmph-60kmph, SCS 15kHz, SCS 15kHz: SE
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[bookmark: _Ref4787995]Figure 6 Various DMRS patterns, 120kmph-120kmph, SCS 15kHz: FER
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[bookmark: _Ref1137656]Figure 7 Various DMRS patterns, 120kmph-120kmph, SCS 15kHz: SE
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[bookmark: _Ref4788005]Figure 8 Various DMRS patterns, 20kmph-20kmph, SCS 30kHz: FER
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[bookmark: _Ref4788008]Figure 9 Various DMRS patterns at 20kmph-20kmph, SCS 30kHz: SE
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[bookmark: _Ref1137866]Figure 10 Various DMRS patterns, 60kmph-60kmph, SCS 30kHz: FER
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[bookmark: _Ref4788014]Figure 11 Various DMRS patterns at 60kmph-60kmph, SCS 30kHz: SE
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[bookmark: _Ref4788061]Figure 12 Various DMRS patterns, 120kmph-120kmph, SCS 30kHz: FER
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[bookmark: _Ref4788063]Figure 13 Various DMRS patterns, 120kmph-120kmph, SCS 30kHz: SE
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[bookmark: _Ref4790870]Figure 14 Various DMRS patterns, 20kmph-20kmph, SCS 60kHz: FER
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[bookmark: _Ref1137875]Figure 15 Various DMRS patterns, 20kmph-20kmph, SCS 60kHz: SE
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[bookmark: _Ref1137880]Figure 16 Various DMRS patterns, 60kmph-60kmph, SCS 60kHz: FER
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Figure 17 Various DMRS patterns at 60kmph-60kmph, SCS 60kHz: SE
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Figure 18 Various DMRS patterns, 120kmph-120kmph, SCS 60kHz: FER
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[bookmark: _Ref4790872]Figure 19 Various DMRS patterns, 120kmph-120kmph, SCS 60kHz: SE
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[bookmark: _Ref7803373]Figure 20 Interferer with same or different RS pattern: 16QAM3/4
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[bookmark: _Ref7803376]Figure 21 Interferer with same or different RS pattern: 64QAM5/6
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Figure 22 Comb 2 vs comb 6, 120kmph-120kmph, SCS 15kHz: FER
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Figure 23 Comb 2 vs comb 6, 120kmph-120kmph, SCS 15kHz: SE
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