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1. Introduction
In RAN1#88bis, the following evaluation methods for transmit diversity (TxD) were agreed on.
Agreement
· For the design and feasibility of TxD schemes in Rel-15 PC5 operation, the CM increase per antenna over single antenna port transmission of Rel-14 is considered.

Agreement
· For link level simulation (SNR vs. BLER) to investigate TxD gains for performance of V2X is applied for PSSCH and PSCCH. 

	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



Agreement:
· Frequency offset modelled as in TR36.885

Agreement:
· At least the following candidate TxD schemes for PSSCH transmission to be evaluated:
· Small delay CDD
· STBC (including half symbol STBC proposal in [1])
· 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 fulfill objective 2 of the WID

In RAN1#89, the following agreement was further reached.
Agreement: 
· Legacy Rel-14 DMRS pattern with single antenna port, including time-frequency location, sequence, and cyclic shift, is applied to PSCCH transmission.
Working Assumption: 
· MMSE-MRC receiver is the baseline for Rel-14 UEs
· Companies can bring results with advanced receivers for Rel-14 UEs

This contribution is organized as follows. In Section 2, we discuss the pros and cons of several TxD schemes. In Section 3, we present evaluation results of Small delay CDD. Section 4 concludes the contribution.
2. Transmit diversity for PSSCH
In this section, we compare the agreed candidate transmit diversity schemes for PSSCH
The key comparison factors include:
a) Diversity order – performance
b) Transparent / non-Transparent – Transparent schemes can be decoded by Rel-14 UEs, will not need any indication in PSCCH using reserved bits, and will not need separate DMRS port. Non-transparent schemes may impact Rel-14 UEs (RSRP measurements and decoding for IRC receivers).
c) PAPR
Observation 1: Pros and cons of the candidate TxD schemes are summarized in Table 1
[bookmark: _Ref478104375]Table 1: Summary of Tx Diversity schemes
	Tx diversity scheme
	Diversity order (for 2Tx)
	Transparent / non-transparent 
	DMRS ports needed
	Comments

	PVS in time domain
	< 2
	Non-transparent
	1 or 2 (depending on pre-coded DMRS or not)
	Pros
· Low PAPR, low complexity
· Diversity order depends on precoder selection
Cons
· Non-transparent
· Limited gains in high mobility scenario
· Affect Rel-14 coexistence

	Small delay CDD
	< 2
	Transparent
	1
	Pros
· Transparent
Cons
· Limited diversity gains
· May have performance impacts with spatial correlation

	STBC
	2
	Non-transparent
	2
	Pros
· Achieves full diversity
Cons
· Non-transparent
· Orphan symbol treatment
· Affect Rel-14 coexistence

	Half-symbol STBC 
[R1-1702601]
	2
	Non-transparent
	2
	Pros
· Achieves full diversity
· Works for any # symbols
Cons
· Non-transparent
· Affect Rel-14 coexistence

	SFBC
	2
	Non-transparent
	2
	Pros
· Achieves full diversity
Cons
· Non-transparent
· High PAPR
· Affect Rel-14 coexistence 



Among the non-transparent schemes above, SFBC should be avoided as it has higher PAPR. Further STBC will outperform PVS in time domain, and PVS does not offer any advantage (except for complexity) over STBC. STBC has the orphan symbol problem, but we can combine STBC + virtual half symbol STBC for orphan symbol to get the best diversity performance for V2X scenarios.
We can then down-select among the following two transmit diversity schemes:
· Transparent – SCDD
· Non-transparent – STBC with virtual half-symbol STBC for orphan (first) symbol
Selection among the two is related to transparent vs. non-transparent. In our view, while non-transparent schemes provide higher performance improvement, it is expected to affect Rel-14 UEs (RSRP measurements and demodulation of IRC receivers). 
Further, note that the RSRP measurement may be impacted more than 3dB as it depends on the channel estimation / cleaning being done at the Rel-14 UE. For example, if the UE uses channel centre-of-mass estimation for timing correction, then the loss in RSRP measurement will be more than 3dB. In other words, the bi-modal channel being observed at the receiver (with CDM of the two DMRS ports) may result in higher than 3dB loss depending on channel estimation algorithm. 
For transparent scheme (SCDD) it was also discussed if any specification is necessary. In our view, we can specify SCDD operation with the delay to be used by the transmitter being provided as a semi-static RRC (pre)configuration. In this regard, RAN1 will not need to discuss the exact maximum value for the delay that the transmitter can use, and the scheme is easily adopted in practical scenarios depending on the observed channel delay spread. 
Observation 2: Non-transparent transmit diversity schemes may affect R-14 performance.
Proposal 1: Non-transparent transmit diversity schemes are not supported in V2X phase 2.
Proposal 2: Further discuss support of only small delay CDD as the diversity scheme for V2X Phase 2.
Proposal 3: If SCDD is supported the delay value should be provided as a RRC (pre)configuration. 
[bookmark: _GoBack]4	Evaluation results for SCDD
In this section, we evaluate the performance of Small delay CDD for both PSSCH and PSCCH. The simulation assumptions are similar to Rel-14 V2V/V2X study. Specifically, a Tx UE and a Rx UE move towards each other with speed of 15km/h (urban) or 140km/h (freeway). SCM UMi NLOS channel model is used. The Tx UE transmits a TBS size of 2408 bits (about 300 Bytes) in 18 RBs with QPSK modulation. Rel-14 DMRS pattern is used. The channel bandwidth is 10MHz with FFT size 1024. We compare two schemes: (1) Rel-14 scheme with 1 Tx antenna and 2 Rx antennas; (2) 2 Tx antennas and 2 Rx antennas with Small delay CDD, where the delay is 2 FFT samples (about 130ns).
Fig. 1 shows the performance of PSSCH. In both the 15km/h and 140km/h cases, SCDD provides better performance (up to 2 dB gain at 1% BLER) at relatively high SNR, but slightly worse performance at low SNR. Fig. 2 shows the performance of PSCCH. In both cases, SCDD provides a small gain (about 0.7dB at 1% BLER).
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Figure 1: PSSCH performance without or without SCDD
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Figure 2: PSCCH performance without or without SCDD

Observation 3: Small delay CDD provides some performance gain to PSCCH compared to the Rel-14 scheme. For PSSCH, performance gain at relatively high SNR and small degradation at low SNR are observed.
4	Conclusion
In this contribution, we make the following observations and proposals regarding transmit diversity for V2X.
Observation 1: Pros and cons of the candidate TxD schemes are summarized in Table 1
Observation 2: Non-transparent transmit diversity schemes may affect R-14 performance (sensing and demodulation performance of IRC receivers)
Observation 3: Small delay CDD provides some performance gain to PSCCH compared to the Rel-14 scheme. For PSSCH, performance gain at relatively high SNR and small degradation at low SNR are observed.

Proposal 1: Non-transparent transmit diversity schemes are not supported in V2X phase 2.
Proposal 2: Further discuss support of only small delay CDD as the diversity scheme for V2X Phase 2.
Proposal 3: If SCDD is supported the delay value should be provided as a RRC (pre)configuration. 
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