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Introduction
RAN1 #88bis agreed on having initial simulation results for transmit diversity for V2X. The relevant agreements are as follows:
Agreement:
· 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
Note: other schemes are not precluded
Agreement:
· 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 fulfil objective 2 of the WID
In this contribution we present simulation results focusing on the small delay CDD scheme, both at link and system level. General discussions on transmit diversity are presented in our companion contribution [1].
We will first present link-level results for single transmitter cases in Section 2, then results for cases with one interferer in Section 3. Section 4 presents system-level results. The general evaluation assumptions are given in the Appendix. Additional assumptions are given in each section. 
[bookmark: _Ref481578579]Performance of small delay CDD for single user case
This section presents link-level simulation results for small delay CDD for one transmitter with two transmit and two receive antennas. We choose to implement the CDD in frequency domain as linear shift in the phase of the input symbols to the subcarriers as illustrated in the following figure:
[image: ]
Figure 1: Implementation of CDD in frequency domain
In the above figure the frequency-domain signal is multiplied by a term of , where  is the subcarrier index,  is the FFT size, and d is the cyclic shift. Note that since CDD artificially introduces frequency diversity to the channel, it may have negative impacts on the quality of channel estimation. As a result, parameter d should be designed to balance between the diversity gain and the degradation in channel estimation. Optimizing d is not the main goal of the present contribution. For our simulations for PSSCH we choose d so that the shift at the last subcarrier corresponds to a full rotation of  radians, i.e.,  B/N, where B is the number of allocated subcarriers. Smaller shifts are applied to simulations of PSCCH. We observe that our chosen d’s provide good performance.
The link-level results for different configurations are given in the figures below.
Results for PSSCH
[image: Y:\Rel15_TxD_Eval_CDD_MU\v2v_simulator_201502\results\RAN1_89_scripts\Fig_QPSK_15kmh_SimID_257217-257218.emf] [image: Y:\Rel15_TxD_Eval_CDD_MU\v2v_simulator_201502\results\RAN1_89_scripts\Fig_16QAM_15kmh_SimID_257219-257220.emf]
Figure 2: PSSCH 15km/h, TBS = 300 bytes, single transmission, (left) QPSK½, (right) 16QAM½
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Figure 3: PSSCH 60km/h, TBS = 300 bytes, single transmission, (left) QPSK½, (right) 16QAM½
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Figure 4: PSSCH 140km/h, QPSK1/2, one re-transmission

Results for PSCCH
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Figure 5: PSCCH 15 km/h (left) and 140km/h (right)

As can be seen from the results above, the CDD adds good gain in terms of BLER vs. SINR (up to 1dB for BLER between 10-1 and 10-2) for both PSCCH and PSSCH transmissions, both at low and high UE speeds, with and without retransmission.
Observation:
· Small delay CDD provides clear gain in terms of BLER vs. SNR.
· The gain is achievable for both PSSCH and PSCCH and at different UE speeds.
[bookmark: _Ref481578585]Impact of small delay CDD transmission on legacy UE
It is important to investigate the impact of transmit diversity transmission in terms of interference to the legacy (Rel-14) UEs. In other words, how severe is the interference that a Rel-15 transmitter causes to a Rel-14 receiver. For that purpose, we simulate the following scenarios:
· Rel-14 receiver without interference (only AWGN).
· Rel-14 receiver with a Rel-14 interferer.
· Rel-14 receiver with a Rel-15 interferer.
For simulations in this section we use the following specific settings that add to or replace general parameters in Table 1 in the Appendix:
	SNR for Rel-14 receiver
	25 dB

	SINR for Rel-14 receiver
	-5 to 20 dB

	Transmission parameters
	PSSCH with TBS = 300 bytes and QPSK1/2

	UE velocity
	15km/h and 60km/h
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Figure 6: PSSCH QPSK ½ with and without interference, single transmission, 15 km/h (left) and 60 km/h (right)
We see that a Rel-15 UE (which supposedly uses CDD transmit diversity) does not create more interference to a Rel-14 UE than a Rel-14 UE does to a Rel-14 UE.
Observation:
· Small CDD diversity transmission does not create additional interference to legacy UEs.
[bookmark: _Ref481763773]System-level results
In this section, we show system-level results comparing the PRR performance with and without transmit diversity using CDD Figure 7, Figure 8 and Figure 9 contain the results for highway scenario with high speed (140 km/h), highway scenario with low speed (70 km/h), and urban scenario with high speed (60 km/h).
[image: C:\Users\ericabl\Documents\SVN folders\SWEA\Swea-L1\Working Areas\RAN1_89 Hangzhou\Contributions_LTE\V2X\Initial evaluation for TxD\figures\HighwayFast.emf]
[bookmark: _Ref481763962]Figure 7. PRR performance in highway scenario with high speed (140 km/h).
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[bookmark: _Ref481763974]Figure 8. PRR performance in highway scenario with low speed (70 km/h).
[image: C:\Users\EHIEUDO\Documents\SWEA_Backoffice\V2X\LTE\RAN1_89_Hangzhou\Initial evaluation for TxD\figures\UrbanFast.emf]
[bookmark: _Ref481763999]Figure 9. PRR performance in urban scenario with high speed (60 km/h).

Observation:
· Link-level gains of CDD translate into substantial gains at system level.
Conclusion 
In this contribution we present simulation results for small delay CDD for V2X communication. We observe that CDD provides good gain in terms of BLER vs. SINR without creating additional interference when compared to the case without CDD. The link level gains translate well into the system level gains.
Observations:
· Small delay CDD provides clear gain in terms of BLER vs. SNR.
· The gain is achievable for both PSSCH and PSCCH and at different UE speeds.
· Small CDD diversity transmission does not create additional interference to legacy UEs.
· Link-level gains of CDD translate into substantial gains at system level.
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Appendix: Link level simulation assumptions
Based on the agreements in RAN1 #88bis, the following general evaluation assumptions are used:
[bookmark: _Ref481585980]Table 1: Simulation settings
	Parameters
	Value

	Carrier frequency
	6GHz

	Antenna number 
	2 x 2

	Channel model
	LOS/NLOS in TR36.885 (linear polarization, half-lambda spacing)

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

	MCS
	QPSK 1/2, 16QAM ½

	Payload size for PSSCH
	300 bytes, 190 bytes

	Frequency offset
	0.2 ppm
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