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1. Introduction

In RAN1 #90bis meeting, the following agreement was achieved for PSCCH transmission diversity [1]:
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 RAN1 #91 meeting, one working assumption for PSSCH transmission diversity was achieved [2]:
 Agreement
· 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)

Note: Companies are encouraged to perform evaluations for the above options

In RAN1 #92 meeting, the transmission diversity scheme for PSSCH was discussed. But the working assumption was not confirmed and the following conclusion was achieved [3]:
Conclusion: 

· 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 contribution, we discuss the remaining issues of transmission diversity. 
2. Discussion
2.1. SD-CDD for PSSCH

SD-CDD is one kind of transparent transmission scheme and can provide some transmission diversity. It has been agreed as transmission diversity scheme for PSCCH in Rel-15. Whether SD-CDD can be applied to PSSCH needs FFS. There are two potential issues for SD-CDD to be applied to PSSCH.

· The choice of delay value

One key parameter of SD-CDD is the delay value. Its selection depends on several factors. A larger delay value can provide more diversity. But if the summary of multi-path delay of channel and transmission delay and SD-CDD’s delay value is larger than CP, it will result in inter-symbol interference. On the other hand, a small delay value cannot provide much diversity gain.

· The impact of DMRS on time/frequency synchronization estimation

In Rel-14, a half-symbol time/frequency synchronization estimation scheme was used. For SD-CDD, an additional delay introduced in the second antenna will affect the time/frequency synchronization estimation at receiver. The simulation results in [4] show the performance of SD-CDD with legacy half-symbol time/frequency synchronization estimation scheme. It is sensitive to the delay value and in some cases, the performance is worse than single port transmission. 

Observation 1: The choice of delay value for SD-CDD depends on several factors, such as multi-path delay of channel, coverage.

Observation 2: The performance of SD-CDD for PSSCH is sensitive to the delay value and time/frequency synchronization estimation scheme.

2.2. SFBC for PSSCH

SFBC is non-transparent transmission scheme and can provide more diversity gain than SD-CDD. But the simulation results show that for R14 UE with MMSE-IRC receiver, its performance will degrade greatly in the case of one dominant R15 interference with SFBC transmission scheme, compared to the case of one dominant R15 interference with SD-CDD transmission scheme. If MMSE-MRC receiver is used, the former case has better performance than the later case. While the receiver type is not mandatory and is not known by the transmitter. To fully exploit the benefit of transmission diversity, one efficient way is to put some restrictions on the use of SFBC transmission scheme [5]. SFBC can be used in the following scenarios:

· No R14 UE can be detected in the system.

· The CBR is less than a (pre-)configured threshold, in which case the possibility of one dominant interference is negligible.

Once the conditions are not fulfilled, the transmitter can change transmission mode from SFBC to either SD-CDD or single antenna port.

Proposal 1: Non-transparent transmission scheme can be used in either the following scenarios:

· No R14 UE can be detected in the system.

· The CBR is less than a (pre-)configured threshold

3. Conclusions
In this contribution, both SD-CDD and SFBC schemes for PSSCH are discussed and analyzed. The following observations and proposals are given.
Observation 1: The choice of delay value for SD-CDD depends on several factors, such as multi-path delay of channel, coverage.

Observation 2: The performance of SD-CDD for PSSCH is sensitive to the delay value and time/frequency synchronization estimation scheme.
Proposal 1: Non-transparent transmission scheme can be used in either the following scenarios:

· No R14 UE can be detected in the system.

· The CBR is less than a (pre-)configured threshold
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