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Introduction
In the latest RAN1#90 meeting [1] the following working assumption was reached:
· 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

In RAN1#88b [2], simulation assumption agreements have been made to set up the simulation scenarios for transmit diversity candidates for PSSCH and PSCCH.
· 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.
· 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 ½, 16QAM ½

	Payload size for PSSCH
	300 bytes, 190 bytes


· Frequency offset modelled as in TR36.885
This contribution provides link level simulations showing the benefit of using PAPR-preserving SC-SFBC [3] for sidelink communications. Our companion contribution [4] provides detailed description of candidate schemes.

Performance evaluations
In the contribution we investigate the following candidate techniques for sidelink communication: PAPR preserving SFBC, short delay CDD, SIMO reference. In [5], thorough performance comparison among Alamouti-based transmit diversity (PAPR preserving SFBC, split symbol STBC), short delay CDD, and different types of time-domain PSV (e.g. antenna port switching) is conducted in NR context in a large number of scenarios.

Low PAPR SC-SFBC brief review
PAPR-preserving SFBC has already been discussed in the literature [3] and thoroughly described in our companion contribution [4]. It is also currently under investigation in an NR context for both PUSCH [5] and PUCCH [6] based on DFTsOFDM. 


Alamouti precoding is applied at subcarrier level, after DFT precoding, as it can be seen in Figure 1. Alamouti precoded symbols can be mapped onto non-adjacent subcarriersand  in such a way that PAPR is preserved, as in Figure 2. M is the number of allocated subcarriers (DFT precoder size) and p is an even integer, usually chosen as closest possible to M/2 to minimize the distance between subcarriers carrying Alamouti precoded pairs. This PAPR-preserving SFBC is called SC-SFBC [3]. Thorough description can be found in the companion contribution [4], where it is also shown that this scheme preserves the PAPR of DFTsOFDM.
[image: ]Data block x(i)

[bookmark: _Ref468985453]Figure 1 - SFBC for DFTsOFDM 
[image: ]
[bookmark: _Ref468985465]Figure 2 - Mapping of Alamouti pairs to subcarriers for PAPR preserving SFBC in DFTsOFDM
SC-SFBC has the following advantages:
· PAPR preserving for all constellation types, including BPSK pi/2 with or without frequency domain pulse shaping
· operating on single symbol DFTsOFDM, 
· full diversity achieving, 
· with low-complexity frequency-domain decoding at subcarrier level.

PSSCH evaluation
In the following, SFBC is only given as a FER performance reference and is not proposed to be used for DFTsOFDM as it engenders around 1dB PAPR loss at CCDF target 10-4. 
Figure 7 presents comparative performance of SC-SFBC, SD-CDD and SIMO transmission in a simulation setup in conformity with the current V2X agreements (see Annex), for QPSK ½ with 18 allocated RBs and 16QAM ½ with 12 allocated RBs. Note that this is a worst case scenario for SC-SFBC, since the allocated bandwidth is rather large, so the effects of interference within an Alamouti pair due to precoding onto non-adjacent subcarriers is maximized. Since the amount of residual CFO did not have an important impact on the results, only the case of 0.1 PPM for TX and -0.1 PPM for RX w.r.t. UE’s sync reference is depicted here.
Time domain PVS has obvious drawbacks in high speed scenarios as explained in [4] and confirmed through simulation in [5], and will not be further investigated here. 
	[image: ]
a) QPSK ½, 140kmph
	[image: ]
b) 16QAM ½, 500 kmph


[bookmark: _Ref471405472]Figure 7 - Fc=6GHz, ITU UMi NLOS CDL 129ns, 0.1 PPM for TX and -0.1 PPM for RX w.r.t. UE’s sync reference
CDD is easy to implement and can be transparent to the receiver in the case of short delay CDD (SD-CDD). Nevertheless, CDD has very variable performance depending on the applied delay, and an optimized delay (depending on the channel profile, allocation size, modcod) cannot be applied in an open loop scenario. Also, since CDD recovers frequency diversity through coding, CDD performance degrades with less strong coding and in scenarios where enough diversity is already present (frequency selective channels/frequency hopping transmission where the extra diversity obtained through CDD is limited, high speed where the extra diversity wrt to already present time diversity has limited gain, etc). In a very favorable scenario, with QPSK 1/2, SD-CDD displays good performance, with only a 0.2/0.4dB performance loss with respect to SC-SFBC/SFBC respectively. With 16QAM ½, strong degradation of 1.1/0.9dB performance loss with respect to SC-SFBC/SFBC respectively is observed.
SC-SFBC has similar performance with classical SFBC, the penalty due to precoding onto non-adjacent subcarriers being under 0.2dB. Considering the fact that SC-SFBC is PAPR preserving, while SFBC brings up to 1dB of PAPR loss, SC-SFBC is preferred.
Observation: Full diversity Alamouti schemes are more robust than CDD. The PAPR preserving SC-SFBC has close FER performance with SFBC without any PAPR loss and is thus preferred to SFBC.

PSCCH discussion
For PSCCH, a transparent transmit diversity scheme such as small-delay CDD allows decoding by the legacy Rel-14 UEs. Nevertheless, small delay CDD has some drawbacks. Even though on control channels strong coding and robust MCS ensures better performance of SD-CDD compared to data channels, the fact that this scheme is not full diversity engenders a performance gap with respect to full diversity schemes in the FER target regions considered for control channels. In an NR context, evaluations conducted in [6] show performance loss of SD-CDD with respect to SC-SFBC at FER target 10-3 ranging from 0.5dB to 1.3dB (depending on the channel selectivity) at low speed, and up to several dB at higher speed. 


Conclusion
Observation: Full diversity Alamouti schemes are more robust than CDD. The PAPR preserving SC-SFBC has close FER performance with SFBC without any PAPR loss and is thus preferred to SFBC.
[bookmark: _GoBack]Proposal: SC-SFBC Alamouti-based transmit diversity is supported for PSSCH with DFTsOFDM
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Annex B: Simulation parameters 

	Assumptions , 
	Value 

	Carrier frequency 
	6 GHz

	Number of antennas 
	2x2

	Numerology 
	BW=10MHz, N_FFT=1024, Δf=15kHz, Fs=15.36MHz

	Data bandwidth 
	18RB for QPSK, 12RB for 16QAM (payload 300bytes)

	Numerology 
	Subcarrier spacing 

	MCS 
	QPSK1/2, 16QAM1/2

	Channel coding 
	LTE Turbo code

	HPA 
	Rapp model, , IBO=-11.6dB

	Channel estimation 
	Realistic, LTE pilots

	Channel model 
	ITU UMi NLOS CDL 129ns

	CFO
	Case 1 + Case B: 
· +0.1 PPM for TX and -0.1 PPM for RX w.r.t. UE’s sync reference. 
· +0.05 PPM for TX’s reference and -0.05 PPM for RX’s reference w.r.t. the absolute frequency.

	Speed
	15/140/250/500 kmph

	Receiver type
	L-MMSE

	SD-CDD delay
	2 samples



image2.wmf
(

)

21

1mod

kpkM

=--


oleObject2.bin

image3.emf

image4.emf
Tx1

: s

Tx2

: s

6

12

SC

p

M





6 p





*

0

s

*

3

s



*

1

s



*

2

s

*

4

s

*

5

s



*

6

s

*

7

s



*

8

s

*

9

s



*

10

s

*

11

s



3

s

1

s

2

s

4

s

5

s

6

s

7

s

0

s

8

s

9

s

10

s

11

s


image5.emf
-10 -8 -6 -4 -2 0

10

-2

10

-1

10

0

SNR (dB)

FER

140kmph

 

 

QPSK 1/2, SD-CDD

QPSK 1/2, SIMO

QPSK 1/2, SC-SFBC

QPSK 1/2, SFBC


image6.emf
-10 -5 0 5

10

-2

10

-1

10

0

SNR (dB)

FER

500kmph

 

 

16QAM 1/2, SD-CDD

16QAM 1/2, SIMO

16QAM 1/2, SC-SFBC

16QAM 1/2, SFBC


image1.wmf
1

k


oleObject1.bin

