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1 Introduction
R15 WI “3GPP V2X Phase 2” [1] has been approved in RAN#75. One objective of the WI is related to transmit diversity over PC5:

	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]


Transmit diversity over PC5 has been discussed in RAN1 for several meetings, and in RAN1#90, an LS [2] is sent to RAN4, asking RAN4 to provide

	feedback on the following aspects due to two-port non-transparent transmit diversity:

•
Impact on PSSCH-RSRP measurement accuracy of Rel-14 UEs

•
MPR for Rel-15 UEs

•
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)


In RAN4#84bis, the impact on PSSCH-RSRP measurement accuracy and advanced receiver performance were discussed. There was no conclusion, and two WFs documents were proposed. The WF [3] on PSSCH-RSRP measurement accuracy was not approved due to time limit, but the contents were ok to the group. The WF [4] on advanced receiver performance was approved.

Based on the WFs, in this paper, we will provide our views on transmitting diversity over PC5.
2 Discussion 
2.1 PSSCH-RSRP measurement accuracy
In previous meeting, there were discussions on the V2X PSSCH-RSRP measurement accuracy impact on COM algorithm of Rel-15 TxD. The WF on further evaluation of this issue was discussed [3] with details as follows
· Side condition for the simulation:
· Measurement bandwidth for PSSCH-RSRP: 3 resource blocks
· PSSCH_Ec/Iot: 0 dB, 5 dB, 10 dB, 20dB
· Companies are encourage to bring more analysis on the impact of R15 TxD, the following factors are encouraged to taking into account:
· Different DMRS design impact
· e.g., Different cycle shift for different antenna port,
· the sequence in the second ports is half symbol cyclic shifted of the R14 DMRS sequence.
· or different root sequence for different antenna port 
· the sequence in the second ports is another ZC sequence derived from the id of the R14 DMRS sequence.
· and other examples are not precluded
· Clarification: the intention is not to compare performance of different RSRP estimators

In this section, we made the evaluations for the PSSCH-RSRP measurement accuracy impact of Rel-15 non-transparent 2-port DMRS with COM algorithms described in [3]. The evaluation are made for multiple potential non-transparent 2-port DMRS design, including 
· CDM DMRS with half cyclic shift

· Comb FDM DMRS (i.e. the even and odd numbered DMRS subcarriers used for the two ports respectively)
· CDM DMRS with different root indexes
· CDM DMRS with SFBC encoding for DMRS [5]

In the COM algorithm, the channel response in frequency is firstly converted to the delay domain with IDFT transform to get the channel impulse response (CIR). The IDFT transform length is equal to or multiple of the length of DMRS sequence. The oversampling with multiple times of DMRS sequence length for IDFT can improve the resolution of the CIR taps and in principle it could benefit the noise/interference filtering with the COM algorithm. Another point to be noted is that after the strongest tap is found and its position (Imax) is used as reference point, the indexing of the taps around (i.e. on both sides of) the strongest tap shall be continuous in the calculation of the center of mass. The reason is that the strongest path may be leaked and expanded to nearby positions thus in essence they act as an integral section and shall not be divided to separate independent parts. To this end, it is reasonable to take the reference position of Imax as 0 and its both sides are indexed as minus and positive indexes, respectively. 

The simulation results are shown in Figure 1~4 below. 
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Figure 1: RSRP error results for DMRS with half CS
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Figure 2: RSRP error results for CDM DMRS with different root index u
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Figure 3: RSRP error results for Comb FDM DMRS
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Figure 4: RSRP error results for SFBCed DMRS 

Note: In above figures, the left is for non-oversampling case and the right is for oversampling case with factor 2.
Observation 1: For CDM DMRS with half CS and Comb FDM DMRS, the COM algorithm without oversampling leads to large RSRP errors, while with COM algorithm with oversampling, there are small RSRP errors with average error smaller than 3dB. 
Observation 2: For CDM DMRS with different root u and CDM DMRS with SFBC encoding, the COM algorithm brings moderate RSRP errors with average error 3dB for high SNRs, irrespective of oversampling rate in COM.

2.2 PSSCH receiving performance
In the previous meeting, there were a lot of discussions on the impact of Rel-15 TxD transmissions on the legacy UEs with advanced receivers. The WF on further evaluation of this issue was agreed with details as follows [4]
· Interference scenarios
· Single-port transmission 
· Non-transparent Two-port diversity
· Number of interferers
· Single dominant interferer
· INR1 = 0, 5, 10, [15] dB
· Two dominant interferers
· INR1 = 0, 5, 10 dB
· INR1 = INR2 + 3dB
· Other options are not precluded
· Companies are encouraged to bring analysis on number of interferers and its corresponding interference level distribution for V2X scenarios
· Advanced receiver structure
· LMMSE-IRC
· RAN4 group prioritizes the study on the impact of Rel-14 UE
· Other options are not precluded
· Propagation condition
· EVA1500
· EVA180
· Other options are not precluded
· Other parameters

· Reuse V2X PSSCH test parameters in Section 14.2
In this section, we made some further evaluations on this issue. The simulation results are shown in Figure 5~8. The simulation conditions are in line with the statements in [4] except that the V2X transmission is one-TTI transmission without retransmission. 
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Figure 5: Results for EVA180 with one interferer
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Figure 6: Results for EVA1500 with one interferer
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Figure 7: Results for EVA180 with two interferers
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Figure 8: Results for EVA1500 with two interferers

Observation 3: With MMSE-IRC receiver by legacy UEs, SFBC has larger impact than the Rel-14 interference on the legacy UE link performance for the case with low mobility and single interferer (with performance difference of about 1.0~2.4dB depending on INR). 
Observation 4: With increase of interferer number or UE mobility, the larger impact of SFBC decreases rapidly and SFBC has similar impact as R14 interference.
3 Conclusions 

In this paper, we provided further analysis on the impact of TxD on PSSCH-RSRP measurement and advanced receiver performance. We have the following observations.
Observation 1: For CDM DMRS with half CS and Comb FDM DMRS, the COM algorithm without oversampling leads to large RSRP errors, while with COM algorithm with oversampling, there are small RSRP errors with average error smaller than 3dB. 
Observation 2: For CDM DMRS with different root u and CDM DMRS with SFBC encoding, the COM algorithm brings moderate RSRP errors with average error 3dB for high SNRs, irrespective of oversampling rate in COM.

Observation 3: With MMSE-IRC receiver by legacy UEs, SFBC has larger impact than the Rel-14 interference on the legacy UE link performance for the case with low mobility and single interferer (with performance difference of about 1.0~2.4dB depending on INR). 
Observation 4: With increase of interferer number or UE mobility, the larger impact of SFBC decreases rapidly and SFBC has similar impact as R14 interference.
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Annex 1
The simulation assumptions for PSSCH-RSRP accuracy (Figure 1~4) are listed in Table A-1.

Table A-1: Evaluation conditions for PSSCH-RSRP measurement accuracy
	Parameters
	Values

	Carrier frequency
	6.0 GHz

	Bandwidth
	10MHz

	Measurement bandwidth for PSSCH-RSRP
	3 PRBs

	Antenna configurations
	2 TX antennas (for the non-transparent 2-ports) and 2 RX antennas

	Timing offset
	1us

	Frequency offset
	1.2kHz

	Fast fading channel model
	EVA with Doppler 1530Hz

	RSRP calculation method
	Half-symbol based timing/frequency synchronization

COM algorithm for RSRP calculation [1]

Note 1: in converting CFR to CIR, oversampling factor of 1 and 2 is used (i.e. IDFT of 36 and 72 are used given measurement bandwidth of 3 PRBs.

Note 2: In COM algorithm [1], the strongest path position Imax is used as reference point (indexed by zero) and the path positions on both sides of the strongest path (in cyclic view) are indexed positively and negatively, respectively, due to reasons that the strongest path energy partially leaks to both sides.   


Annex 2

The simulation assumptions for PSSCH receiving performance in interference-limited scenarios (Figure 5~8) are shown in Table A-2.

Table A-2: Evaluation conditions for PSSCH receiving performance
	Parameters
	Values

	Carrier frequency
	6.0 GHz

	Bandwidth
	10MHz

	V2V packet TBS
	208 bits

	Resource allocation
	3 PRBs, Single transmission

	MCS
	QPSK

	Transmit diversity for interfering transmitter 
	R14 single-antenna transmission

SFBC

	DMRS for interfering transmitter
	For SFBC, CDM-CS DMRS used with the legacy DMRS sequence on the first port.

Useful signal DMRS and interfering DMRS have different root indexes

	Antenna configurations
	For Rel-14 UEs, 1x2
For Rel-15 UEs, 2x2

	Channel model
	EVA1500 and EVA180

	Timing offsets
	CP/2-12Ts

	Frequency offsets
	U[-600Hz,600Hz] between V2X transmitter and receiver

	INR dB
	INR=0,5,10dB for single interferer

INR1=0,5,10dB and INR1=INR2+3dB for two interferers

	Channel estimation method
	Practical, including
Half-symbol based timing/frequency synchronization,

LMMSE channel estimation in frequency and linear interpolation in time

	Data detection
	MMSE-IRC


