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1. Introduction
In the previous RAN1-AH meeting, reference signal design was discussed and the following agreements were reached on DMRS for PSSCH [1]. 

Agreements:
· 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.

2. Discussions of DMRS for PSSCH
DMRS patterns in time domain
It was agreed in the previous RAN1 meeting that multiple DMRS patterns in time domain are supported for PSSCH to cope with various mobility scenarios. For example, in the platooning scenario, the radio channel may vary very slowly due to the low relative velocity; meanwhile in some freeway scenario, very high relative velocity e.g. up to 500kmph need to be supported which implies severe channel selectivity in time domain. Thus, support of multiple DMRS patterns in time could balance well the mobility support and resource efficiency improving. Generally, there are two options to support the multiple DMRS patterns in time domain
Option 1: Dynamic indication of DMRS time pattern by SCI.
Option 2: Implicit indication of DMRS time pattern
For option 2, the used DMRS time pattern for PSSCH is implicitly determined by e.g. subcarrier spacing. For example, for PSSCH in FR1, DMRS pattern with four DMRS symbols could be used for SCS of 15kHz and 30kHz (to support potential high mobility), while for SCS of 60kHz, DMRS pattern with two DMRS symbols could be used. In this way, high mobility could be supported well to a large extent meanwhile the resource efficiency is improved (for SCS 60kHz). This option avoids explicit dynamic control signaling. However, the disadvantage of this option is obvious: determination of DMRS time pattern only by SCS restricts resource efficiency improving for the low SCS values. Actually, DMRS time pattern with fewer DMRS symbols (e.g. one or two symbols) could be used for platooning sidelink communications. 
For option 1, the used DMRS time pattern of PSSCH is indicated explicitly by the associated PSCCH. This option is flexible enough to adapt to various usage scenarios with different SCS values. The cost of this option, i.e. the dynamic control signaling overhead, seems acceptable considering that only one bit may be sufficient to indicate the DMRS time pattern with high or low density in time (e.g. one with four DMRS symbols, and the other with two DMRS symbols for the PSSCH spanning the whole slot). 
Additionally, the support of single or multiple DMRS time patterns could be (pre)configured per resource pool. If the multiple DMRS time patterns are supported for the resource pool, the dynamic indication of DMRS time pattern by SCI as discussed above could be used. Otherwise, the DMRS time pattern is fixed as per (pre)configurations of the resource pool and in this case the dynamic control signaling for DMRS time pattern is not needed. 
Proposal 1: Support of single or multiple DMRS time patterns per resource pool could be considered. 
Proposal 2: TX UE indicates the used DMRS time pattern for PSSCH to the RX UE through PSCCH/SCI.
Regarding the mapping of PSSCH DMRS in time domain, it may be beneficial to define common PSSCH DMRS time patterns whose position does not depend on the presence and size of PSCCH. Figure 1 shows an example of the PSSCH DMRS time patterns with high and low density. Here the DMRS time pattern with high density is similar to that used in LTE V2X sidelink and Rel-15 NR Uu PDSCH/PUSCH DMRS pattern (with mapping type A with l0=2). For the common PSSCH DMRS time pattern, there is an issue that the first DMRS symbol may be overlapped with the PSCCH (with multiplexing option 3). If the PSSCH DMRS overlapped with PSCCH is punctured (i.e. not transmitted), there are some potential problems including: 1) channel estimation performance may be impacted for the PSSCH part TDMed with PSCCH if PSCCH DMRS could not be used for PSSCH detection; 2) sidelink measurement may be impacted e.g. PSSCH-RSRP and S-RSSI (if based on DMRS); 3) synchronization refinement based on DMRS may be impacted (e.g. to correct frequency offset between TX and RX which are synchronized to different gNBs). Motivated by these considerations, it could be considered that the PSCCH are mapped around the PSSCH DMRS as shown in Figure 2. 
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Figure 1: Illustration of PSSCH DMRS time patterns (left: high density; right: low density)
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Figure 2: Illustration of PSSCH DMRS time patterns with PSCCH (left: high density; right: low density)

DMRS patterns in frequency domain
In RAN1-94 meeting, it was agreed that DMRS defined in Rel-15 NR Uu is the starting point for NR sidelink DMRS design. In Rel-15 NR Uu, there are two types of DMRS configurations defined for NR PUSCH and PDSCH, i.e. type-1 and type-2 DMRS configurations. These two types of DMRS begin with front-loaded one (or two) DM-RS symbols optionally followed by at most three additional DMRS symbols (pairs) as per configurations. Figure 3 shows an example of the two DMRS configuration types in type A PDSCH/PUSCH mapping. 


                    
Figure 3: Example of type-1(left) and type-2(right) DM-RS configurations (assumed single-symbol front-loaded with three additional DM-RS symbols configured)
[bookmark: _GoBack]In comparison with type-1 DMRS, type-2 DMRS configurations can support more antenna ports at the cost of fewer DMRS REs per port per PRB. For type-2 DRMS configuration, the DMRS frequency spacing of 6 subcarriers (or 5 subcarriers depending on the layer number) implies relatively large DMRS frequency spacing especially for large SCS (e.g. with SCS of 60kHz and 120kHz, the DMRS frequency spacing could be up to 360kHz and 720kHz, respectively), which may impose severe challenges on the accurate channel estimation especially for the channels/scenarios with relatively large channel delay potentially together with some propagation delays and/or residual timing offsets. Additionally, enough DMRS elements are needed to enable sufficient performance in the low SNR regime. This can only be ensured with sufficient number of DMRS REs per PRB. Motivated by these considerations, type-1 DMRS structure is slightly preferred as PSSCH DMRS structure in frequency domain. 
Proposal 3: For PSSCH DMRS pattern in frequency domain, Rel-15 NR Uu type-1 DMRS configuration could be used. 
If the NR Uu type-1 DMRS configuration is used for the PSSCH, there are totally four antenna ports that can be used (single DMRS symbol configuration assumed), including two antenna ports for each of the two CDM groups. The four antenna ports could be used to support single user spatial multiplexing with four data layers. For high reliability of the data transmission, relatively low spatial multiplexing order may be more appropriate e.g. at most two data layers per UE. In this case, how to utilize the two CDM groups of DMRS for PSSCH transmission shall be considered carefully. There are two options to utilize the two CDM groups of DMRS, as follows
Option 1: one CDM group used for DMRS, the other CDM group mapped with data
Option 2: one CDM group used for DMRS, the other CDM group unused
The motivation of option 2 is to deal with the potential collision interference for PSSCH transmissions. For example, in the channel sensing based UE-autonomous resource selection, the transmitter (say UE1) may have to select the resource that are (partially) collided with another transmitter (say UE2). In this case, UE1 could select the CDM group of DMRS that are not used by UE2 and indicate this information in PSCCH/SCI to the receivers. The orthogonal DMRS used by the colliding UEs is beneficial for interference suppression. Additional benefit of option 2 against option 1 is the better channel estimation performance due to the 3-dB power boosting for DMRS resource elements. These advantages of option 2 are achieved at the cost of slightly larger channel coding rate for PSSCH compared with option 1. But the increase of the channel coding rate is generally limited especially for low density DMRS in time. Motivated by the above considerations, we prefer to the option 2 for the DMRS patterns in frequency, or adaptively utilize option 1 or option 2 e.g. option 1 is used in noise-limited scenario (e.g. CBR is low than a threshold) and option 2 is used in interference-limited scenario.
Figure 4 shows some link level simulation results for the interference-limited scenario. In the simulations, the useful signal collides with one interference signal. Both useful and interference signals have one data layer and use the type-1 DM-RS configuration with same or different CDM groups (i.e. the Comb offset shown in the figure). The useful signal and interference signal use different base DMRS sequences. From the simulation results, we can get the following observations.
Observation 1: In case of interference-limited scenarios, orthogonal DMRS patterns used by the colliding UEs can greatly improve the capability for interference suppression.
Proposal 4: Support multiple orthogonal DMRS patterns in frequency to suppress the potential colliding interference. 
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(a) QPSK, 1/2-LDPC                                                   (b) 16QAM, 1/2-LDPC
Figure 4: Evaluation results in interference-limited scenarios with different DM-RS usage


Potential usage of DMRS in sidelink measurement

In resource allocation mode 2, the UE may make the autonomous resource selection based on the channel sensing results. Channel sensing procedure generally include at least two operations: 1) decode PSCCH and then measure RSRP based on which some resources may be excluded; 2) measure the received sidelink signal energy i.e. S-RSSI and select the resource from the candidate resource set with weakest S-RSSI values. The operation of S-RSSI is needed considering the potential scenario e.g. some PSCCH/PSSCH may not be decoded due to severe collisions of multiple UEs. 

The S-RSSI measurement procedure defined in LTE-V2X Rel-14/15 could work well with the periodic V2X traffic. However, in NR V2X more diverse traffic types will be supported including the periodic and aperiodic packets and the periodic and aperiodic packets may coexist in the same resource pool for high resource efficiency. It is envisioned that the presence of aperiodic packets in the sensing window may cause serious disturbance to the S-RSSI measurement and make the S-RSSI less reliable as reference for resource selection. Motivated by this observation, it is considered that the S-RSSI measurement implicitly removes the contributions from the aperiodic packets. One potential way to achieve this is that the S-RSSI measurement is based on periodic packet specific DMRS and aperiodic packets use DMRS pattern orthogonal to the periodic packets (e.g. in FDM). 

Some preliminary system level simulations were made to evaluate the impact of the aperiodic packets on the S-RSSI measurements and resource selection as shown in Figure 5. In the simulations, 50% UEs with periodic traffic and the rest UEs with aperiodic traffic share the same resource pool. Sensing-based UE-autonomous resource selection is used for both the traffic types (It is assumed that PSCCH with resource reservation is transmitted ahead of data for aperiodic packets). Other simulation conditions are listed in table 2 in appendix. From the simulation results, we can get the following observations:

Observation 2: Aperiodic packets have large negative impact on the S-RSSI measurement and associated resource selection by the UE.
Proposal 5: Discuss the solution to mitigate the impact of aperiodic packets on the sidelink channel measurement and UE resource selection. S-RSSI measurement based on DMRS could be considered. 
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Figure 5: Evaluation of the impact of aperiodic packets on the sensing-based resource selection

Note that if NR Uu type-1 DMRS configuration (with single symbol) is used, there are totally two CDM groups. In this case, for the resource pool shared by periodic and aperiodic traffic types, the two CDM groups of DMRS could be allocated to periodic traffic and aperiodic traffic, respectively. In this way, not only the potential collision interference between periodic and aperiodic packets could be mitigated efficiently, but also the impact of aperiodic packets in the sidelink measurement (S-RSSI) could be implicitly avoided. For the resource pool dedicated to periodic traffic or aperiodic traffic, the two CDM groups of DMRS could be adaptively selected based on the sidelink channel sensing to suppress the colliding interference in the interference-limited scenario (as discussed in previous subsection). 
3. Conclusions
In this contribution we made some discussions on the DMRS designs for NR sidelink channels. Based on the discussed, the following observations and proposals are provided. 

[bookmark: _Hlk955463]Observation 1: In case of interference-limited scenarios, orthogonal DMRS patterns used by the colliding UEs can greatly improve the capability for interference suppression.
Observation 2: Aperiodic packets have large negative impact on the S-RSSI measurement and associated resource selection by the UE.

Proposal 1: Support of single or multiple DMRS time patterns per resource pool could be considered. 
Proposal 2: TX UE indicates the used DMRS time pattern for PSSCH to the RX UE through PSCCH/SCI.
Proposal 3: For PSSCH DMRS pattern in frequency domain, Rel-15 NR Uu type-1 DMRS configuration could be used.
Proposal 4: Support multiple orthogonal DMRS patterns in frequency to suppress the potential colliding interference.
Proposal 5: Discuss the solution to mitigate the impact of aperiodic packets on the sidelink channel measurement and UE resource selection. S-RSSI measurement based on DMRS could be considered.
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Appendix

Table 1: Link Level simulation conditions for results of Fig. 4

	Parameters
	Values

	Carrier frequency
	6.0GHz

	Packet size
	200 bytes

	Modulation and coding
	QPSK and 16QAM with 1/2-LDPC
Single data layer per transmitter

	Antenna setting
	1TX/4RX
Cross-polarized antennas

	Sidelink waveform
	OFDM

	Performance metric
	BLER vs. Signal to interference ratio (SIR). Useful signal to noise power ratio (SNR) is fixed to 15dB.

	Fast fading channel
	CDL-A defined in TR38.901 with parameters: CDL delay spread 200ns, AOA/AOD angle spread 50deg and ZOA/ZOD angle spread 10deg. 
Relative velocity: 30kmph

	Sidelink TTI structure
	Slot (i.e. 14 OFDM symbols)

	SCS
	15kHz.

	DMRS pattern
	NR type-1 DM-RS configuration with 4 DM-RS symbols
DM-RS comb offset = 0 and 1 for useful and interference signals respectively.

	Timing/frequency offset
	Zero timing/frequency offset assumed.
Timing/frequency synchronization were made at receiver based on DM-RS.

	Channel estimation
	Real

	Data detection 
	MMSE-IRC per PRB




Table 2: System level simulation conditions for results of Fig. 5
	Parameters
	Values

	Carrier frequency
	6 GHz

	SCS (sub-carrier spacing)	
	15 KHz

	Bandwidth
	20 MHz for PSSCH

	Packet modulation/coding
	16 QAM, ½ LDPC, 8 PRBs per subchannel

	Number of TX/RX antenna number
	2Tx/4Rx

	Antenna model for vehicle UE
	Option 1

	Velocity for vehicle TX UE and RX UE
	Highway scenario: 
Option A: 140 km/h 

	The number of PSSCH transmissions per TB 	
	Single transmission per TB

	Service type
	Broadcast traffic with mixed 50% periodic UEs and 50% aperiodic UEs. Medium intensity for both periodic traffic (with period of 50m) and aperiodic traffic, as defined in TR37.885.

	Resource selection method
	Sensing-based resource selection for both period and aperiodic packets.
SPT for periodic packets; resource reservation for aperiodic packet ahead of PSSCH. 
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