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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At the RAN1 #88bis meeting, the following agreement [1] for transmit diversity was reached:
· At least the following candidate TxD schemes for PSSCH transmission to be evaluated:
· Small delay CDD
· STBC (including half symbol STBC proposal in R1-1705002)
· SFBC
· PVS in time domain
· At least the following candidate TxD schemes for PSCCH transmission to be evaluated:
· Small delay CDD
· Note: other schemes are not precluded provided that they fulfill objective 2 of the WID
Details of the simulated TxD schemes are described in [2]. In this contribution, initial evaluation results of these TxD schemes are presented.
Evaluation results
In this section, the impact on Rel-14 UE is evaluated in the following scenarios:
· A Rel-14 UE interferer
· A Rel-15 UE interferer using TxD
In addition, the effect of TxD schemes on cubic metric (CM) is analyzed.
Performance of TxD schemes in AWGN scenario
The performance of different TxD schemes in AWGN scenario is evaluated in this section. For comparison, the performance of single antenna is also shown in the figures. The details of the simulation setting are listed in the Appendix. 
PSSCH
Figure 1 compares the performance of different TxD schemes and single transmitter scheme with QPSK modulation. At low speed, all TxD schemes have better performance than the single transmitter case due to diversity gain. At high and extreme high speeds, SFBC, STBC and small delay CDD schemes have similar performance and perform better than the single transmitter case. PVST underperforms the other schemes because there is no channel estimation interpolation between slots. 
However, with high order modulation or high speed, the situation is quite different: Figure 2 and Figure 3 compare the performance of different TxD schemes and single transmitter scheme with 16QAM and 64QAM modulation, respectively. They show that SFBC and STBC have better performance for different speeds and modulation cases. Small delay CDD performs significantly worse than SFBC and STBC for the 16QAM relatively high speed case and 64QAM case. 
The results show that SFBC and STBC are robust in all scenarios. Furthermore, SFBC performs better than STBC for high order modulation and for high speed, SFBC is recommended for PSSCH.
[bookmark: OLE_LINK24][bookmark: OLE_LINK25]Observation 1: 
· STBC and SFBC outperform other schemes, SFBC performs better than STBC for high order modulation and for high speed
· Small delay CDD performs well for QPSK but suffers performance degradation for higher order modulation and higher speed
· PVST has worse performance than small delay CDD, STBC, and SFBC
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Figure 1. TxD performance of PSSCH with QPSK modulation*
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Figure 2. TxD performance of PSSCH with 16QAM modulation**
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Figure 3. TxD performance of PSSCH with 64QAM modulation***
* Note: QPSK with coding rate 0.25 evaluated for 500km/h
** Note: 16QAM for 500km/h is not evaluated because only low MCSs can be used at 500km/h. 
*** Note: 64QAM is evaluated for low speed only, because 64QAM cannot be used at high speeds for single transmission. Detailed discussion is presented in contribution [2].

PSCCH
Figure 4 compares the performance of single transmitter and small delay CDD with 1µs delay. It shows that small delay CDD scheme has performance gain at low speed scenario because of diversity gain in time domain. However, for high to extreme high speed scenarios, small delay CDD does not provide additional gain and has similar performance as single antenna transmission. 
Observation 2: For PSCCH, small delay CDD can provide performance gain at low speed scenario.
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Figure 4. TxD performance of PSCCH

Performance of TxD schemes in interference scenario
The impact of interference on Rel-14 UE is evaluated in this section. The interfering UE is either a Rel-14 UE (with single transmitter) or Rel-15 UE (with Small Delay CDD scheme for PSCCH and STBC scheme for PSSCH) respectively. The details of the simulation setting are shown in the Appendix. 
Figure 5 and Figure 6 show the impact of interference on Rel-14 UEs PSCCH and PSSCH performance, respectively. For PSCCH, interferers from Rel-15 UEs lead to worse performance than interferers from Rel-14 UEs. The performance gap between Rel-14 interferer and Rel-15 interferer is about 1-2 dB for a BLER of 1%. For PSSCH, the performance is the same whether the interferer is a Rel-14 or Rel-15 UE. 
Observation 3: 
· For PSCCH: A Rel-14 UE interfered by a Rel-15 UE has a 1-2dB performance loss when interfered by a Rel-15 UE 
· For PSSCH: the performance of a Rel-14 UE is the same whether it is interfered by a Rel-14 or Rel-15 UE
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Figure 5. Impact of interference on Rel-14 UE’s PSCCH performance
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Figure 6. Impact of interference on Rel-14 UE’s PSSCH performance
Performance of RSRP measurement
Figure 7 shows the RSRP measurement performance of Rel-14 UE to 2 antenna ports TxD Rel-15 UE. The horizontal axis shows the ratio of measured RSRP to total RSRP. The DMRS of Rel-15 UEs are designed as:
· Option 1: The 2 antenna ports alternately transmit Rel-14 DMRS sequence on the 4 DMRS symbols in a TTI. The detailed design is shown in [3]
· Option 2: 1 of the 2 antenna ports transmits Rel-14 DMRS sequence in all the 4 DMRS symbols in a TTI.
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Figure 7. RSRP measurement performance of Rel-14 UE to 2 antenna ports TxD Rel-15 UE.
Observation 4:
· The Rel-14 UE RSRP measurement is 3dB lower for both Option 1 and Option 2
·  The standard deviation of Option 1 is lower than 5% in medium and low speed and lower than 10% in high and extremely high speed
· The standard deviation of Option 2 is 15%-20% in medium and low speed and 10%-15% in high and extremely high speed.
Cubic metric
Different TxD schemes are described in [3]. Some TxD schemes such as SFBC may break the single carrier property and significantly increase CM. The CM performance of different TxD schemes is evaluated in this section. 
The CM is defined as [4]

where  is the raw cubic metric,  , v(n) is a random sequence, rms denotes the root-mean-square, and K is an empirical constant and taken as 1.56 here. 
Table 1 gives the computed CM values at each antenna for various TxD schemes with QPSK and 16QAM modulations. The values are obtained based on the assumption that PSSCH and PSCCH are FDMed in the same subframe, which breaks single carrier property, and that the PSD of PSCCH is 3dB higher than PSSCH. It shows that the CM value of antenna #2 with SFBC increases by 0.6-0.7 dB for QPSK and 0.3-0.4 dB for 16QAM, respectively. The other TxD schemes do not increase CM compared with the single antenna scheme. 
Table 1 Computed CM Values
	TxD schemes
	Antenna
	QPSK
	16QAM
	64QAM

	
	
	12PRBs (dB)
	20PRBs (dB)
	6PRBs (dB)
	10PRBs (dB)
	30PRBs(dB)

	Single antenna
	Ant #1
	1.53
	1.34
	2.63
	2.39
	2.66

	SFBC
	Ant #1
	1.53
	1.34
	2.63
	2.39
	2.66

	
	Ant #2
	2.17
	2.05
	2.93
	2.79
	3.00

	STBC
	Ant #1/Ant#2
	1.53
	1.34
	2.63
	2.39
	2.66

	Small Delay CDD
	Ant #1/Ant#2
	1.53
	1.34
	2.63
	2.39
	2.66

	PVST
	Ant #1/Ant#2
	1.53
	1.34
	2.63
	2.39
	2.66



Observation 5: SFBC increases the CM by about 0.7 dB for QPSK, by about 0.4 dB for 16QAM and by about 0.3dB for 64QAM. Other TxD schemes do not affect the CM.

[bookmark: _Ref129681832]Conclusions
The performance of various TxD schemes is evaluated in the scenario of AWGN and interference respectively. In addition, the CM is also simulated. Based on the results, the following observations and proposals are given.
Observation 1: 
· STBC and SFBC outperform other schemes, SFBC performs better than STBC for high order modulation and for high speed
· Small delay CDD performs well for QPSK but suffers performance degradation for 16-QAM and higher speed
· PVST has worse performance than small delay CDD, STBC, and SFBC
[bookmark: _GoBack]Observation 2: For PSCCH, small delay CDD can provide performance gain at low speed scenario.
Observation 3: 
· For PSCCH: A Rel-14 UE interfered by a Rel-15 UE has a 1-2dB performance loss when interfered by a Rel-15 UE 
· For PSSCH: the performance of a Rel-14 UE is the same whether it is interfered by a Rel-14 or Rel-15 UE
Observation 4:
· The Rel-14 UE RSRP measurement is 3dB lower for both Option 1 and Option 2
·  The standard deviation of Option 1 is lower than 5% in medium and low speed and lower than 10% in high and extremely high speed
· The standard deviation of Option 2 is 15%-20% in medium and low speed and 10%-15% in high and extremely high speed.
Observation 5: SFBC increases the CM by about 0.7 dB for QPSK, by about 0.4 dB for 16QAM and by about 0.3dB for 64QAM. Other TxD schemes do not affect the CM.
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Appendix A: Simulation setting

Table 2 Parameter setting of link level simulation
	Parameter
	Value

	General parameters:

	Carrier frequency
	6 GHz

	System bandwidth
	10 MHz

	Channel Model
	ITU-R UMi NLOS

	Vehicle speed (absolute)
	15 km/h, 60km/h, 140km/h, 250km/h

	CFO
	1800 Hz

	Timing error
	2 us

	Tx-Rx antenna configuration
	2x2, 1x2

	TxD schemes
	1) SFBC
2) STBC
3) Small Delay CDD (with 1us delay)
4) PVST

	Receiver type 
	MMSE

	Frequency offset estimation
	Half-sequence correlation in time domain

	
	

	Interference scenarios: 

	Interference type
	{AWGN, Rel-14 UE, Rel-15 UE}

	SNR
	25dB

	SINR
	-8:24 dB

	
	

	PSSCH parameters:

	TBS
	300Bytes, 190Bytes, 1620Bytes

	Modulation and Coding rate

	15km/h: {QPSK 0.5 and 16QAM 0.5, 64QAM 0.6}
140km/h: {QPSK 0.5 and 16QAM 0.5}
250km/h: {QPSK 0.25 and 16QAM 0.25}

	
	

	PSCCH parameters:

	TBS
	48bits (including 16bits CRC)

	Modulation
	QPSK

	PRB
	2

	
	

	RSRP measurement parameters:

	Number of PRBs
	12



Appendix B: Simulation results for 190Bytes
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Figure 8 TxD performance of PSSCH with QPSK modulation
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Figure 9. TxD performance of PSSCH with 16QAM modulation
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Figure 10. Impact of interference on Rel-14 UE’s PSSCH performance
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