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1	Introduction 
One of the objectives of the “V2X phase 2 based on LTE” work item is to study the feasibility and gains of PC5 operation with transmit diversity‎ with details as follows [1]. 

2. 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].
In RAN1#90, the potential transmit diversity schemes and evaluation results were discussed and the following working assumption were reached [2].
Working Assumption (may be revisited based on RAN4 response):
· 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 paper, we discuss the evaluation results for some candidate transmit diversity schemes with non-transparent two antenna ports. These transmit diversity schemes are discussed in detail in a companion paper [3].

2	Transmit diversity schemes
For PSCCH, a transparent transmit diversity scheme shall be used in order to be decoded by the legacy Rel-14 UEs. As per discussions at a previous RAN1 meetings, small-delay CDD could be used for PSCCH as transparent transmit diversity scheme. The small-delay CDD was evaluated for PSCCH in previous meeting and discussed that it could be specified as transmit diversity for PSCCH.
For PSSCH, as shown above, it was agreed as working assumption that RAN1 assumes the use of two-port non-transparent transmit diversity for designing PSSCH and details of transmit diversity schemes are FFS. The companion paper [3] discusses the potential two-port non-transparent transmit diversity schemes, including STBC, SFBC, PVS-T and Comb-data diversity. These transmit diversity schemes are evaluated in this paper as shown in next section. 


3	Link level evaluation results
As discussed above, four candidate transmit diversity schemes are evaluated for PSSCH, i.e. STBC, SFBC, PVS-T and Comb-data diversity. The link level evaluation results of these transmit diversity schemes are introduced in this section. Two parts of the link level evaluation results are provided: evaluation results in noise-limited scenarios and results in interference-limited scenario, which are discussed in the following subsections respectively. 

3.1 Noise-limited evaluation results
The evaluation conditions for PSSCH with transmit diversity in noise-limited scenarios are shown in Table 1 in appendix A. The evaluation results are shown in Figure 1 for QPSK (30/280/500kmph) and 16QAM (30kmph) respectively. 
From the PSSCH evaluation results in noise-limited scenarios, we can get the following observations
Observation 1: SFBC achieves the best link performances with diversity gains of about 3~4dB (at BLER of 0.01) compared with single antenna transmissions. 
Observation 2: STBC and PVS-T achieve diversity gains at low mobility, while their performances degrade at high mobility. Comb-data diversity achieves diversity gains both at low mobility and high mobility.
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(a)   QPSK, 30kmph                                                     (b) QPSK, 280kmph

[image: ] [image: ]
(c) QPSK, 500kmph                                                           (d) 16QAM, 30kmph

Figure 1: PSSCH evaluation results

3.2 Interference-limited evaluation results
The evaluations in interference-limited case introduced in this subsection aim to clarify the concerns of the potential impact of transmit diversity PSSCH transmissions on the receiving performance of the legacy Rel-14 UEs as the Rel-15 PSSCH transmissions may co-exist with Rel-14 PSSCH in the same resource pool. In the simulations, the transmit diversity schemes of SFBC and Comb-data diversity are evaluated and compared with the single-port PSSCH interference. In principle, STBC and PVS-T have similar impact as SFBC and Comb-data diversity, respectively to the legacy UEs. Thus they are not evaluated in the simulations.  
As per discussions in previous meetings, in the simulations the useful signal transmitter and the receiver are assumed to be both Rel-14 UEs and there is one or more interfering transmissions of PSSCH with transmit diversity. The useful PSSCH signal power to noise power ratio is set to 25dB and the performance metric is BLER vs. SINR. 
As agreed in RAN1#89, MMSE-MRC receiving algorithm is the baseline for Rel-14 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 evaluation conditions are listed in Table 2 in appendix A. The evaluation results are shown in Figure 2 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. 
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 or Comb-date diversity has almost the same impact as Rel-14 interfering PSSCH transmissions on receiving performance of Rel-14 UEs independent of single interferer or multiple interferers. 
Observation 4: With MMSE-IRC, the impact of the interference of SFBC, Comb-data diversity and Rel-14 PSSCH on the legacy UE performance becomes smaller in turn in case of single dominate interferer. With increase of interferer number, the performance gap between different interference types become much smaller. 
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(a) Single interferer                                         (b) Two interferers
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(c) Four interferers
Figure 2: Interference-limited results (interference to legacy UE), QPSK, 30kmph

4	Evaluations of potential RSRP loss on legacy UEs 
As discussed in the companion paper [3], there are two possible DMRS designs for non-transparent two antenna ports, i.e. CDM DMRS with cyclic shifting and FDM DMRS with comb multiplexing for two antennas. It is noted that for CDM DMRS design, there is at least 3dB PSSCH-RSRP measurement loss for the legacy UEs and the potential impact of the 3dB loss on the sensing and resource (re)selection procedures of legacy UE in mode 4 is a technical concern and need to be clarified. To this end, some system level simulations are made to evaluate the possible impact of the 3dB PSSCH-RSRP measurement loss on the legacy UE performance. 
The system level simulations are made for scenarios of freeway and urban at speed of 70kmph and 15kmph respectively. In the simulations with mixed UEs, half of the vehicle UEs are legacy UEs and the other half are UEs that transmit PSSCH with diversity scheme of SFBC. The performance metric is the average PRR for the packets transmitted by the legacy UEs, as the purpose is to evaluate the impact of RSRP loss on legacy UEs. The simulation conditions are listed in table 3 in appendix and the simulation results are shown in Figure 3. Note that in the figure, the curve with legend “w/o RSRP loss” corresponds to the case that the full PSSCH-RSRP value is ideally measured by the legacy UE. This ideal case is only for purpose of comparison. 
From the simulation results, the following observation can be obtained:

Observation 5: For non-transparent two-port with CDM DMRS, there is at least 3dB PSSCH-RSRP measurement loss for legacy UEs. The system evaluations showed that the 3dB PSSCH-RSRP measurement loss has little impact on the performance of legacy UEs that uses sensing based resource (re)selection. 
The potential reasons may be that the PSSCH-RSRP only impacts the resource exclusion operations for the candidate resource set and the more significant resource ranking and reporting of the available resources is based on the S-RSSI measurements which have no potential problems with the CDM DMRS design.
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Figure 3: evaluations of potential impact of RSRP loss on legacy UEs

5	Conclusion
In this paper, the evaluation results for PSSCH with some candidate non-transparent two-port transmit diversity schemes are presented. Based on the evaluation results, the following observations are obtained. 

Observation 1: SFBC achieves the best link performances with diversity gains of about 3~4dB (at BLER of 0.01) compared with single antenna transmissions. 
Observation 2: STBC and PVS-T achieve diversity gains at low mobility, while their performances degrade at high mobility. Comb-data diversity achieves diversity gains both at low mobility and high mobility.
Observation 3: In the interference-limited case, with the baseline MMSE-MRC receiver the PSSCH with transmit diversity of SFBC or Comb-date diversity has almost the same impact as Rel-14 interfering PSSCH transmissions on receiving performance of Rel-14 UEs independent of single interferer or multiple interferers. 
Observation 4: With MMSE-IRC, the impact of the interference of SFBC, Comb-data diversity and Rel-14 PSSCH on the legacy UE performance becomes smaller in turn in case of single dominate interferer. With increase of interferer number, the performance gap between different interference types become much smaller. 
Observation 5: For non-transparent two-port with CDM DMRS, there is at least 3dB PSSCH-RSRP measurement loss for legacy UEs. The system evaluations showed that the 3dB PSSCH-RSRP measurement loss has little impact on the performance of legacy UEs that uses sensing based resource (re)selection.
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Appendix A
In this section, we provide simulation parameter setting of the link level simulations in this paper.

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

	Carrier frequency
	6.0 GHz

	Bandwidth
	10MHz

	V2V packet size
	300 bytes

	Resource allocation
	20 PRBs for QPSK, 12 PRBs for 16QAM 
Single transmission

	MCS
	QPSK, 16QAM

	Transmit diversity 
	STBC (with the first symbol as orphan)
SFBC, PVS-T and Comb-data diversity
Refer to [3] for details.

	DMRS
	For STBC/SFBC/PVS-T, CDM with legacy DMRS sequence on first port and the cyclically shifted sequence on the second port
For Comb-data diversity, FDM DMRS with Comb multiplexing for two antennas

	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, 280kmph and 500kmph

	Frequency offsets
	Fixed 1.8kHz

	Initial timing offset
	1us

	Channel estimation method
	Practical, including
Half-symbol based timing/frequency synchronization,
LMMSE channel estimation in frequency and linear interpolation in time

	Data detection
	Alamouti decoding for SFBC and STBC, MMSE-MRC for PVS-T, Comb-data diversity (w. equivalent combined channel) and single-antenna transmission.









Table 2: 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 
	Rel-14 single-antenna transmission
SFBC and Comb-data diversity

	DMRS for interfering transmitter
	For SFBC, CDM DMRS used with the legacy DMRS sequence on the first port.
For Comb-data diversity, Comb FDM DMRS
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.  



[bookmark: _Ref489487020]Table 3: System Level Evaluation conditions
	Parameters
	Values

	Deployment scenario
	R14 V2V methodology freeway and urban
Vehicle speed = 70 km/h for freeway and 15kmph for urban
MTAD = 2.5s

	Traffic model
	4 x 190 byte + 1 x 300 byte; 100 ms period

	Number of packet TTIs
	1

	TTI structure
	LTE Rel-14 legacy TTI structure

	adjacencyPSCCH-PSSCH 
	Non-adjacent

	Frequency resource allocation for PSSCH
	20 PRBs

	Resource pool for PSSCH
	40 PRBs

	Resource (re)selection
	R14 sensing-based resource (re)selection procedure with the following parameters: 
n1=4, n2=20, Cresel=1, probResourceKeep=0.8

	Detection method of legacy UEs
	MMSE-MRC
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