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At the RAN1 #88bis and #89, the following agreements for TxD on PSCCH were reached:
· 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
· Legacy Rel-14 DMRS pattern with single antenna port, including time-frequency location, sequence, and cyclic shift, is applied to PSCCH transmission.
At the RAN1 #90 meeting, the following working assumption for transmit diversity on PSSCH was reached:
· For designing PSSCH, RAN1 assumes the use of two-port non-transparent transmit diversity
· The use of non-transparent transmit diversity is configured. 
· Details, including diversity scheme, are FFS
· Support of transmission and/or reception up to UE capability
· Note: It is RAN1 understanding that requirements on capabilities can be set at regional level and are outside 3GPP scope
· Send LS to RAN4 to ask their opinion about when non-transparent scheme for transmit diversity is used by Rel-15 UEs:
· Impact on Rel-14 UEs of PSSCH-RSRP measurement accuracy
· MPR for Rel-15 UEs
· Non-transparent Transmit diversity is not used in the following cases:
· When communicating with Rel-14 UEs
· When there is a high probability of resource collision with Rel-14 UEs
· Note: Some companies observe that the performance of MMSE-IRC receiver degrades when a non-transparent Transmit diversity scheme is used in interference limited scenarios with a dominant interferer
In this contribution, we propose design solutions for transmit diversity for both PSCCH and PSSCH. 

Detailed Transmit Diversity solution for PSSCH
PSSCH DMRS design for multi-antenna port Transmit Diversity
In this section, we discuss how to design DMRS for two antenna ports.
On one 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 accurately estimate the received power with RSRP measurement, as shown in [1].
On a DMRS symbol, if the DMRS transmitted by the two antenna ports are CDMed, each antenna port uses a different DMRS sequence, one of which should be a Rel-14 DMRS sequence in order to facilitate Rel-14 UE RSRP measurements. In this case, a Rel-14 UE can only measure the received power contribution from the antenna port transmitting the Rel-14 DMRS sequence, thus there is a 3dB level loss in RSRP measurement.
[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 is much lower than the actual received power.
Simulation results in [1] show that, with the design of the Rel-14 DMRS sequence always mapped on the same antenna port, the ratio of Rel-14 UE RSRP measurement to 2-port RSRP is 0.5 with 15%-20% standard deviation at medium and low speed, and 10%-15% standard deviation at high and extremely high speed.
Observation 1: 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 RSRP measurement will have a -3dB systematic error and a random error with 15%-20% standard deviation at medium and low speed, and 10%-15% standard deviation at high and extremely high speed.
If the two antenna ports alternately transmit Rel-14 DMRS sequence 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 RSRP measurement on the four symbols. If one of the channels is in a deep fade whereas the other is not, independent channel fading can be averaged out such that RSRP measurement is only 3dB less than total RSRP.
As the DMRS sequences with the same root sequence and different cyclic shifts are orthogonal, on the same DMRS symbol, different antenna ports transmit the DMRS sequences with the same root sequence and different cyclic shifts. Then, on a DMRS symbol, an antenna port transmits a Rel-14 DMRS sequence or a cyclic shifted version of Rel-14 DMRS sequence.
Figure 2 shows the proposed DMRS design for two antenna ports case.
[image: ]
Figure 1. DMRS design for two antenna ports.
Simulation result in [1] shows that, with the proposed design, the ratio of Rel-14 UE RSRP measurement to 2-port RSRP is 0.5, with less than 5% standard deviation at medium and low speed, and less than 10% at high and extremely high speed.
Proposal 1: For PSSCH two-antenna port Transmit Diversity:
· The DMRS transmitted by the two antenna ports are CDMed.
· On a DMRS symbol, an antenna port transmits a Rel-14 DMRS sequence or a cyclic shifted version of a Rel-14 DMRS sequence.
· Two antenna ports alternately transmit a Rel-14 DMRS sequence on the four symbols for DMRS in a TTI.
PSSCH Transmit Diversity schemes
For two-port non-transparent schemes, the candidate PSSCH Transmit Diversity schemes being considered are STBC, SFBC, and PVS-T. The corresponding data resource mappings for STBC, SFBC, and PVS-T are, shown in Figures 2, 3, and 4, respectively.
[image: ]

Figure 2. Resource mapping for STBC.
[image: ]
Figure 3. Resource mapping for SFBC.
[image: ]
Figure 4. Resource mapping for PVS in time domain (PVS-T).
Note that with for STBC, the resource mappings on the first and the last symbols in a TTI for the two antenna port are the same as for the non-TxD scheme, since the first symbol is for AGC setting, and the last symbol is for Tx/Rx switching.
In our companion contribution [1], performance of STBC, SFBC, and T-PVS are evaluated and compared for the AWGN scenario. The following observations are made:
Observation 2: 
· STBC and SFBC outperform other schemes, SFBC performs better than STBC for high order modulation and for high speed
· PVST has worse performance than STBC and SFBC
· PVST has worse performance single-antenna schemes for high speed.
On the MPR issue, our RAN4 contribution shows that SFBC increases the MPR by 0.5 dB for QPSK and 16QAM in single carrier scenarios. Considering MPR, SFBC still outperforms the other schemes for high speeds.
In terms of impact to the Rel-14 legacy UEs, simulation results in [1] show that Rel-14 PRR performance is not impacted when taking into account the RSRP measurement errors. In addition, it is shown that Rel-14 IRC receiver gains diminish significantly as relative vehicle speed increases and become almost indistinguishable for 280km/h relative speed. It also shows that IRC receiver gains quickly vanishes in an environment where no interference source prevails.  
Based on these observations, the following is proposed
Proposal 2:  For designing PSSCH, RAN1 assumes the use of SFBC

Detailed Transmit Diversity solution for PSCCH
For PSCCH, only small delay CDD is under consideration based on the agreements. Small delay CDD is applied to both control information and DMRS, as described in Figure 5.
[image: ]
Figure 5. Block diagram for small delay CDD.
For small delay CDD, one key question to address is the cyclic-delay value. Large cyclic-delay comes with higher diversity gain, but the sum of the cyclic-delay, the channel delay spread (about 0.7µs for UMi channel) and the Rx time offset exceed the 4.7µs CP length. Therefore, the range cyclic-delay needs to be carefully designed. From our perspective, cyclic-delay in the range of [0, 2] µs seems to work well for most environments. 
Another question worth discussing is whether small delay CDD is supported for all speed. According to the evaluation results in our companion contribution [1], small delay CDD shows up to 2dB gain in low speed and similar performance as single antenna at high speed. Thus, we have the following proposal
Proposal 3: For PSCCH, standardize small delay CDD with a cyclic delay value in the range of [0, 2] µs.

[bookmark: _Ref129681832]Conclusions
For transmit diversity solution for both PSSCH and PSCCH, our observations and proposals are as follows:
Observation 1: 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 RSRP measurement will have a -3dB systematic error and a random error with 15%-20% standard deviation at medium and low speed, and 10%-15% standard deviation at high and extremely high speed.
Observation 2: 
· STBC and SFBC outperform other schemes, SFBC performs better than STBC for high order modulation and for high speed
· PVST has worse performance than STBC and SFBC
· PVST has worse performance single-antenna schemes for high speed.

Proposal 1: For PSSCH two-antenna port Transmit Diversity:
· The DMRS transmitted by the two antenna ports are CDMed.
· On a DMRS symbol, an antenna port transmits a Rel-14 DMRS sequence or a cyclic shifted version of a Rel-14 DMRS sequence.
· Two antenna ports alternately transmit a Rel-14 DMRS sequence on the four symbols for DMRS in a TTI.
Proposal 2:  For designing PSSCH, RAN1 assumes the use of SFBC
Proposal 3: For PSCCH, standardize small delay CDD with a cyclic delay value in the range of [0, 2] µs.
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