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1	Introduction
In RAN1-92, there were some discussions on the transmit diversity for V2X sidelink regarding on the feasibility and the potential impact on the legacy UEs. Some conclusions were formed in the discussions, as follows [1]

· 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

In this paper, we make further discussions on the feasibility and potential issues for the SD-CDD for PSSCH. Some link level evaluations were made for PSSCH with SD-CDD at different UE speeds. Observations and proposals on SD-CDD for PSSCH are provided based on the discussions. 
2	SD-CDD for PSCCH/PSSCH
SD-CDD for PSCCH
In RAN1-90bis, it was agreed that SD-CDD can be used for PSCCH but the implementation details are FFS [2]. 
[RAN1-90bis]
Agreement:
· For PSCCH, small delay CDD can be used on PSCCH
· FFS whether the cyclic delay value is specified or left for UE implementation





In principle, the small delay CDD is transparent to the receivers which enables the legacy Rel-14 UEs to decode the PSCCH. Thus, there is no essential necessity for explicitly specifying the small delay value. Additionally, we note from the link evaluation results of PSCCH with CDD that the SD-CDD gains are generally moderate and in some scenarios the CDD may have no gains or even have negative impact. For example, in high mobility, the time variation during the PSCCH transmission has already provide some diversity gains to some extent, thus in that case the use of SD-CDD may not be needed. Based on above considerations, to allow more flexibility it is preferred to leave the implementation of SD-CDD for UE implementation.  
Proposal 1: For PSCCH, the cyclic delay value for SD-CDD is left for UE implementation.

SD-CDD for PSSCH
Small delay CDD is a candidate transmit diversity scheme for V2X PSSCH to enhance its link performance. Its major benefit in comparison with the non-transparent transmit diversity schemes is that it almost has no negative impact on the Rel-14 UEs (e.g. in IRC receiving and PSSCH-RSRP measurements). A straightforward way to implement SD-CDD for PSSCH is that it is used implicitly by UE implementations. In this case, the receiving UE does not know any information on SD-CDD including whether it is used by transmitter and the detailed cyclic delay value if used. This implementation scheme is simple but it has some potential technical issues: 
· The CDD may have negative impact on timing/frequency synchronization which may be an integral part of the channel estimation to deal with the large frequency offset (e.g. ~1.8kHz for 5.9GHz carrier frequency) and large Doppler. 
This concern is motivated by the earlier observations in the V2X PSSCH DMRS evaluations that the half-symbol based synchronization procedure is somewhat sensitive to the channel power delay profile (which is artificially changed by the SD-CDD).
The evaluation results shown in next section validate this concern. It is shown that when SD-CDD is applied, the receiver could improve the data detection performance by using enhanced synchronization method if it knows the cyclic delay value. In the enhanced synchronization method, multiple local DMRS sequences with respective cyclic delays are used to make the half-symbol based correlations (while in legacy synchronization, single DMRS sequence is used to make the correlation). 
Motivated by this observation and also to allow for a more flexible control for the use of SD-CDD, a potential implementation of SD-CDD for PSSCH is as follows
· Use one bit of the SCI to indicate whether SD-CDD is used for PSSCH or not.
· Fixed or flexible cyclic delay value(s) are specified in the specification or through high layer signaling. 
In this way, the receiver could exactly know the information on SD-CDD, i.e. whether it is used and the cyclic delay value, such that it can optimize the link performance by using enhanced receiving method. 

Proposal 2: For PSSCH, SD-CDD could be used with dynamic indication in PSCCH. It is preferred the cyclic delay value is known by the receiver to enable performance enhancement (fixed or configured in specification). 

3	Evaluation results

Link level simulations were made for the PSSCH with SD-CDD. The simulation conditions are listed in Table 1 in appendix. Note that in the figures, “sync1” curves correspond to the legacy synchronization method where single DMRS sequence is used to make the half-symbol based correlation; “sync2” curves correspond to the enhanced synchronization method where multiple local DMRS sequences with respective cyclic delays are used to make the half-symbol based correlations. To evaluate the SD-CDD under various conditions, three relative velocities (30/120/280kmph), three cyclic delay values (0.5/1.0/1.5us) and three transmission bandwidths (8/12/20PRBs) with QPSK and Turbo code with rate of about 0.5were simulated. The simulation results are shown in Figure 1. 
From the simulation results, we can get the following observations

Observation 1: SD-CDD PSSCH performance could be improved by the enhanced synchronization which takes the cyclic delay value into account. For SD-CDD with enhanced synchronization, transmit diversity gains of about 1.5~2.0dB could be achieved at 0.01 BLER in most cases. 
Observation 2: For SD-CDD with legacy synchronization (i.e. cyclic delay value not known by receiver), the performance is degraded greatly for 1.5us delay. For SD-CDD with 0.5us/1.0us delay values, SD-CDD achieves moderate diversity gains in some cases while in other cases, SD-CDD is similar to or even worse than 1TX. 
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Figure 1: link simulation results for PSSCH with SD-CDD (TX BW 8/12/20-PRB; relative 30/120/280kmph; QPSK+~1/2TC; sync1: legacy synchronization; sync2: delay value-aware enhanced synchronization)

5	Conclusion
In this paper, we discussed the candidate transmit diversity scheme of SD-CDD for PSCCH and PSSCH. Link level simulations are performed for PSSCH under various conditions. 
Based on the discussions and evaluation results, the following observations and proposals are proposed

Observation 1: SD-CDD PSSCH performance could be improved by the enhanced synchronization which takes the cyclic delay value into account. For SD-CDD with enhanced synchronization, transmit diversity gains of about 1.5~2.0dB could be achieved at 0.01 BLER in most cases. 
Observation 2: For SD-CDD with legacy synchronization (i.e. cyclic delay value not known by receiver), the performance is degraded greatly for 1.5us delay. For SD-CDD with 0.5us/1.0us delay values, SD-CDD achieves moderate diversity gains in some cases while in other cases, SD-CDD is similar to or even worse than 1TX.

Proposal 1: For PSCCH, the cyclic delay value for SD-CDD is left for UE implementation.
[bookmark: _GoBack]Proposal 2: For PSSCH, SD-CDD could be used with dynamic indication in PSCCH. It is preferred that the cyclic delay value is known by the receiver to enable performance enhancement (fixed or configured in specification).
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Appendix A
In this section, we provide simulation parameter setting of the link level simulations in this paper.

Table 1: Evaluation conditions for PSSCH with SD-CDD
	Parameters
	Values

	Carrier frequency
	5.9 GHz

	Bandwidth
	10MHz

	V2V packet size and transmission BW
	300 bytes over 20PRBs, 190 bytes over 12PRBs, 128 bytes over 8PRBs, all with RV0

	Transmit diversity 
	SD-CDD with delay values of 0.5us, 1.0us and 1.5us

	Antenna configurations
	2 TX antenna and 2 RX antennas, 1 TX antenna for comparison purpose

	Channel model
	ITU UMi NLOS with relative 30kmph, 120kmph and 280kmph

	Frequency offsets
	Fixed 1.8kHz

	Initial timing offset
	1us

	Channel estimation method
	Practical, including
Enhanced half-symbol based timing/frequency synchronization and legacy half-symbol based synchronization 
LMMSE channel estimation in frequency and linear interpolation in time

	Data detection
	MRC
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