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RAN1 has been discussing the physical structure of the sidelink. The following was agreed at RAN1#94[1]:
· RAN1 to continue study on the physical channel considering at least the following aspects:
· […]
· RS design
· Candidates are:
· DM-RS
· DM-RS defined in Rel-15 NR Uu is the starting point.
· PT-RS
· CSI-RS
· SRS
· AGC training signal
In this contribution, we analyze the RS design options for both PSCCH and PSSCH. 
DMRS 
PSSCH
For LTE V2X, the DMRS has only one fixed configuration. This configuration was designed to cover for the worst case (500 km/h relative speed), and is dense in time, thus resulting in large RS overhead. For NR, high throughput is one of the requirements for some use cases. Consequently, it is desirable to reduce the amount of pilot symbols when possible (e.g., low relative speed for a unicast configuration).  Thus, we suggest to have an adaptive pilot design, where the DMRS configuration is chosen based on the operational constraints (speed, reliability) as well as channel constraints. Figure 1 simulates different DMRS configurations under different speed and MCS. It can be seen that for low speed or low order MCS, a small number of DMRS symbols is enough while for high speed or MCS order, more DMRS symbols needs to be configured.
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Fig. 1 Performance comparison for different DMRS configurations
Proposal 1: For PSSCH, the DMRS density in both time and frequency can be configured according to operating constraints and channel conditions.
For NR Uu, the DMRS can be front-loaded in order to accelerate the decoding process. However, the main drawback of the front-loaded DMRS is that it cannot cope well with high Doppler shifts. Thus additional DMRS symbols are needed, which leads to increased overhead. For example, when the carrier frequency is 6 GHz and the speed is 500 km/h, the Doppler shift is 2.78 kHz and the corresponding coherence time is 0.15 ms. With a 60 kHz SCS, one front-loaded DMRS symbol cannot ensure accurate channel estimation for the whole slot duration. On the other hand, one DMRS symbol is enough for the non-front-loaded DMRS, as shown in Figure 2.
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Fig. 2 Comparison between front-loaded DMRS and non-front-loaded DMRS 
In order to quantify the performance impact of using front-loaded vs. non-front loaded DMRS, we evaluate the performance for these two configurations for 60 kHz subcarrier spacing. For 60 kHz, one DMRS symbol is used. Note that this is a fair comparison, since the pilot density in time is the same for both SCS. Link level simulation results are shown in Figure 3 with the link simulation assumptions of Annex A. It can be seen that when the speed is 500 km/h, non-front-loaded DMRS can achieve better performance than front-loaded DMRS. 
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Fig. 3 Performance comparison for front-loaded DMRS and non-front-loaded DMRS with SCS=60 kHz
Note however that front-loaded DMRS can accelerate the decoding process when PSSCH and PSCCH are TDM-ed. Thus, it can be useful for some multiplexing options of PSSCH and PSCCH. At this stage, we propose to support at least non front-loaded DMRS, and to revisit whether to support front-loaded DMRS when RAN1 makes more progress on PSSCH/PSCCH multiplexing. 
Proposal 2: For PSSCH, at least non-front-loaded DMRS is supported.
We next investigate the impact of DMRS density in time. The subcarrier spacing of the V2X slot should be taken into account since increasing the subcarrier spacing shortens the symbol. For LTE-V2X, it was shown that four vertical DMRS symbols in one slot ensured successful demodulation at high speed, thus one symbol every ¼ ms can be taken as the baseline. This leads to the possible DMRS configurations of Figure 4. The DMRS symbols are located so that they are evenly spaced in the slot.
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Fig. 4 Examples of the maximum number of DMRS symbol for different subcarrier spacing
In NR-V2X, slot format will be quite flexible and PSSCH may contain different number of OFDM symbols. Even for the normal slot format, when PSCCH and PSSCH are multiplexed according to Option 3, the PSSCH part which is TDMed with PSCCH will have fewer than 14 OFDM symbols. Then, the number of DMRS symbols configured for PSSCH should also consider the PSSCH duration. Generally, the UE may receive messages from UEs in different cells. For broadcast traffic, there is no link establishment process. In order to reduce the complexity of receiving more than one broadcast service, a defined configuration of PSSCH DMRS in time domain should be used for the broadcast traffic with respect to the subcarrier spacing and the duration of PSSCH, shown in Fig. 5. For groupcast and unicast, more flexible configurations of DMRS can be supported and the DMRS design of NR PDSCH can be the baseline.
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Fig.5 Pre-defined DMRS configuration of PSSCH in time domain for broadcast
Proposal 3: The DMRS configuration of PSSCH in time domain takes into account the subcarrier spacing and the duration of PSSCH and a pre-defined DMRS configuration for broadcast traffic is supported.
Next, we investigate the pilot density in frequency. For LTE V2X, the DMRS sequence occupies all the REs in the symbol containing DMRS. This leads to a high pilot density in the frequency domain.
For NR Uu, two types of DMRS were defined, and are shown in Figure 6. Type-1 is suitable for highly frequency selective channels, while type-2 is suitable for channels with a larger coherence bandwidth. For broadcast channels, we suggest to use a single type. For this case, Type-1 is preferred since it can handle more severe channel conditions. For communications with feedback from the receiver (unicast or groupcast), we suggest to retain the flexibility of using either Type-1 or Type-2 DMRS, with the transmitting UE choosing the DMRS type according to the radio conditions and/or feedback from the receiving target. Further, the FDM of DMRS and data within a symbol can be supported to increase the spectral efficiency.
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Fig.6 DMRS configuration type in NR-V2X
Proposal 4: For the PSSCH DMRS, the two DMRS configuration types in NR Uu are the baseline
· Type-1 DMRS is used for broadcast
· For unicast/groupcast, Type-1 and Type-2 DMRS can be selected according to the channel conditions
· FDM of DMRS and data within a symbol is supported.
PSCCH
For the DMRS design of PSCCH, the emphasis needs to be on reliability since the NR reliability targets are high and so, similar to NR PDCCH design, the DMRS needs to have a high density in time and frequency. This suggests the DMRS design can use the principles from NR PDCCH.. 
Proposal 5: PSCCH DMRS design is based on the principle of NR PDCCH DMRS design.
PSFCH
The DMRS design of NR PUCCH is quite elaborate and different PUCCH formats have different DMRS configurations.  The PSFCH was introduced to carry the SL feedback information such as ACK/NACK. Functionally, the PSFCH is quite similar to the PUCCH and generally, the design of PSFCH DMRS can be based on that of NR Uu PUCCH. If possible, simplifications and limitations of the number of options should be considered.
Proposal 6: The DMRS design of PSFCH is based on that of NR Uu PUCCH.
Other reference signals 
CSI-RS
For LTE-V2X, neither the base station nor the V2X transmitter has knowledge of the link quality. Thus, while the MCS can be configurable, there is no real link adaptation happening. In order to improve the link efficiency, link adaptation relying on measurements is necessary [2] [4]. 
Thus, SL CSI-RS should be introduced. The CSI-RS design for NR Uu is comprehensive and flexible to serve multiple functionalities such as CSI acquisition, beam management, mobility management and tracking. Therefore, the design of SL CSI-RS can be, in part, based on the CSI-RS for NR Uu. Furthermore, since the entities that transmit SL CSI-RS are UEs with limitations (such as power limitations) that are addressed by the design of SRS, certain features from the SRS design for NR Uu can also be adopted. Some simplifications should be considered. For example, unlike the Uu CSI-RS, the SL CSI-RS may not need to support up to 32 ports. 
For unicast and groupcast, the transmission of SL CSI-RS can be on-demand, and the aperiodic measurement and report of sidelink CSI are needed to enable MCS selection and close-loop MIMO transmission. On the other hand, periodic CSI-RS transmission is also needed to support link maintenance, layer-3 RSRP acquisition, SL power control and so on. Due to the high reliability requirements under high speed scenarios, for better adaptation of DMRS patterns etc., Doppler and delay measurements may also need to be performed and reported as part of CSI. The CSI details for sidelink are discussed in [5].
In NR V2X, the maximum supported speed can be up to 500km/h. Due to the dual mobility, the sidelink channel exhibits high Doppler shift and spread [6]. The impact on channel estimation performance due to Doppler estimation error increases as Doppler spread increases [6] [7]. Given that the sidelink will experience considerably higher Doppler spreads than Uu, the problem is further exacerbated. Therefore, in certain scenarios, the estimation of frequency related parameters including Doppler shift and Doppler spread should be determined by the SL Tracking Reference Signal (TRS). In NR Uu, TRS is configured as a CSI-RS resource set containing four single-port CSI-RS resources, each of which with one antenna port and density of 3 RE/PRB. For SL TRS, the design principle of NR Uu TRS can be the baseline and higher density in time and frequency can be considered.
Proposal 7: Introduce SL CSI-RS, which include TRS
· Both periodic CSI-RS and aperiodic CSI-RS are supported
· The design of SL TRS is based on that of NR Uu TRS and higher density in time and frequency can be considered.
SRS, PT-RS, and AGC  
In addition to DMRS and CSI-RS, some other types of RS such as SRS, PT-RS, and AGC training signal were discussed. For NR Uu, the SRS is mainly used for gNB to estimate the channel from the UE. Thus, SRS seems redundant with a suitably-designed CSI-RS on the sidelink.
PT-RS is used for beamforming, especially for FR2. For the sidelink, a similar phase tracking signal is necessary.
As for AGC training signal, it is not explicitly defined in LTE V2X and the usage of the AGC symbol is left to UE implementation. The first and second symbols of the subframe are identical, with the assumption that the UE will use the first symbol for AGC settings. A similar approach can be used for NR sidelink 
Proposal 8: 
· SL-SRS is not supported
· SL PT-RS is supported.
· Explicit definition of an AGC training signal is not supported.
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[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]This contribution has provided our view on the reference signal design for NR V2X. The following proposals have been made: 
Proposal 1: For PSSCH, the DMRS density in both time and frequency can be configured according to operating constraints and channel conditions.
Proposal 2: For PSSCH, at least non-front-loaded DMRS is supported.
Proposal 3: The DMRS configuration of PSSCH in time domain takes into account the subcarrier spacing and the duration of PSSCH and a pre-defined DMRS configuration for broadcast traffic is supported.
Proposal 4: For the PSSCH DMRS, the two DMRS configuration types in NR Uu are the baseline
· Type-1 DMRS is used for broadcast
· For unicast/groupcast, Type-1 and Type-2 DMRS can be selected according to the channel conditions
· FDM of DMRS and data within a symbol is supported.
Proposal 5: PSCCH DMRS design is based on the principle of NR PDCCH DMRS design.
Proposal 6: The DMRS design of PSFCH is based on that of NR Uu PUCCH.
Proposal 7: Introduce SL CSI-RS, which include TRS
· Both periodic CSI-RS and aperiodic CSI-RS are supported
· The design of SL TRS is based on that of NR Uu TRS and higher density in time and frequency can be considered.
Proposal 8: 
· SL-SRS is not supported
· SL PT-RS is supported.
· Explicit definition of an AGC training signal is not supported.
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Annex A: Simulation setting
Table 1 parameter assumption of link level simulation
	Parameter
	value

	Carrier frequency
	6 GHz

	Bandwidth
	6 RB

	Channel 
	urban-NLOS

	MCS
	QPSK-0.3/64QAM-0.6

	Waveform
	CP-OFDM

	Channel coding
	LDPC

	Transmission scheme
	Small-delay CDD, SFBC

	Subcarrier Spacing
	60 kHz/30 kHz

	DMRS configuration
	Front-loaded configuration: 1 front-loaded symbol with 0/1/2/3 additional symbols;
Non-front-loaded configuration: 1 symbol

	Channel estimation
	practical

	Frequency synchronization error
	0

	Time error
	0

	Antenna configuration
	2T4R

	UE receiver algorithm
	MMSE

	speed
	3/250/500 km/h
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