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1. Overall Description:
RAN4 thanks RAN1 for the LS on the transmit diversity for PC5. RAN4 would like to inform RAN1 that it discussed the impact of two-port non-transparent transmit diversity for V2X PC5 and has come to the following conclusions on RAN1 questions
A. Impact on PSSCH-RSRP measurement accuracy of Rel-14 UEs

Answer: RAN4 concluded that introduction of two-port non-transparent transmit diversity schemes in Rel-15 may lead to the impact on Rel-14 V2X UEs PSSCH-RSRP measurements accuracy. The impact depends on the two port DMRS design.
· If Rel-15 two-port PSSCH DMRS does not include legacy Rel-14 DMRS sequence, Rel-14 UE will fail to perform PSSCH-RSRP measurements.

· If Rel-15 two-port PSSCH DMRS includes legacy Rel-14 DMRS sequence, Rel-14 UE PSSCH-RSRP accuracy will degrade:
· For one type of PSSCH-RSRP measurement algorithm:

· At least -3 dB RSRP bias will be observed comparing to the total RX power from the two DMRS APs since Rel-14 UE measures one DMRS AP and the TX power is split between the two DMRS APs.

· Almost no RSRP bias will be observed comparing to the RSRP from one antenna port.

· The variance of RSRP estimates may increase due to presence of interference from the second DMRS AP.
· For another type of PSSCH-RSRP measurement algorithm, a company observed that the PSSCH-RSRP measurement is significantly impacted.

· Note: RAN4 does not specify the PSSCH-RSRP estimation algorithm and it is left up to UE implementation.

B. MPR for Rel-15 UEs
Answer: TBD
C. Impact on MMSE MRC receivers and advanced receivers in the a) presence of one interferer (single-port transmission and two-port diversity) b) presence of multiple interferers (single-port transmission and two-port diversity)

Answer: RAN4 concluded that the Rel-14 V2X UE demodulation performance in the interference limited environments may degrade in case of presence of two-port non-transparent transmit diversity interfering signals comparing to the single port interfering signals case:

· The RAN4 Rel-14 minimum V2X UE demodulation performance requirements are defined under assumption of LMMSE-MRC reference receiver, but do not preclude using more advanced reference receiver structures including LMMSE-IRC, which can be beneficial in scenarios when multiple PSSCH signals collide in the same time/frequency resources.

· RAN4 observed that LMMSE-IRC receiver can provide noticeable performance improvement over LMMSE-MRC under interference limited environments 

· For LMMSE-MRC receiver the two-port non-transparent transmit diversity interfering transmissions have almost same impact as Rel-14 single-port interfering transmissions on receiving performance of Rel-14 UEs independent of single interferer or multiple interferers.
· For LMMSE-IRC receiver the two-port non-transparent transmit diversity interfering transmissions may result in performance loss depending on the scenarios comparing to the case of Rel-14 single-port interfering transmissions. 

· For the case of single dominant interferer signal the Rel-14 UE performance degradation may be observed and varies for different scenarios:
· R4-1712301: The performance degradation can be up to 4.5 dB for the single dominant interferer with 15 dB INR. The impact depends on the propagation conditions and reduces for high-speed environments and lower INR conditions.
· TBD
· For multiple interference case the Rel-14 UE performance degradation is reduced comparing to the case of single dominant interferer:
· R4-1712301: The performance degradation can be up to 2 dB for the case of 15 dB and 12 dB INR for the first and second dominant interferers, respectively. The impact depends on the propagation conditions and reduces for high-speed environments and lower INR conditions.

· TBD
2. Actions:

To RAN WG1
RAN4 respectfully asks RAN1 to take into account the RAN4 conclusions in the future work.
3. Date of Next RAN WG4 Meetings:
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