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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _GoBack]At the RAN1 #88bis meeting, the following agreement [1] for Transmit Diversity was reached:
· 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
· 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 fulfill objective 2 of the WID
In this contribution, we discuss detailed Transmit Diversity solution for both PSCCH and PSSCH.
Detailed Transmit Diversity solution for PSCCH
For PSCCH, only small delay CDD is under consideration. Small delay CDD is applied to both data and DMRS as described in Figure 1.


Figure 1. Block diagram for small delay CDD.
With small delay CDD, the key question is how to set up the delay. The larger it is, the higher the diversity gain. However, if the delay is too large, the sum of the CDD delay, the channel delay spread (about 0.7us for UMi channel) and 2us Rx time offset (1us propagation delay for sync and 1us propagation delay for data transmission) may exceed the 4.7us CP length, and cause performance degradation. A cyclic-delay in the [0, 2] us range works well for most cases. 
Proposal 1: Small delay CDD is supported for PSCCH with a cyclic delay in the range of [0, 2] us.
· -The cyclic delay range can narrow down based on further evaluation.
Detailed Transmit Diversity solution for PSSCH
PSSCH DMRS design for multi-antenna port Transmit Diversity
Supporting multi-antenna port transmit diversity requires designing the DMRS for multiple antenna ports. In this section, we discuss how to design DMRS for multiple antenna ports, taking two antenna ports case as example.
[bookmark: OLE_LINK18][bookmark: OLE_LINK19]On a DMRS symbol, the DMRS transmitted by the two antenna ports can be CDMed or FDMed. If the DMRS transmitted by the two antenna ports are FDMed, a Rel-14 UE cannot estimate the received power accurately with PSSCH-RSRP measurement.
Observation 1: If the DMRS transmitted by the antenna ports are FDMed, a Rel-14 UE cannot obtain the received power accurately with a PSSCH-RSRP measurement.
[bookmark: OLE_LINK12]On a DMRS symbol, if the DMRS transmitted by the two antenna ports are CDMed, each antenna port will use a different DMRS sequence, one of which should be a Rel-14 DMRS sequence (to facilitate Rel-14 UE PSSCH-RSRP measurement). In this case, a Rel-14 UE can only measure the received power contribution from the antenna port transmitting the Rel-14 DMRS sequence, which incurs 3dB level loss in PSSCH-RSRP measurement.
Observation 2: If the DMRS transmitted by the antenna ports are CDMed, the Rel-14 UE PSSCH-RSRP measurement will incur a 3dB level loss.
[bookmark: OLE_LINK20]If the Rel-14 DMRS sequence is always mapped on the same antenna port, power measurements can be inaccurate taking into account independent channel fading on the two antenna ports. For instance, if the channel of the measured antenna port is in a deep fade whereas the channel of the other antenna is not, the power measurement will be much lower than the actual received power. 
Observation 3: If Rel-14 DMRS sequences are always transmitted on the same antenna port in the four DMRS symbols in a TTI, the Rel-14 UE PSSCH-RSRP measurement will not be accurate.
If the two antenna ports transmit Rel-14 DMRS sequence in turn on these four symbols for DMRS in a TTI, a Rel-14 UE can obtain the average received power contribution of the two antenna ports by PSSCH-RSRP measurement on the four symbols. If one of the channels is deep fade meanwhile the other is not, independent channel fading can be averaged out such that PSSCH-RSRP measurement will be only 3dB less than total received power.
Figure 2 shows the proposed DMRS design for two antenna ports case.


Figure 2. DMRS design for 2 antenna ports.
Proposal 2: For PSSCH multi-antenna port Transmit Diversity:
· The DMRS transmitted by all the antenna ports are CDMed.
· For any DMRS symbol, the UE transmits one Rel-14 DMRS sequence on one antenna port.
· All antenna ports transmit Rel-14 DMRS sequence in turn on the four symbols for DMRS in a TTI.
Data Resource mapping for Transmit Diversity schemes
Small delay CDD
With 2 antennas, the resource mapping for small delay CDD is as shown in Figure 3.


Figure 3. Resource mapping of small delay CDD.
STBC
The resource mapping for 2 antenna port STBC can be described as Figure 4.


Figure 4. Resource mapping of STBC.
With this design, resource mapping on the first and the last symbols in a TTI for both of the antenna port are the same with that in non-transmit diversity scheme. STBC is not applied on the first and last symbols since the first symbol is for AGC settings, and the last symbol is for guard period.
Proposal 3: For STBC evaluations for PSSCH, STBC is applied on symbols participated in receiver decoding.

SFBC
The simplest possible resource for 2 antenna port SFBC is shown in Figure 4. This design can be applied ‘as is’ for V2X transmission.


Figure 4. Resource mapping of SFBC.
Proposal 4: For SFBC evaluations for PSSCH, each two adjacent REs are partnered for SFBC.

PVS in time domain (PVS-T)
Resource mapping in our design for PVS in time domain can be described as Figure 5.


Figure 5. Resource mapping of PVS in time domain.
As additional channel extrapolation causes channel estimation degradation, the precoding vector is switched at slot boundary to minimize the additional channel extrapolation.
Proposal 5: For PVS evaluations for the PSSCH, the precoding vector is switched at the slot boundary.
Transmit Diversity scheme down-selection
According to the simulation results in our companion paper [2], performance of SFBC and STBC are better than that of Small delay CDD and PVS-T. Taking into account the slight CM increase of SFBC, SFBC and STBC show similar performance in all the cases. Since supporting flexible frame structure is currently under investigation in this WI, and SFBC is advantageous in avoiding the issue of “orphan symbol”, we propose to standardize SFBC for PSSCH. 
Proposal 6: SFBC is standardized for PSSCH.
[bookmark: _Ref129681832]Conclusions
For detailed Transmit Diversity solution for R15 sidelink, our observations and proposals are as follows:
Proposal 1: Small delay CDD is supported for PSCCH with a cyclic delay in the range of [0, 2] us.
· -The cyclic delay range can narrow down based on further evaluation.
Observation 1: If the DMRS transmitted by the antenna ports are FDMed, a Rel-14 UE cannot obtain the received power accurately with a PSSCH-RSRP measurement.
Observation 2: If the DMRS transmitted by the antenna ports are CDMed, the Rel-14 UE PSSCH-RSRP measurement will incur a 3dB level loss.
Observation 3: If Rel-14 DMRS sequences are always transmitted on the same antenna port in the four DMRS symbols in a TTI, the Rel-14 UE PSSCH-RSRP measurement will not be accurate.
Proposal 2: For PSSCH multi-antenna port Transmit Diversity:
· The DMRS transmitted by all the antenna ports are CDMed.
· For any DMRS symbol, the UE transmits one Rel-14 DMRS sequence on one antenna port.
· All antenna ports transmit Rel-14 DMRS sequence in turn on the four symbols for DMRS in a TTI.
Proposal 3: For STBC evaluations for PSSCH, STBC is applied on symbols participated in receiver decoding.
Proposal 4: For SFBC evaluations for PSSCH, each two adjacent REs are partnered for SFBC.
Proposal 5: For PVS evaluations for the PSSCH, the precoding vector is switched at the slot boundary.
Proposal 6: SFBC is standardized for PSSCH.
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