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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 this paper, we will provide our simulation results and related observations regarding the impacts of two-port non-transparent transmit diversity on PSSCH-RSRP measurement accuracy and PSSCH receiving performance. 
2 Discussion 
2.1 PSSCH-RSRP measurement accuracy
PSSCH-RSRP is used in UE autonomous resource selection/reselection, and resources with PSSCH-RSRP above a threshold will be excluded from the selection process. In RAN4 36.133, the measurement period is defined as one subframe, and measurement accuracy is defined in Table 9.10.3.1-1 as copied below. The requirements are applicable for AWGN channel, and conditioned on one-port DMRS.
Table 9.10.3.1-1: Intra-frequency PSSCH-RSRP absolute accuracy for UE capable of V2X sidelink communication

	Accuracy
	Conditions

	Normal condition
	Extreme condition
	Ês/Iot Note 4
	Io Note 1 range

	
	
	
	E-UTRA V2X operating band groups Note 3
	Minimum Io
	Maximum Io

	dB
	dB
	dB
	
	dBm/15kHz Note 2
	dBm/BWChannel
	dBm/BWChannel

	([5]
	([9.5]
	([0]dB
	TDD_G
	-118
	N/A
	-70

	
	
	
	
	
	
	

	([8.5]
	([11.5]
	([0] dB
	TDD_G
	N/A
	-70
	-50

	NOTE 1:
Io is assumed to have constant EPRE across the bandwidth.

NOTE 2:
The condition level is increased by ∆>0, when applicable, as described in Sections B.4.2 and B.4.3.

NOTE 3:
E-UTRA V2X operating band groups are as defined in Section 3.5 for the corresponding E-UTRA operating bands.


With two-port non-transparent transmit diversity, one obvious impact to PSSCH-RSRP measurement is that R14 UE only measures from one port, and assuming the total power from the transmitting UE is constant, the available power for measurement is halved, so the side condition of the measurement is changed. Another issue with two-port DMRS is the CDM, which might cause some issue to UE channel estimation in RSRP measurement.

In order to evaluate the impact of two-port non-transparent transmit diversity, we conducted link level simulations. The agreed simulation assumption in [3] is re-used, and listed in Table A1-1 in Annex 1. The simulation results are given in Table A1-2 to Table A1-5. 
In 36.133, the PSSCH-RSRP accuracy is defined for 0dB SINR side condition, as PSCCH is considered to be reliably decodable at 0dB. RAN1 has decided to employ transparent transmit diversity for PSCCH, and in our evaluation, PSCCH performance does not change much compared to R14, so we can still assume 0dB as the side condition for the two-port measurement, where the signal part is the sum power of the two ports.

In Table 1, we listed in the first two columns our simulation results for two-port DMRS with 0dB and 3dB SNR, which corresponds to -3dB and 0dB SNR in case of one-port DMRS. For comparison, in the last two columns in Table 1, we listed the one-port results from [4].

Table 1: Comparison between PSSCH-RSRP accuracy with one-port and two-port DMRS

	
	SNR=0 with two-port
	SNR=3 with two-port
	SNR=-3 with one-port
	SNR=0 with one-port

	AWGN
	1.2
	0.7
	1.8
	1.2

	ETU500
	1.6
	0.9
	1.5
	1.0

	EVA1350
	1.5
	0.9
	1.5
	1.0

	EVA2700
	1.4
	0.8
	1.8
	1.3


From Table 1 we have the following observations:
Observation 1: Compared to one-port DMRS, the degradation in PSSCH-RSRP accuracy measured on two-port DMRS is 0.5-0.7dB.

Observation 2: R14 UE can meet the accuracy requirements if PSSCH-RSRP is measured on a two-port DMRS.
2.2 PSSCH receiving performance
In this section, we provided our evaluation on PSSCH receiving performance in interference limited scenarios as requested in [2], in order to clarify the concerns of the potential impact of transmit diversity PSSCH transmissions on the receiving performance of the legacy R14 UEs as the R15 PSSCH transmissions with transmit diversity may co-exist with R14 PSSCH in the same resource pool. 

In the simulations, for the useful signal part, the transmitter and the receiver are assumed to be both R14 UEs and there is one or more interfering transmissions of PSSCH with transmit diversity from R15 UE(s). The useful PSSCH signal power to noise power ratio is set to 25dB and the performance metric is BLER vs. SINR. 

MMSE-MRC receiving algorithm is the baseline for R14 UEs. Additionally, we also provided evaluation results for advanced MMSE-IRC receiving algorithm. In the applied MMSE-IRC, the data detection is performed per PRB based on the estimated covariance matrix for interference plus noise. The estimation of covariance matrix is based on received DMRS, channel estimation of useful channel and the original useful DMRS signal. 

The detailed simulation assumption is listed in Table A2-1 in Annex 2. The evaluation results are shown in Figure 1 with figure (a), (b) and (c) corresponding to one, two and four interferers. In case of multiple interferers, it is assumed that different interfering signals have the same average received power. 
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(a) Single interferer
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(b) Two interferers
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(c) Four interferers

Figure 1: Interference-limited results (interference to legacy UE), QPSK, 30kmph

From the evaluation results, the following observations can be obtained:
Observation 3: In the interference-limited case, with the baseline MMSE-MRC receiver the PSSCH with transmit diversity of SFBC has almost the same impact as R14 interfering PSSCH transmissions on receiving performance of R14 UEs independent of single interferer or multiple interferers. 

Observation 4: With MMSE-IRC receivers, SFBC has larger impact than the R14 interference on the legacy UE performance, especially in case of single dominate interferer. With increase of interferer number, the larger impact of SFBC decreases rapidly and SFBC has similar impact as R14 interference.
3 Conclusions 

In this paper, provide our simulation results and related observations regarding the impacts of two-port non-transparent transmit diversity on PSSCH-RSRP measurement accuracy and PSSCH receiving performance.
Observation 1: Compared to one-port DMRS, the degradation in PSSCH-RSRP accuracy measured on two-port DMRS is 0.5-0.7dB.

Observation 2: R14 UE can meet the accuracy requirements if PSSCH-RSRP is measured on a two-port DMRS.
Observation 3: In the interference-limited case, with the baseline MMSE-MRC receiver the PSSCH with transmit diversity of SFBC has almost the same impact as R14 interfering PSSCH transmissions on receiving performance of R14 UEs independent of single interferer or multiple interferers. 

Observation 4: With MMSE-IRC receivers, SFBC has larger impact than the R14 interference on the legacy UE performance, especially in case of single dominate interferer. With increase of interferer number, the larger impact of SFBC decreases rapidly and SFBC has similar impact as R14 interference.
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5 Annex 1

The simulation assumption for PSSCH-RSRP measurement is listed in Table A1-1.
Table A1-1: Simulation assumptions for PSSCH-RSRP measurement accuracy

	Parameters
	Value
	Comments

	Frame structure type
	1
	TDD

	Measurement bandwidth for PSSCH-RSRP
	4 resource blocks
	Non-adjacent transmission

	System bandwidth
	50 resource blocks
	 

	L1 measurement
	1 shot measurement
	

	L3 filtering
	Disabled
	 

	Transmit antenna
	2
	Non-transparent two-port DMRS with CDM

	Receive antennas
	2
	Note that the measured value shall not be lower than the corresponding value of any of the individual diversity branches.

	Propagation conditions
	AWGN, ETU, EVA
	 

	Doppler Frequency: EVA and EPA
	500Hz(ETU), 1530Hz(EVA), 2700(EVA)
	 

	CP length
	Normal
	 

	Carrier frequency
	5.9GHz
	 

	Center Frequency Offset 
	Hz
	{0, 0.2ppm, 0.3ppm} 

	PSSCH_Ec/Iot
	-6:3:6 dB
	AWGN noise, SNR is ratio of two-port sum power to noise power.

PSSCH-RSRP measured only on first antenna port which uses legacy DMRS sequence, so effective SNR for first antenna port is 3dB less.



	


Table A1-2 PSSCH-RSRP accuracy for AWGN

	Frequency offset
	SNR dB
	5% CDF
	50% CDF
	95% CDF
	Absolute

	1.2kHz
	-6
	1.2
	2.3
	3.2
	3.2

	
	-3
	0.4
	1.2
	2.0
	2.0

	
	0
	-0.1
	0.6
	1.2
	1.2

	
	3
	-0.3
	0.2
	0.7
	0.7

	
	6
	-0.4
	0.0
	0.4
	0.4

	1.8kHz
	-6
	1.2
	2.3
	3.2
	3.2

	
	-3
	0.3
	1.2
	2.0
	2.0

	
	0
	-0.2
	0.5
	1.2
	1.2

	
	3
	-0.4
	0.2
	0.6
	0.7

	
	6
	-0.4
	0.0
	0.3
	0.4

	0kHz
	-6
	1.3
	2.3
	3.2
	3.2

	
	-3
	0.4
	1.3
	2.0
	2.0

	
	0
	-0.1
	0.6
	1.2
	1.2

	
	3
	-0.3
	0.3
	0.7
	0.7

	
	6
	-0.3
	0.1
	0.4
	0.4


Table A1-3 PSSCH-RSRP accuracy for ETU500 

	Frequency offset
	SNR dB
	5% CDF
	50% CDF
	95% CDF
	Absolute

	1.2kHz
	-6
	1.0
	2.4
	4.6
	4.6

	
	-3
	0.3
	1.3
	2.8
	2.8

	
	0
	-0.2
	0.6
	1.6
	1.6

	
	3
	-0.4
	0.2
	0.9
	0.9

	
	6
	-0.5
	0.0
	0.4
	0.5

	1.8kHz
	-6
	0.9
	2.4
	4.6
	4.6

	
	-3
	0.2
	1.3
	2.8
	2.8

	
	0
	-0.2
	0.6
	1.6
	1.6

	
	3
	-0.4
	0.2
	0.9
	0.9

	
	6
	-0.5
	-0.1
	0.4
	0.6

	0kHz
	-6
	0.9
	2.5
	4.6
	4.6

	
	-3
	0.2
	1.3
	2.9
	2.9

	
	0
	-0.2
	0.6
	1.6
	1.6

	
	3
	-0.4
	0.2
	0.9
	0.9

	
	6
	-0.5
	0.0
	0.4
	0.6


Table A1-4 PSSCH-RSRP accuracy for EVA1530

	Frequency offset
	SNR dB
	5% CDF
	50% CDF
	95% CDF
	Absolute

	1.2kHz
	-6
	1.1
	2.4
	4.0
	4.0

	
	-3
	0.3
	1.3
	2.5
	2.5

	
	0
	-0.1
	0.6
	1.5
	1.5

	
	3
	-0.3
	0.2
	0.8
	0.8

	
	6
	-0.4
	0.0
	0.5
	0.5

	1.8kHz
	-6
	1.0
	2.4
	4.1
	4.1

	
	-3
	0.3
	1.3
	2.5
	2.5

	
	0
	-0.1
	0.6
	1.5
	1.5

	
	3
	-0.3
	0.2
	0.9
	0.9

	
	6
	-0.4
	0.0
	0.5
	0.5

	0kHz
	-6
	1.1
	2.4
	4.0
	4.0

	
	-3
	0.3
	1.3
	2.5
	2.5

	
	0
	-0.1
	0.6
	1.5
	1.5

	
	3
	-0.3
	0.2
	0.9
	0.9

	
	6
	-0.3
	0.0
	0.5
	0.5


Table A1-5 PSSCH-RSRP accuracy for EVA2700

	 Frequency offset
	SNR dB
	5% CDF
	50% CDF
	95% CDF
	Absolute

	1.2kHz
	-6
	1.0
	2.3
	3.9
	3.9

	
	-3
	0.2
	1.2
	2.4
	2.4

	
	0
	-0.2
	0.5
	1.4
	1.4

	
	3
	-0.4
	0.1
	0.7
	0.8

	
	6
	-0.5
	-0.1
	0.4
	0.5

	1.8kHz
	-6
	1.0
	2.3
	4.0
	4.0

	
	-3
	0.2
	1.2
	2.5
	2.5

	
	0
	-0.3
	0.5
	1.5
	1.5

	
	3
	-0.5
	0.1
	0.8
	0.8

	
	6
	-0.5
	-0.1
	0.4
	0.6

	0kHz
	-6
	1.0
	2.4
	4.0
	4.0

	
	-3
	0.2
	1.2
	2.5
	2.5

	
	0
	-0.2
	0.5
	1.4
	1.4

	
	3
	-0.4
	0.1
	0.8
	0.8

	
	6
	-0.5
	-0.1
	0.4
	0.5


6 Annex 2

The simulation assumption for PSSCH receiving performance is listed in Table A2-1.

Table A2-1: Evaluation conditions for PSSCH in interference-limited scenario
	Parameters
	Values

	Carrier frequency
	6.0 GHz

	Bandwidth
	10MHz

	V2V packet size
	300 bytes *

	Resource allocation
	20 PRBs for QPSK, Single transmission *

	MCS
	QPSK *

	Transmit diversity for interfering transmitter 
	R14 single-antenna transmission

SFBC

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

Useful signal DMRS and interfering DMRS have different root indexes

	Antenna configurations
	2 TX antenna and 2 RX antennas, 1 TX antenna for comparison purpose

	Channel model
	ITU UMi NLOS with dual-mobility

	Velocity
	Relative velocities of 30kmph

	Timing and frequency offsets
	0 

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

LMMSE channel estimation in frequency and linear interpolation in time

	Data detection
	MMSE-MRC and MMSE-IRC


Note: * is for both useful signal and interfering signal.  
