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At the RAN1 #90 meeting, the following working assumptions [1] for transmit diversity was reached:
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
At the RAN1 #91 the following agreements [2] for TxD on PSSCH were reached:
· 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)
At the RAN1 #90bis the following agreements [3] for TxD on PSCCH were 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 discuss evaluation results for transmit diversity for both PSSCH and PSCCH. 
Evaluation results for PSSCH
Impact of DMRS design
Figure 1 shows two options for DMRS designs:
· Option 1 (proposed): The two antenna ports alternately transmit Rel-14 DMRS sequence on the four DMRS symbols in a TTI.
· Option 2: one of the two antenna ports transmits Rel-14 DMRS sequence in all the four DMRS symbols in a TTI.
A Rel-14 UE can obtain the average received power contribution of the two antenna ports with Option 1, but can only obtain the received power contribution of one specific antenna port of the two antenna ports with Option 2. Hence, the measurement degradation is 3dB with Option 1 but is theoretically unbounded with Option 2. A detailed discussion and detailed designs are provided in companion contribution [4].
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	(a) Option 1(proposed)
	(b) Option 2


Figure 1. DMRS designs
Figure 2 shows the RSRP measurement performance of Rel-14 UEs. It can be observed that:
· Option 1 is 3dB lower than single antenna port transmission case (as expected).
· With Option 2, the PSSCH-RSRP measurement degradation is much worse than Option 1 with a small number of UE with very large delta RSRP (as expected).
· Compared with Option 2, Option 1 significantly improves PSSCH-RSRP measurement accuracy.
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	(a) Option 1
	(b) Option 2


Figure 2. RSRP measurement performance of Rel-14 UEs.
Observation 1:
· If two antenna ports alternately transmit Rel-14 DMRS sequence on the four DMRS symbols in a TTI (Option 1), Rel-14 UE RSRP measurement degradation will be 3dB;
· If one of the two antenna ports transmits Rel-14 DMRS sequence in all the four DMRS symbols in a TTI (Option 2), Rel-14 UE RSRP measurement degradation will be unbounded.
· Compared with Option 2, Option 1 significantly improved PSSCH-RSRP measurement accuracy.
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	(a) Highway 70km/h
	(b) Urban 60km/h





Figure 3. Rel-14 UE performance degradation.
Figure 3 shows the PRR of Rel-14 UE to Rel-14 UE in case of  100% Rel-14 UEs and 50% Rel-14 UEs + 50% Rel-15 UEs for the highway 70km/h and urban 60km/h scenarios, assuming a 3dB Rel-14 UE to Rel-15 UE RSRP measurement degradation. The results show that 3 dB RSRP measurement degradation has limited impact on Rel-14 UE PRR performance.
Observation 2: 3 dB RSRP measurement degradation has limited impact on Rel-14 UE PRR performance.

Performance of Rel-15 UE 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 Appendix A. 
Figure 4 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 extremely high speeds, SFBC and STBC schemes have similar performance and perform better than the single transmitter case.
However, with high order modulation or high speed, the situation is quite different: Figure 5 and Figure 6 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. 
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, thus SFBC is recommended for PSSCH in [4].
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	(a) 30km/h
	(b) 280km/h
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	(c) 500km/h


Figure 4. TxD performance of PSSCH with QPSK modulation*
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	(a) 30km/h
	(b) 280km/h


Figure 5. TxD performance of PSSCH with 16QAM modulation**
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	30km/h


Figure 6. 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.
Observation 3: 
· STBC and SFBC outperform the single antenna scheme
· SFBC performs better than STBC for high order modulation and for high speed
Evaluation results for PSCCH
Figure 7 compares the link level performance of PSCCH with 1us cyclic delay and without small delay CDD at low, high and extremely high speed. It can be observed that, PSCCH with 1us cyclic delay has better performance at low and high speed, and similar performance at extremely high speed.
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	(a) 30km/h
	(b) 280km/h
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	(c) 500km/h


Figure 7. PSCCH performance with various antenna schemes
Observation 4: Compared with single antenna, small delay CDD with 1us cyclic delay has better performance at low and high speed and similar performance at extremely high speed for PSCCH.
[bookmark: _Ref129681832]Conclusions
For transmit diversity evaluation for both PSSCH and PSCCH, our observations are as follows:
Observation 1:
· If two antenna ports alternately transmit Rel-14 DMRS sequence on the four DMRS symbols in a TTI (Option 1), Rel-14 UE RSRP measurement degradation will be 3dB;
· If one of the two antenna ports transmits Rel-14 DMRS sequence in all the four DMRS symbols in a TTI (Option 2), Rel-14 UE RSRP measurement degradation will be unbounded.
· Compared with Option 2, Option 1 significantly improved PSSCH-RSRP measurement accuracy.
Observation 2: 3 dB RSRP measurement degradation has limited impact on Rel-14 UE PRR performance.
Observation 3: 
· STBC and SFBC outperform the single antenna scheme
· SFBC performs better than STBC for high order modulation and for high speed
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation 4: Compared with single antenna, small delay CDD with 1us cyclic delay has better performance at low and high speed and similar performance at extremely high speed for PSCCH.
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Appendix A: Simulation setting

Table 1 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, 140km/h, 250km/h

	CFO
	1800 Hz

	Timing error
	2 us

	Tx-Rx antenna configuration
	2x2, 1x2

	TxD schemes
	1) SFBC
2) STBC


	Receiver type 
	MMSE-MRC

	Frequency offset estimation
	Half-sequence correlation in time domain

	
	

	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}

	
	

	RSRP measurement parameters:

	Number of PRBs
	3

	Channel Model
	ETU70

	
	

	PSCCH parameters:

	TBS
	48bits (including 16bits CRC)

	Modulation
	QPSK

	PRB
	2

	
	



Table 5 Parameter setting of system level simulation
	Parameter
	Value

	Deployment scenario
	Freeway70 km/h, Urban 60km/h

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

	Resource selection
	100 ms selection window duration

	Number of packet TTIs
	2

	TTI structure
	LTE Rel-14 legacy TTI structure

	Frequency resource allocation
	Adjacent SCI and Data transmission

	Packet Tx parameters
	190 byte packet: QPSK, 12 PRBs
300 byte packet: QPSK, 16 PRBs

	Receiver type
	MMSE-MRC



Appendix B: Simulation results for 300Bytes
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	(a) 30km/h
	(b) 280km
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	(c) 500km/h


Figure 8 TxD performance of PSSCH with QPSK modulation

	[image: ]
	[image: ]

	(a) 30km
	(b) 280km


Figure 9 TxD performance of PSSCH with 16QAM modulation
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