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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At the RAN1 #92 meeting, the following conclusion for transmit diversity was reached:
· [bookmark: _GoBack]There is not consensus to confirm the working assumption to adopt non-transparent tx diversity, due to concerns on the impact on Rel-14 UEs with IRC receivers
· Can consider further at RAN1#92bis whether the same SD-CDD scheme as PSCCH can be applied to PSSCH. 
· FFS whether there is any spec impact (e.g. depending on choice of delay value(s))
· Check CDD performance at different UE speeds
· Evaluations should use practical CFO estimation
At the RAN1 #90bis the following agreement for TxD on PSCCH was reached:
· For PSCCH, small delay CDD can be used on PSCCH
· FFS whether the cyclic delay value is specified or left for UE implementation

In this contribution, we provide evaluation results for SD-CDD for both PSSCH and PSCCH.
Evaluation results
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. SD-CDD provides performance gains over the single antenna case at all speeds. The gain is higher at lower speed than at higher speed. With higher modulations, as Figure 2 and Figure 3 show, SD-CDD outperforms the single antenna case at low speed, but at higher speed, performance is somewhat similar, or can even be slightly worse in some conditions (e.g., 16-QAM at high speed). This suggests that SD-CDD parameters (shift) may need to be adjusted based on the radio and UE conditions.
[bookmark: OLE_LINK24][bookmark: OLE_LINK25]Observation 1: 
· SD-CDD provides significant performance gain, especially for low-order modulation and for low speeds
· At higher speed, the performance gains of SD-CDD vary, depending on the conditions
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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. 

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


[bookmark: _Ref129681832]Conclusions
The performance of various TxD schemes was evaluated. Based on the results, the following observations and proposals are drawn.
Observation 1: 
· SD-CDD provides significant performance gain, especially for low-order modulation and for low speeds
· At higher speed, the performance gains of SD-CDD vary, depending on the conditions
Observation 2: For PSCCH, small delay CDD can provide performance gain at low speed scenario.

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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