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Introduction
A new WID on 3GPP V2X Phase 2 was agreed in RAN meeting#75 [1].
2. 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 RAN1 #88bis meeting, the following agreements are reached [2]:
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:
· At least the following candidate TxD schemes for PSCCH transmission to be evaluated:
· Small delay CDD
· Note: other schemes are not precluded provided that they fulfil objective 2 of the WID
In this contribution, the feasibility of PC5 operation with transmit diversity is analyzed. 
Feasibility and Technical considerations
The technique of transmit diversity is proven to be an effective way to obtain spatial/frequency/time diversity gain and to mitigate the impact of multipath fading by using multiple antennas with uncorrelated fading. When transmit diversity is used the effects of fading can be diminished by transmitting the same information from different antennas.
Potential schemes of transmit diversity
The following schemes can be considered for PC5 transmit diversity operation.
Scheme 1: Small delay cyclic delay diversity (CDD)
In scheme 1, each signal over one antenna port is sent after a cyclic shift. For this new scheme, each signal with a cyclic shift can be regarded as a separate transmission path with different delay patterns. This scheme will not increase the complexity of the receiver. The benefit is that it can be an effective way to obtain gain from using multiple transmission paths with uncorrelated fading and different delay patterns.
Scheme 2: Space frequency block codes (SFBC)
In scheme 2, the scheme of transmit diversity in LTE downlink can be reused in PC5. In LTE downlink, transmit diversity has been specified for transmission on two or four antenna ports. For sidelink, SFBC can be done within two adjacent tones using Alamouti coding. It should be noted that, this will break the single-carrier property and cause higher peak-to-average power ratio (PAPR).
For receiving, the precoding operation and the number of antenna ports should be indicated to the receiving UEs. Otherwise, the operation of blind detection would be necessary.
Scheme 3: Space time block code (STBC)
In scheme 3, STBC can be done within two paired symbols. This requires even number of signal carrier frequency division multiplexing (SC-FDM) symbols in one subframe for mapping PSSCH. Considerating the subframe structure of PSSCH, the last one symbol is as GP. Thus, there is an symbol without STBC coding. The diversity gain of this symbol will be degraded.  As scheme 2, it is non-transparent for receiver, the transmit diversity mode indicator should be informed to receiver in Sidelink control information (SCI).
Scheme 4: Precoding vector switching (PVS) in time domain
Time domain PVS can work with different precoding vectors used for the first slot and the second slot. For Rel-14 UEs receiving and sensing, it does not impact the DMRS design and the PSSCH-RSRP measurement. But between the two slots with different precoding vectors in one subframe, the channel estimation by interpolation for symbols may be inaccurate. 
The four schemes can be divided into two categories:
Category 1: Transparent transmit diversity schemes. With these schemes, such as schemes 1 and 4, it will not increase the complexity of the receiver. And for Rel-14 UEs, it can also be correctly received. Moreover, it has no impact on legacy DMRS.
Category 2: Non-transparent transmit diversity schemes. With these schemes, such as schemes 2 and 3, the receiver should be notified which scheme is used for transmission, and the DMRS needs to be modified.
The transmit diversity mode indication by SA
For scheme 1 and 4, it is not necessary to notify the receiving UE which transmit diversity scheme is used. But for scheme 2 and 3, it is better to have a notification signal to indicate the receiving UE how to decode the signals.
The scheduling assignment (SA) content is defined in TS 36.212[3]. There is at least 7 bits that can be reused. If non-transparent transmit diversity scheme is introduced in V2X phase 2, one bit in SA is needed to notify the transmit diversity mode to receiving UEs. 
Proposal 1: If non-transparent transmit diversity scheme is introduced in V2X phase 2, one bit in SA is needed to indicate the transmit diversity mode.
Effect on sensing process
In RAN1 #88bis meeting, some DMRS relevant agreements were reached [2]:
· 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.
For category 1(Transparent transmit diversity schemes), such as scheme 1 and 4, there is only one antenna port, and the legacy demodulation reference signal (DMRS) can be reused. But for category 2 (Non-transparent transmit diversity schemes), such as scheme 2 and 3, more than one antenna port will be applied, so the DMRS should be modified.
New DMRS structure may be introduced for scheme 2 and 3, such as: frequency division multiplexing (FDM) type structure or code division multiplexing (CDM) type structure as shown in Figure 1. 
                           
(a) FDM type				                                                    (b) CDM type
Figure 1: DMRS pattern in PSSCH for Non-transparent transmit diversity schemes
As we know, in V2X phase 1, the performance of DMRS was carefully evaluated in high speed scenarios. As show in Figure 1, two ports DMRS are multiplexed with the same DMRS resources, this would degrade the performance of DMRS. If one of the two DMRS structure as shown in Figure 1 is introduced into V2X phase 2, in advance, the performance of the two DMRS structures should be carefully evaluated.
Proposal 2: The performance of the two DMRS structures should be further evaluated in high speed V2X scenarios.
The accuracy of the sensing results is associated with the SA decoding and the measurement of PSSCH-RSRP. For PSCCH, in order to be decoded by Rel-14 UEs, only category 1(Transparent transmit diversity schemes) can be used. For PSSCH, if Category 2(Non-transparent transmit diversity schemes) is applied, the new DMRS structure cannot be recognized by Rel-14 UEs. This would have a significant impact on the accuracy of the sensing for mode 4 described in TS 36.213 [4]. The messages transmitted by Rel-15 UEs with transmit diversity cannot be decoded by Rel-14 UEs neither. It will affect the packet reception ratio (PRR) performance of Rel-14 UEs. Taking into account the impact to Rel-14 UE, it is suggested to use the same schemes as PSCCH for PSSCH, such as small delay CDD. In this way, the performance of Rel-15 UEs could be improved by transmit diversity scheme, and the performance of Rel-14 UEs could also be improved since the PRR from Rel-15 UEs is higher.
Proposal 3: Transparent transmit diversity schemes can be used as a common scheme of PSCCH and PSSCH in V2X Phase 2, such small delay CDD.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Conclusion
In this paper, we analyzed the feasibility of three potential schemes of transmit diversity, the following proposals are given:
Proposal 1: If non-transparent transmit diversity scheme is introduced in V2X phase 2, one bit in SA is needed to distinguish the transmit diversity mode.
Proposal 2: The performance of the two DMRS structures should be further evaluated in high speed V2X scenarios.
Proposal 3: Transparent transmit diversity schemes can be used as a common scheme of PSCCH and PSSCH in V2X Phase 2, such small delay CDD.
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