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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 RAN1-91, the following agreement was reached [2]. 
Agreement
· Assuming the previous WA of introducing non-transparent transmit diversity is confirmed, for two-port non-transparent transmit diversity for PSSCH, downselect option 1 as WA among the following candidate schemes 
· Working assumption: Option 1: SFBC-based scheme (including PAPR preserving)
· FFS whether to apply slot-level PVS 
· Option 2: STBC-based (including half symbol)

In this paper, we discussed the evaluations for the candidate transmit diversity schemes, including the SFBC-based transmit diversity schemes (i.e. WA of option 1 in the agreement) and SD-CDD for PSSCH which may complement the non-transparent 2-port transmit diversity schemes. In particular, we evaluated and compared the two SFBC-based schemes one over adjacent subcarriers and the other over non-adjacent subcarriers. Additionally, some system level simulations were made to evaluate the impact of the PSSCH-RSRP loss on the system performance. 

2	Transmit diversity schemes
This paper focuses on the evaluation of the non-transparent 2-port SFBC-based transmit diversity schemes (i.e. the agreed WA of option 1). In particular, this paper evaluated and compared two SFBC-based schemes: one over adjacent subcarriers and the other over non-adjacent subcarriers. The details of the two SFBC-based schemes are described in the companion paper [3]. In addition, the SD-CDD for PSSCH, which has complementary properties with the SFBC-based schemes, is also evaluated in this paper, focusing on the potential issues of the impact of the SD-CDD for DMRS on the time/frequency synchronization operations at the receivers. 


3	Link level evaluation results
This section provides the link level evaluation results for the candidate transmit diversity schemes of SFBC-based schemes and SD-CDD scheme which are described in the two subsections as follows. 

3.1 Evaluations of SFBC-based schemes for PSSCH
 Link level simulations were made to compare the two SFBC-based schemes. The evaluation results in the noise-limited scenario are shown in Figure 1 and Figure 2, corresponding to fading channels of UMi NLOS and ETU respectively. In each case, two relative speeds are evaluated including 30kmph and 280kmph. The purpose of using two fading channels is to evaluate the impact of different frequency selectivity on the link performance of the two SFBC-based schemes (ETU has larger delays than UMi channel). In the simulations, the low-complexity Alamouti combination detection was used for the SFBC over adjacent subcarriers while for SFBC over nonadjacent subcarriers, two detection methods are evaluated the low-complexity Alamouti detection and the MMSE detection which has much larger complexity than the Alamouti detection method. 
The evaluation results of the two SFBC-based schemes in interference-limited scenarios are shown in Figure 3. In the simulations, fading channel UMi NLOS at 30kmph was used and the useful signal faces noise plus interference which used the same TxD scheme as the target transmitter. The interference-to-noise ratio (INR) was fixed to 6dB in the simulations. At the receiver, the advanced MMSE-IRC was used to make the data detection. The simulation conditions are listed in appendix.
From the simulation results, we can get the following observations:
Observation 1:  SFBC over adjacent subcarriers can work well with the Alamouti detection while the performance of SFBC over nonadjacent subcarriers degrades severely with this detection method. 
Observation 2: SFBC over adjacent subcarriers outperforms SFBC scheme over nonadjacent subcarriers by about 1.0~1.5dB even if the former uses the low-complexity Alamouti detection while the latter uses MMSE detection. 
Observation 3: In the interference-limited case, the SFBC scheme over adjacent subcarriers could enable the use of advanced MMSE-IRC for interference suppression while SFBC scheme over nonadjacent subcarriers suffers relatively large performance loss (about 2.5dB). 

From the above observations, as the link performance loss of SFBC over nonadjacent subcarriers compared with that over adjacent subcarriers is generally much larger than the MPR of the SFBC scheme over adjacent subcarriers (about 0.5dB as per RAN4 LS reply[4]), we have the following proposal
Proposal 1: For the two SFBC-based schemes, preference is given to the SFBC scheme over adjacent subcarriers. 
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Figure 1: Evaluation results of SFBC-based schemes with UMi NLOS channel (noise-limited)
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Figure 2: Evaluation results of SFBC-based schemes with ETU channel (noise-limited)
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Figure 3: Evaluation results of SFBC-based schemes in interference-limited scenario with MMSE-IRC


3.2 Evaluations of SD-CDD for PSSCH

As shown in the LS reply on the transmit diversity from RAN4, the non-transparent two-port transmit diversity may have significant impact on Rel-14 UEs with the advanced MMSE-IRC under some specific scenarios, e.g. low speed and the 2-port transmit diversity signals as dominant interferer with relatively high INR. Thus, the non-transparent two-port transmit diversity could be applied only conditionally and the single-port transmit diversity SD-CDD could be used to complement the non-transparent two-port transmit scheme considering that they have complementary advantages and disadvantages (i.e. SD-CDD has smaller diversity gains but has little impact on Rel-14 UE in terms of PSSCH-RSRP measurement and detection in interference-limited scenarios with advanced detection method). 
One potential issue that should be noted is the potential impact of the SD-CDD for DMRS on the time/frequency synchronization operations at the receivers. To clarify this issue and explore the enhanced synchronization method for SD-CDD, we made some link level simulations with the evaluation results shown in Figure 4. In the simulations, two SD-CDD delay values are tested i.e. 1us and 2us. Except the legacy synchronization method (i.e. the half-symbol based timing/frequency synchronization based on the known DMRS sequence), an enhanced synchronization method was also tested. In this enhanced method, the DMRS sequence together with the SD-CDD delay information are assumed to be known at the receiver, such that the receiver could reconstruct the two DMRS waveforms respectively corresponding to the two transmit antennas and use them in the timing and frequency synchronization procedure. 
From the evaluation results, we can get the following observation
Observation 4: For SD-CDD PSSCH transmission with relatively large delay (e.g. 2us), the performance of the legacy synchronization method is degraded severely. In case of relatively small delay value (e.g. 1us), the enhanced synchronization method could improve the link performance by about 1.0~2.0dB compared with the legacy synchronization method.  
Motivated by this observations and the diversity gains of SD-CDD PSSCH with the enhanced synchronization method, the link performance could be effectively enhanced for the new UEs by making the SD-CDD relevant information (i.e. whether to use the SD-CDD and the associated delay information) known at the receiver e.g. through control signaling. 
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Figure 4: Evaluation results of SD-CDD for PSSCH


4	Evaluations of potential RSRP loss on legacy UEs 
As indicated in the LS replay from RAN4 [4], there may be 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 5. 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 5: evaluations of potential impact of RSRP loss on legacy UEs

5	Conclusion
In this paper, the evaluation results for PSSCH with SFBC-based transmit diversity schemes and SD-CDD transmit diversity schemes are presented. Based on the evaluation results, the following observations and proposal are obtained. 

Observation 1:  SFBC over adjacent subcarriers can work well with the Alamouti detection while the performance of SFBC over nonadjacent subcarriers degrades severely with this detection method. 
Observation 2: SFBC over adjacent subcarriers outperforms SFBC scheme over nonadjacent subcarriers by about 1.0~1.5dB even if the former uses the low-complexity Alamouti detection while the latter uses MMSE detection. 
Observation 3: In the interference-limited case, the SFBC scheme over adjacent subcarriers could enable the use of advanced MMSE-IRC for interference suppression while SFBC scheme over nonadjacent subcarriers suffers relatively large performance loss (about 2.5dB). 
Observation 4: For SD-CDD PSSCH transmission with relatively large delay (e.g. 2us), the performance of the legacy synchronization method is degraded severely. In case of relatively small delay value (e.g. 1us), the enhanced synchronization method could improve the link performance by about 1.0~2.0dB compared with the legacy synchronization method.
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. 

Proposal 1: For the two SFBC-based schemes, preference is given to the SFBC scheme over adjacent subcarriers. 
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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 (Fig.1/2/4)
	Parameters
	Values

	Carrier frequency
	6.0 GHz

	Bandwidth
	10MHz

	V2V packet size
	300 bytes

	Resource allocation
	20 PRBs for QPSK
Single transmission (RV0)

	Transmit diversity 
	SFBC-based scheme over adjacent or nonadjacent subcarriers, SD-CDD for PSSCH
Refer to [3] for details.

	DMRS
	CDM-CS DMRS (which has close performance as FDM DMRS and DMRS with SFBC encoding)

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

	Channel model
	ITU UMi NLOS with relative 30kmph and 280kmph
ETU channel with relative 30kmph

	Frequency offsets
	Fixed 1.8kHz

	Initial timing offset
	1us

	Channel estimation method
	Practical, including
Enhanced half-symbol based timing/frequency synchronization (Fig.1/2/4) and legacy half-symbol based synchronization (Fig. 4). 
LMMSE channel estimation in frequency and linear interpolation in time

	Data detection
	Alamouti detection for SFBC over adjacent subcarriers
Alamouti detection and MMSE detection for SFBC over nonadjacent subcarriers









Table 2: Evaluation conditions for PSSCH in interference-limited scenario (Fig.3)
	Parameters
	Values

	Carrier frequency
	6.0 GHz

	Bandwidth
	10MHz

	V2V packet size
	300 bytes *

	Resource allocation
	20 PRBs for QPSK, Single transmission *

	Transmit diversity for useful and interfering transmitters
	SFBC-based scheme over adjacent or nonadjacent subcarriers

	DMRS for useful and interfering transmitters
	DMRS with SFBC encoding, different DMRS root indexes for useful and interfering signals

	Antenna configurations
	2 TX antenna and 2 RX antennas

	Channel model
	ITU UMi NLOS with relative 30kmph

	Timing and frequency offsets
	0 and ideal synchronization assumed

	Channel estimation method
	LMMSE channel estimation in frequency and linear interpolation in time

	Data detection
	MMSE-IRC



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



[bookmark: _Ref489487020]Table 3: System Level Evaluation conditions (Fig.5)
	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: 
T1=4, T2=20, Cresel=1, probResourceKeep=0.8

	Detection method of legacy UEs
	MMSE-MRC
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