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1 Introduction

At the RAN#75, the work item on 3GPP phase-2 V2X evolution was approved. One of the main RAN1 WG objectives is to study the feasibility and gain of PC5 operation with Transmit Diversity [1]:
	1. Study the feasibility and gain of PC5 operation with Transmit Diversity, assuming this PC5 functionality would co-exist in the same resource pools as Rel-14 functionality and use the same scheduling assignment format (which can be decoded by Rel-14 UEs), without causing significant degradation to Rel-14 PC5 operation compared to that of Rel-14 UEs, and specify this PC5 functionality if justified. [RAN1, RAN2, RAN4].


In order to evaluate performance of transmit diversity(TxD) schemes, evaluation assumptions to study benefits of TxD schemes for sidelink V2V communication were discussed and agreed at the RAN1#88bis meeting. The following agreements were made with respect to candidate TxD schemes for RAN1 WG evaluation:
	Agreement:
· At least the following candidate TxD schemes for PSSCH transmission to be evaluated:
· Small delay CDD / STBC (including half symbol STBC proposal in R1-1705002) / SFBC / PVS in time domain
Note: other schemes are not precluded

Agreement:
· Applied method on “Orphan” symbol issue in STBC should be provided if STBC is applied

· Pre-coding details of PVS should be illustrated following with evaluation results.
· When only one antenna port is applied, legacy DMRS pattern is reused.

· For the case that more than one antenna port is applied, the time location of DMRS is the same as Rel-14.

· Channel estimation and demodulation details should be provided by proponents

· There should be analysis on impact to Rel-14 UE provided following with evaluation assumption and link and/or system simulations, including interference increase of Rel-15 UEs over Rel-14 UEs 

· Details FFS
Note: Legacy DMRS pattern includes Rel-14 DMRS time-frequency location, sequence, cyclic shift and single antenna port.
Agreement: 

· Legacy Rel-14 DMRS pattern with single antenna port, including time-frequency location, sequence, and cyclic shift, is applied to PSCCH transmission.

Continue discussion on DMRS design. Questions to answers are:

· FDM vs. CDM
· Whether a Rel-14 DMRS sequence is always transmitted on at least one port

· Whether a new structure is needed

· Whether the RS is precoded or not


In this contribution, we discuss pros and cons of transmit diversity schemes for sidelink V2V communication and analyze impact on DMRS structure. The detailed link level analysis of the selected TxD schemes is presented in our companion contribution [2]. Our views on other V2V PC5 enhancements are provided in our companion contributions [3]-[11].
2 Transmit Diversity Schemes for LTE-V2V Communication

Design of transmit diversity schemes for LTE-V2V communication should consider the following aspects:

· V2V channel diversity. The small and large scale V2V channel properties may have different impact on different transmits diversity design options.

· Transparent vs non-transparent transmit diversity scheme. The transmit diversity schemes can be implemented in transparent way for receiver. For instance, SFN transmission by multiple TX antennas (viewed as a single port from UE perspective), schemes based on cyclic delay diversity may not require additional signaling and can provide additional diversity gains, etc.
· SC-FDMA waveform. The transmit diversity schemes may lead to the increase of PAPR/CM for LTE-V2V SC-FDMA waveform. The design of transmit diversity scheme should not significantly affect these metrics for LTE-V2V communication on top of PSCCH and PSSCH transmission in the same subframe.
· Backward compatibility issue. For V2V transmit diversity design, it is preferable to have scheme transparent to RX processing of R14 V2V UEs, so that communication between R14 and R15 UEs is not destroyed.

· Impact on LTE V2V R14 sensing and resource selection procedure. The design of transmit diversity scheme may have negative impact on legacy V2V sensing and resource selection procedure, since UE performing resource reselection needs to perform PSSCH-RSRP measurements used for resource exclusion based on DMRS processing.
· Channel estimation accuracy. The channel estimation accuracy may degrade, if time varying MIMO channel needs to be estimated under the same DMRS overhead.

· Interference mitigation aspects/complexity. The introduction of transmit diversity techniques may complicate or reduce interference mitigation capabilities (e.g. MMSE-IRC, MMSE-IC receivers) due to possibility to utilize multiple spatial streams or more diverse channel propagation characteristics.
All of the above aspects should be separately analyzed for TX diversity scheme design, including the link and system level evaluations to decide on the benefit of TX diversity design for LTE-V2V communication.
Observation 1
· The performance of TxD schemes should be carefully analysed at link and system level to conclude on the benefits of transmit diversity design.
3 Candidate Transmit Diversity Schemes
The following candidates of Transmit Diversity (TxD) schemes for LTE-V2V sidelink communication were identified and further analyzed, each having its own technical benefits and drawbacks, when it is applied to SC-FDMA based LTE-V2V communication:

· Single port transmission from multiple antennas (e.g. co-located directional antennas pointing to different directions) – Same signal is transmitted from multiple TX antennas with proper power scaling per antenna.
Pros:
· Low PAPR (single-carrier-like) on both transmit antennas.
· A legacy DMRS can be used to estimate the effective channel at RX side.
· Transparent for R14 UE for PSCCH/PSSCH reception.
Cons:

· Low diversity order in correlated and low mobility channels.

· SD-CDD – Cyclic delay diversity, scheme utilises cyclically shifted signal transmitted from multiple antennas.
Pros:

· Low PAPR/CM (same as for SC-FDMA waveform) on both transmit antennas.
· A legacy DMRS can be used to estimate the effective channel at RX side.

· Transparent for R14 UE reception.

Cons:

· High frequency selectivity could potentially decrease SC-FDMA performance in case of large delay.

· SC STBC – Single carrier space-time block coding (e.g. based on Alamouti code for 2 TX antennas).

Pros:

· Optimal transmit diversity scheme.

· PAPR/CM is the same as for the case of SC-FDMA waveform.
Cons:

· Requires even number of SC-FDMA symbols to be implemented.
· Sensitive to high Doppler, when channel can significantly vary from symbol to symbol.

· Non-transparent for R14 UE reception.
· Virtual Half Symbol STBC [12] – This scheme is an adaptation of STBC approach within single SC-FDMA symbol.

Pros:

· Can be implemented with even/odd number of SC-FDMA symbols.

· Reduced sensitivity to Doppler spread relative to STBC.

· Does not increase PAPR/CM relative to SC-FDMA waveform.
Cons:

· Sensitive to ISI (ICI) effects due to loss of orthogonality among STBC sub-blocks within SC-FDMA symbol. Noticeable performance loss can be expected in multipath frequency selective channels, especially for high order modulations.

· Non-transparent for R14 UE reception

· SC SFBC – Single carrier space-frequency block coding (e.g. based on Alamouti code for 2 TX antennas).

Pros:

· Optimal transmit diversity scheme.

· Reduced sensitivity to Doppler spread relative to STBC.

Cons:

· Increased PAPR/CM relative to SC-FDMA for one of TX antenna port.

· Non-transparent for R14 UE reception

· PVS – Pre-coder vector switching – Different MIMO pre-coders are applied across time or in frequency domain (e.g. across slots or subsets of symbols within subframe or set of PRBs). PVS is a superset of FSTD and TSTD schemes, that can be supported under the proper precoder vector selection)

Pros:

· Low PAPR/CM, if PVS is applied across time domain (e.g. slots or subset of SC-FDMA symbols).
· Good diversity order can be achieved under proper pre-coder vector selection and cycling.

Cons:

· Increased PAPR, if PVS is applied in frequency domain.
· Non-transparent for R14 UE reception (can be seen as transparent with performance loss for R14 UEs)
The link level analysis of candidate TxD schemes is provided in our companion contribution [2], where we study CM characteristic of different schemes, BLER vs SNR performance in low and high mobility scenarios for low order and high order modulations, as well as analyze impact of TxD schemes on R14 UE demodulation performance.
4 DMRS Structure for PSSCH

FDM vs CDM structure

For non-transparent transmit diversity schemes channel estimation needs to be done for each transmit antenna port. One of the open question is whether to apply CDM or FDM physical structure for DMRS transmission from multiple TX antennas ports.
Figure 1 shows link level evaluation results for three DMRS design options.
· FDM. DMRS sequences from different antenna ports are mapped into orthogonal frequency resources (interlaced).

· CDM. Two options are analysed:

· nOCC: DMRS signals corresponding to different antenna ports are quasi-orthogonal (different DMRS base sequences are used at each antenna port).
· OCC: DMRS transmitted from different ports use different cyclic shifts (i.e. the same base sequence with different cyclic shifts is applied for each antenna port).
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Figure 1: DMRS structure impact on demodulation performance
Based on the link level analysis the same perfromance is observed for both FDM and CDM DMRS structures. However considering the fact that for V2V sesnsing and resource selection the results of PSSCH RSRP measurements are applied for resource exclusion the CDM option is more compatible with legacy implementations. 
On Rel.14 DMRS sequence

The Rel-14 DMRS sequence should be transmitted on at least one antenna port. Otherwise, PSSCH RSRP measurements may not be accurate and can negatively affect resource exclusion procedure that can depends on actual implementation of RSRP measurements. In order to avoid this impact, it is beneficial to transmit R14 sequence on at least one of the ports.
On new DMRS structure
For transmission of DMRS the same physical structure as Rel-14 DMRS pattern, including time-frequency location, sequence, and cyclic shift, is applied to PSCCH transmission. The demodulation topic was extensively discussion in R14 with the outcome to use 4 DMRSs per subframe. Therefore unless any new significant issue is identified we do not see benefits to change DMRS structure. Precoding of DMRS can be allowed however it should be done in a standard transparent way.

5 Conclusion
In this contribution, we discussed candidate transmit diversity schemes for V2V sidelink communication. Our analytical considerations show that there are different pros and cons of using transparent and non-transparent transmit diversity schemes for LTE-V2V communication. These analytical considerations are further supported by our link level and system level evaluation results provided in our companion contribution [2]. Our conclusions on feasibility and performance of candidate TxD are presented in our companion contributions [2], [6].
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