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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].

In the RAN1#97 [5] the following working assumption was reached for DM-RS design:
Working assumption:
· [bookmark: _Toc9437800]Rel-15 PDSCH DMRS Configuration type 1 and/or type 2 are reused for frequency-domain pattern of PSSCH DMRS.
· [bookmark: _Toc9437801]FFS whether to support either one or both types
· [bookmark: _Toc9437802]FFS details on multiplexing of different ports for PSSCH DMRS

In the RAN1#98 [6], the following was agreed:
· (Pre-)configuration of one or more PSSCH DMRS pattern(s) in time domain per a resource pool is supported.
· Exact DMRS pattern is indicated by SCI
· FFS details, including whether or not to have the indication bit in case of one (pre)configured DMRS pattern
· For Mode 2, DMRS pattern is chosen by the transmitter UE from the configured patterns for the resource pool.
· FFS: case for Mode 1
· FFS: whether/how to use restrictions for choice of DMRS pattern 
· FFS on details on time-domain pattern
· FFS the number of possible DMRS patterns
· Note: it is not intended to specify DM-RS based resource pool selection 

In the latest RAN1#98b [7], no further agreements on PSSCH DMRS design were reached. PTRS design was discussed over email.
In the past two RAN plenary meetings [8], [9] given the current progress of the work item, the following guidance was endorsed:
In order to expedite the V2X sidelink work, RAN1 is advised to reuse NR Uu design and/or LTE sidelink design to the greatest extent appropriate, unless there are strong reasons to deviate from these.
It is expected that RAN1 will reuse Uu CP-OFDM uplink PT-RS for FR2 sidelink PT-RS; general guidance: RAN1 should complete by Dec. and try to reuse existing functionality.

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 updated content and further simulation results from R1-1910179 [10].

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 for PSSCH
On frequency domain DMRS patterns density 
Considering RAN plenary guidance configuration type 1 and/or type 2 should be reused for frequency-domain pattern of PSSCH DMRS.
For NR Uu link, 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. RS type configuration in Uu link is done per bandwidth part. 
For sidelink, if only one DMRS type was to be supported, we slightly prefer type 2 DMRS configuration since it has a lower overhead than type 1. Having both supported would give some more flexibility.
[bookmark: _Toc20839798][bookmark: _Toc20922570][bookmark: _Toc20922724][bookmark: _Toc20922756][bookmark: _Toc20922788][bookmark: _Toc20922908][bookmark: _Toc20936572][bookmark: _Toc20936659][bookmark: _Toc20936695][bookmark: _Toc21102279][bookmark: _Toc24044335][bookmark: _Toc24044680][bookmark: _Toc24047792][bookmark: _Toc24108895][bookmark: _Toc24112318][bookmark: _Toc24112380]Proposal 1: For PSSCH DM-RS, support both type 1 and type 2 DM-RS at specification level. Only one DM-RS type is used in a resource pool at a given time (e.g., (pre)configurable or implicitly depending on the maximum number of time-domain DM-RS symbols (pre)configured for the given pool)

In sidelink communications, where there is no need for MU-MIMO multiplexing, the large multiplexing capacity is not a performance criterion, hence it is not necessary that a UE uses/reserves all CDM groups. For a given UE, REs corresponding to CDM groups not used by PSSCH DM-RS should be always used for PSSCH data. For single-layer transmission, a UE may autonomously choose which port of a CDM group to use for transmission, and in this case the port must be signaled in the SCI. Otherwise, the port is to be chosen in a deterministic way (e.g. based on source or destination ID) and no further signaling is necessary.
[bookmark: _Toc20922571][bookmark: _Toc20922725][bookmark: _Toc20922757][bookmark: _Toc20922789][bookmark: _Toc20922909][bookmark: _Toc20936573][bookmark: _Toc20936660][bookmark: _Toc20936696][bookmark: _Toc21102280][bookmark: _Toc24044336][bookmark: _Toc24044681][bookmark: _Toc24047793][bookmark: _Toc24108896][bookmark: _Toc24112319][bookmark: _Toc24112381]Proposal 2: For a given UE, REs corresponding to CDM groups not used by PSSCH DM-RS are used for PSSCH data.

Sidelink DMRS overhead control is important, especially in pools where a large maximum number of time-domain DM-RS symbols is pre-configured. 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 [16] (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. 
[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][bookmark: _Toc15058710][bookmark: _Toc15061753][bookmark: _Toc15074119][bookmark: _Toc15078020][bookmark: _Toc16692243][bookmark: _Toc16692447][bookmark: _Toc16693055][bookmark: _Toc20749065][bookmark: _Toc20839799][bookmark: _Toc20922572][bookmark: _Toc20922726][bookmark: _Toc20922758][bookmark: _Toc20922790][bookmark: _Toc20922910][bookmark: _Toc20936574][bookmark: _Toc20936661][bookmark: _Toc20936697][bookmark: _Toc21102281][bookmark: _Toc24044337][bookmark: _Toc24044682][bookmark: _Toc24047794][bookmark: _Toc24108897][bookmark: _Toc24112320][bookmark: _Toc24112382]Proposal 3: Consider DMRS frequency-domain RB-combing for frequency-domain reduced density patterns.

[bookmark: _Ref15072336]Time domain DMRS patterns
As discussed in our previous contributions [10]-[15] and based on the performance analysis in Annex B, the following behavior can be summarized:
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)
	Very high relative speed (500kmph)

	16QAM1/2
	15kHz
	1 or 2
	3
	4
	4 or 6

	
	30kHz
	1
	2
	3
	3 or 4

	
	60kHz
	1
	1 or 2
	2 or 3
	2 or 3

	16QAM 3/4
	15kHz
	1 or 2
	3 or 4
	4 or 6
	6

	
	30kHz
	1 or 2
	2 or 3
	3 or 4
	3 or 4

	
	60kHz
	1 or 2
	1 or 2
	2 or 3
	2 or 3

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

	
	30kHz
	1 or 2
	2 or 3
	3 or 4
	4 or 6

	
	60kHz
	1 or 2
	2 or 3
	3 or 4
	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][bookmark: _Toc15058698][bookmark: _Toc15061741][bookmark: _Toc15074108][bookmark: _Toc15078007][bookmark: _Toc16692232][bookmark: _Toc16692435][bookmark: _Toc16693043][bookmark: _Toc20749053][bookmark: _Toc20839793][bookmark: _Toc20922553][bookmark: _Toc20922707][bookmark: _Toc20922739][bookmark: _Toc20922771][bookmark: _Toc20922891][bookmark: _Toc20936560][bookmark: _Toc20936647][bookmark: _Toc20936683][bookmark: _Toc21102263][bookmark: _Toc24044350][bookmark: _Toc24044695][bookmark: _Toc24047809][bookmark: _Toc24108907][bookmark: _Toc24112332][bookmark: _Toc24112394]Observation 1: 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][bookmark: _Toc15058699][bookmark: _Toc15061742][bookmark: _Toc15074109][bookmark: _Toc15078008][bookmark: _Toc16692233][bookmark: _Toc16692436][bookmark: _Toc16693044][bookmark: _Toc20749054][bookmark: _Toc20839794][bookmark: _Toc20922554][bookmark: _Toc20922708][bookmark: _Toc20922740][bookmark: _Toc20922772][bookmark: _Toc20922892][bookmark: _Toc20936561][bookmark: _Toc20936648][bookmark: _Toc20936684][bookmark: _Toc21102264][bookmark: _Toc24044351][bookmark: _Toc24044696][bookmark: _Toc24047810][bookmark: _Toc24108908][bookmark: _Toc24112333][bookmark: _Toc24112395]Observation 2: 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 3: For high MCS and/or high/very high relative speed, more than 4 DM-RS per slot are required at low SCS.

Number of possible DM-RS patterns
The maximum number of necessary DMRS may be up to 6 but the need of using more than 4 DM-RS is limited to high MCS values and low SCS. In order to enable this possibility without excessively increasing the amount of SCI bits necessary for signaling, DM-RS subset restriction can be pre-configured based on MCS. For example, parameters {MCS_THi, subset_i} are (pre)configured, such as if MCS_THi<=MCS<MCS_TH(i+1) the Tx UE chooses the DM-RS pattern from subset_i. This is similar to Uu link UL PT-RS design, where the PT-RS pattern is chosen from a set of patterns based on RRC indication of MCS and/or allocation size thresholds.
[bookmark: _Toc20936575][bookmark: _Toc20936662][bookmark: _Toc20936698][bookmark: _Toc21102282][bookmark: _Toc24044338][bookmark: _Toc24044683][bookmark: _Toc24047795][bookmark: _Toc24108898][bookmark: _Toc24112321][bookmark: _Toc24112383]Proposal 4: Support (pre)configured DM-RS subset restriction based on MCS (e.g., higher layer configuration of MCS threshold(s))

Number of SCI bits
Based on the previous proposal, the size of subset directly gives the number of SCI bits necessary to signal the exact DM-RS pattern. When each subset consists of a single pattern, there is no need of SCI pattern indication. Only one SCI field length (having one value among 0, 1 or 2 bits) exists per resource pool. This size is implicit from the DM-RS subset size and does not need extra signaling. 

[bookmark: _Toc24047796][bookmark: _Toc24108899][bookmark: _Toc24112322][bookmark: _Toc24112384]Proposal 5: SCI field length for DM-RS signaling takes one value from {0, 1, 2} bits and is fixed per resource pool. 

Pattern choice 
The most reasonable criteria of choice, at least in the case of unicast and multicast transmission, is the relative speed between transmitter and receiver(s). Relative speed information needs not be precise, rough estimation (e.g. low/medium/large relative speed) is enough. In many cases, Doppler information may be available at the transmitter side (e.g. from the channel estimation process) and how to obtain such information may be left to be an implementation matter. Nevertheless, in some other cases (for example when traffic is asymmetric), this information may be absent or unreliable. It is beneficial to be able of having some indication on the rough relative speed estimated at the receiver side. This feedback indication, to be sent e.g. by PC5 RRC, may only be sent upon request, or only sent in certain cases (e.g. when the pattern used by the emitter is inconsistent with the Doppler measurements at the receiver side, when subset is composed of more than X patterns, etc). 

[bookmark: _Toc15078016][bookmark: _Toc16692241][bookmark: _Toc16692445][bookmark: _Toc16693053][bookmark: _Toc20749063][bookmark: _Toc20839800][bookmark: _Toc20922573][bookmark: _Toc20922727][bookmark: _Toc20922759][bookmark: _Toc20922791][bookmark: _Toc20922911][bookmark: _Toc20936577][bookmark: _Toc20936664][bookmark: _Toc20936700][bookmark: _Toc21102284][bookmark: _Toc24044340][bookmark: _Toc24044685][bookmark: _Toc24047797][bookmark: _Toc24108900][bookmark: _Toc24112323][bookmark: _Toc24112385]Proposal 6: Support low-overhead relative speed feedback indication (e.g. through PC5 RRC).
[bookmark: _Toc24047798][bookmark: _Toc24108901][bookmark: _Toc24112324][bookmark: _Toc24112386]Proposal 7: Transmitter UE selects the DM-RS pattern from a subset of patterns, based on relative speed information computed at the Tx UE and/or relative speed feedback from Rx UE.

Pattern choice for Mode 1
gNB has limited knowledge about the local communication conditions on the sidelink between 2 given UEs (link quality, channel state, etc). There is no merit in having the gNB involved in DM-RS pattern scheduling for Mode 1 resource allocation. In order to avoid extra signaling charge, TX UE should autonomously choose the DM-RS pattern from the (pre)configured set, similar to mode 2.
[bookmark: _Toc20936576][bookmark: _Toc20936663][bookmark: _Toc20936699][bookmark: _Toc21102283][bookmark: _Toc24044339][bookmark: _Toc24044684][bookmark: _Toc24047799][bookmark: _Toc24108902][bookmark: _Toc24112325][bookmark: _Toc24112387]Proposal 8: PSSCH DM-RS pattern selection for mode 1 reuses the design of PSSCH DM-RS pattern selection for Mode 2.

Exact time-domain positions
The exact time domain position of the first (or at least the first full) DM-RS symbol depends on decisions taken on PSSCH/PSCCH multiplexing, so exact positions are to be decided once the multiplexing discussion is settled. .As a general principle, in order to optimize behavior at high speed, DM-RS should be regularly distributed within the slot as much as possible, under constraints related to channel multiplexing

RS for phase/frequency tracking

In the last meeting, it was already decided to support PT-RS for PSSCH for FR2. Moreover, the following decision has been reached over email discussion “[98b-NR-11] Email discussion/approval for sidelink PT-RS design”:
· For FR2, 
· Sidelink PT-RS RE patterns are the same as Rel-15 NR Uu 
· Support multiple densities in time and frequency domains, as Uu
· The equivalent of PTRS-UplinkConfig giving the bandwidth and MCS thresholds for setting the densities is (pre-)configured per resource pool
· RE offset is determined based on a (pre-)configured resourceElementOffset value
· RB offset is down-selected in RAN1#99.
· Alt 1. Fixed as 0.
· Alt 2. Determined based on L1 destination ID.
· Alt 3. Determined based on L1 source ID.
· Alt 4. Determined based on CRC of PSCCH.
· Association with one or two of the DMRS port(s) is used, down select in RAN1#99 among:
· Alt 1. The number of PT-RS antenna ports is the same as the number of DMRS antenna ports. 
· Alt 2. The number of PT-RS antenna ports and the association between DM-RS port and PT-RS port are (pre)configured.
· Alt 3. One PT-RS port is supported and the PT-RS port is associated with the lowest DMRS port index.
· Sidelink PT-RS are not mapped to 1st stage SCI REs and SL CSI-RS REs.
· Sidelink PTRS symbols are not mapped to PSSCH symbols carrying PSSCH DMRS.
· The Rx UE does not perform blind de-rate matching of 2nd stage SCI REs
· FFS Details

The above agreement is specifically labelled as FR2. PTRS feature in NR Rel.15 Uu link 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 not restrict the use of PTRS to FR2, and should allow the use of PTRS for CFO and Doppler compensation in all frequency ranges. 

[bookmark: _Toc24112326][bookmark: _Toc24112388]Proposal 9: In FR1, PTRS is supported as an optional feature, with the same design as in FR2. 
· Note: this is the same as Uu link design.

Concerning the remaining open issues, our preference is detailed in the following.

RB offset
We don’t see any important technical difference between different choices for RB offset selection. In NR Uu link, PTRS sequence is derived from DMRS sequence in the first PUSCH OFDM symbol carrying DMRS, sidelink would naturally follow the same principle. Since DMRS sidelink sequence was not decided yet, it is unclear whether the sidelink PTRS randomization is already sufficient as per DM-RS sequence choice (in which case we prefer Alt.1 because of simplicity), or if further randomization is necessary (in which case any Alt 2,3,4 are equivalent).

Port association
NR Uu UL PTRS port association is rather complex, and takes is based on transmission type (full/partially/non-coherent) codebook/non-codebook based, SRI, TPMI, TRI. Such complexity of the configuration is not needed for sidelink. Just as in NR Uu link, 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. 

[bookmark: _Toc24112327][bookmark: _Toc24112389]Proposal 10: For PTRS-DMRS port association, support Alt. 3: One PT-RS port is supported and the PT-RS port is associated with the lowest DMRS port index.

Rate matching of 2nd stage SCI
Our preference is to include MCS in the 1st stage SCI. This is beneficial for both PTRS and DMRS design and does not hinder in any way the principles of having all information related to sensing in the 1st stage SCI. Note that the densest PT-RS pattern for CP-OFDM has an overhead of around 4% and that rate matching around this virtual pattern would lead to unnecessary resource waste when PTRS is absent or when a less dense pattern is used

[bookmark: _Toc24112328][bookmark: _Toc24112390]Proposal 11: Include MCS in the 1st stage SCI.

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][bookmark: _Toc15058717][bookmark: _Toc15061760][bookmark: _Toc15074126][bookmark: _Toc15078027][bookmark: _Toc16692250][bookmark: _Toc16692454][bookmark: _Toc16693063][bookmark: _Toc20749073][bookmark: _Toc20839809][bookmark: _Toc20922582][bookmark: _Toc20922736][bookmark: _Toc20922768][bookmark: _Toc20922800][bookmark: _Toc20922920][bookmark: _Toc20936584][bookmark: _Toc20936671][bookmark: _Toc20936707][bookmark: _Toc21102291][bookmark: _Toc24044347][bookmark: _Toc24044692][bookmark: _Toc24047806][bookmark: _Toc24108904][bookmark: _Toc24112329][bookmark: _Toc24112391]Proposal 12: 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][bookmark: _Toc15058718][bookmark: _Toc15061761][bookmark: _Toc15074127][bookmark: _Toc15078028][bookmark: _Toc16692251][bookmark: _Toc16692455][bookmark: _Toc16693064][bookmark: _Toc20749074][bookmark: _Toc20839810][bookmark: _Toc20922583][bookmark: _Toc20922737][bookmark: _Toc20922769][bookmark: _Toc20922801][bookmark: _Toc20922921][bookmark: _Toc20936585][bookmark: _Toc20936672][bookmark: _Toc20936708][bookmark: _Toc21102292][bookmark: _Toc24044348][bookmark: _Toc24044693][bookmark: _Toc24047807][bookmark: _Toc24108905][bookmark: _Toc24112330][bookmark: _Toc24112392]Proposal 13: 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 [19], 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 [20]. 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][bookmark: _Toc15058719][bookmark: _Toc15061762][bookmark: _Toc15074128][bookmark: _Toc15078029][bookmark: _Toc16692252][bookmark: _Toc16692456][bookmark: _Toc16693065][bookmark: _Toc20749075][bookmark: _Toc20839811][bookmark: _Toc20922584][bookmark: _Toc20922738][bookmark: _Toc20922770][bookmark: _Toc20922802][bookmark: _Toc20922922][bookmark: _Toc20936586][bookmark: _Toc20936673][bookmark: _Toc20936709][bookmark: _Toc21102293][bookmark: _Toc24044349][bookmark: _Toc24044694][bookmark: _Toc24047808][bookmark: _Toc24108906][bookmark: _Toc24112331][bookmark: _Toc24112393]Proposal 14: For PSSCH, only single TB transmission is supported. 


Conclusions
We make the following proposals:
Proposal 1: For PSSCH DM-RS, support both type 1 and type 2 DM-RS at specification level. Only one DM-RS type is used in a resource pool at a given time (e.g., (pre)configurable or implicitly depending on the maximum number of time-domain DM-RS symbols (pre)configured for the given pool)
Proposal 2: For a given UE, REs corresponding to CDM groups not used by PSSCH DM-RS are used for PSSCH data.
Proposal 3: Consider DMRS frequency-domain RB-combing for frequency-domain reduced density patterns.
Proposal 4: Support (pre)configured DM-RS subset restriction based on MCS (e.g., higher layer configuration of MCS threshold(s))
Proposal 5: SCI field length for DM-RS signaling takes one value from {0, 1, 2} bits and is fixed per resource pool.
Proposal 6: Support low-overhead relative speed feedback indication (e.g. through PC5 RRC).
Proposal 7: Transmitter UE selects the DM-RS pattern from a subset of patterns, based on relative speed information computed at the Tx UE and/or relative speed feedback from Rx UE.
Proposal 8: PSSCH DM-RS pattern selection for mode 1 reuses the design of PSSCH DM-RS pattern selection for Mode 2..
Proposal 9: In FR1, PTRS is supported as an optional feature, with the same design as in FR2.
Proposal 10: For PTRS-DMRS port association, support Alt. 3: One PT-RS port is supported and the PT-RS port is associated with the lowest DMRS port index.
Proposal 11: Include MCS in the 1st stage SCI.
Proposal 12: Support Option 3 for PSSCH/PSCCH multiplexing, with PSCCH and PSSCH sent from the same antenna connectors.
Proposal 13: Option 1B for PSSCH/PSCCH multiplexing is not supported.
Proposal 14: For PSSCH, only single TB transmission is supported.

The above proposals are based on the following observations: 
Observation 1: The best time domain DMRS pattern depends on the relative speed between the devices communicating in sidelink.
Observation 2: 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 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.
Observation 8: 64QAM 5/6 at 15kHz SCS does not reach FER=10-1 even for the 6 RS pattern for relative speeds of 500kmph.
Observation 9: 16QAM 3/4 at 15kHz SCS does not reach FER=10-1 with less than 3 RS for relative speeds of 240kmph. For 16QAM 3/4 at 15kHz SCS, the 4RS pattern performs significantly better than the 3RS pattern at relative speed of 240kmph and the 6RS pattern performs significantly better than the 4RS pattern at relative speed of 240kmph.
Observation 10:: 16QAM 3/4 at 15kHz SCS does not reach FER=10-1 with less than 6 RS for relative speeds of 500kmph.
Observation 11: 64QAM 5/6 at 30kHz SCS does not reach FER=10-1 with less than 3 RS for relative speeds of 240kmph.
Observation 12:  64QAM 5/6 at 30kHz SCS does not reach FER=10-1 with less than 4 RS for relative speed of 240kmph.
Observation 13: 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. For 16QAM 3/4 at 15kHz SCS, the 6RS pattern performs slightly better than the 4RS pattern at relative speed of 500kmph in the mid-SNR ranges but it displays a maximum throughput penalty at very high SNR.
[bookmark: _GoBack]Observation 14: 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 15: For 64QAM 5/6 at 30kHz SCS, the DMRS pattern with 6 RS does not offer a higher throughput than the DMRS pattern with 4 RS at relative speed of 500kmph.
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Annex A – Simulation assumptions 
Simulations are performed having as baseline the Rel-15 NR PUSCH design with following parameters (unless explicitly stated otherwise in the figure caption):

	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
6RS: 6 DMRS at positions 1,3,5,7,9,11

	Speed
	20kmph vs 20kmph (relative speed: 40kmph)
60kmph vs 60kmph (relative speed: 120kmph)
120kmph vs 120kmph (relative speed: 240kmph)
250kmph vs 250kmph (relative speed: 500kmph)

	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
	6 DMRS

	16QAM 1/2
	75RBs
	81RBs
	90RBs
	120RBs
	135RBs

	16QAM 3/4
	50RBs
	54RBs
	60RBs
	67RBs
	90RBs

	64QAM 5/6
	44RBs
	48RBs
	54RBs
	60RBs
	80RBs




	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 – Performance analysis of time-domain RS patterns
Figure 2- Figure 19 in Annex C 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, 240kmph and 500kmph) 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 C 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, 240kmph and 500kmph) 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 speed of 240kmph. Moreover, the 6RS pattern offers a higher spectral efficiency while the SNR stands below 6.5dB. 16QAM 3/4 at 15kHz SCS does not reach FER=10-1 with less than 3 RS for relative speeds of 240kmph. For 16QAM 3/4 at 15kHz SCS, the 4RS pattern performs significantly better than the 3RS pattern at relative speed of 240kmph and offers a higher spectral efficiency while the SNR stands below 3.8dB. In addition, the 6RS pattern performs significantly better than the 4RS pattern and offers a higher spectral efficiency while the SNR stands below 1dB. 
The results in Figure 20 and Figure 21show that 64QAM 5/6 at 15kHz SCS does not reach FER=10-1 even with the 6RS pattern for relative speeds around 500kmph. For 16QAM 3/4 at 15kHz SCS, only the 6RS pattern reaches FER=10-1 and provides the highest spectral efficiency at relative speed of 500kmph.
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Figure 8 to Figure 13 and Figure 22 and Figure 23 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:
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Similar conclusions can be drawn from Figure 14 to Figure 19 and Figure 24 and Figure 25, representing the same set of simulations at SCS 60kHz.


Annex C – 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 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: _Ref21096733]Figure 20 Various DMRS patterns, 250kmph-250kmph, SCS 15kHz: FER
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[bookmark: _Ref21096735]Figure 21 Various DMRS patterns, 250kmph-250kmph, SCS 15kHz: SE
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[bookmark: _Ref21098891]Figure 22 Various DMRS patterns, 250kmph-250kmph, SCS 30kHz: FER
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[bookmark: _Ref21098893]Figure 23 Various DMRS patterns, 250kmph-250kmph, SCS 30kHz: SE
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[bookmark: _Ref21099730]Figure 24 Various DMRS patterns, 250kmph-250kmph, SCS 60kHz: FER
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[bookmark: _Ref21099732]Figure 25 Various DMRS patterns, 250kmph-250kmph, SCS 60kHz: SE
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Figure 26 Various DMRS patterns, 250kmph-250kmph, SCS 15kHz: FER
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Figure 27 Various DMRS patterns, 250kmph-250kmph, SCS 15kHz: SE
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Figure 28 Various DMRS patterns, 250kmph-250kmph, SCS 30kHz: FER
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Figure 29 Various DMRS patterns, 250kmph-250kmph, SCS 30kHz: SE
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Figure 30 Various DMRS patterns, 250kmph-250kmph, SCS 60kHz: FER
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Figure 31 Various DMRS patterns, 250kmph-250kmph, SCS 60kHz: SE
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