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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At the RAN1 #92 meeting, the following conclusion for transmit diversity was reached:
· 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
At the RAN1 #90bis the following agreement for TxD on PSCCH was reached:
· For PSCCH, small delay CDD can be used on PSCCH
· FFS whether the cyclic delay value is specified or left for UE implementation

In this contribution, we discuss the need to standardize SD-CDD for V2X. Note that in companion contribution [1], we provide evaluation results to justify the design decisions in this contribution.
Discussion
Note that the use of SD-CDD is similar on PSSCH and PSCCH. Thus, in this section, we do not differentiate between the two channels, and the conclusions are applicable to both.
For transmit diversity, only small delay CDD is under consideration based on the conclusion from last meeting. Small delay CDD is applied to both control information and DMRS, as described in Figure 1.
[image: ]
Figure 1. Block diagram for small delay CDD.
In contribution [1], the following observation was drawn:
· SD-CDD provides significant performance gain, especially for low-order modulation and for low speeds
· At higher speed, the performance gains of SD-CDD vary, depending on the conditions
Based on this observation, it makes sense to use SD-CDD in at least low mobility conditions.
Proposal 1: A UE can use SD-CDD for V2X
Note that SD-CDD is transparent at the receiver. Thus, the transmitting UE does not need to send any signaling to indicate its use.
For small delay CDD, one key question to address is the cyclic-delay value. Large cyclic-delay comes with higher diversity gain, but the sum of the cyclic-delay, the channel delay spread (about 0.7µs for UMi channel) and the Rx time offset exceed the 4.7µs CP length. Therefore, the range cyclic-delay needs to be carefully designed. From our perspective, cyclic-delay in the range of [0, 2] µs seems to work well for most environments. Note however that the cyclic-delay value is highly dependent on the environment. For instance, in high delay spread environments, the cyclic delay value must be small in order to keep the overall delay spread below the CP length. Even for V2X communication, high delay spread environments cannot be ruled out, e.g., in mountainous areas. Thus, it is better to have the eNB configuring the delay spread value for V2X service. Besides, in high speed areas (e.g., highways), the gains of SD-CDD are low due to the already large diversity present at the receiver, thus, it might make sense to completely turn off SD-CDD (by setting the delay value to 0).
Proposal 2: 
· The cyclic delay value is configured by the eNB
· A pre-configured value in the 0~2us range is used by default
Finally, as noted before, the use of SD-CDD is expected to bring significant gains (up to 2 dB) in some conditions (e.g., low mobility scenarios). Thus, RAN1 needs to inform RAN4 of the use of SD-CDD and asks them to develop testing procedures for it.
Proposal 3: Inform RAN4 that RAN1 has agreed on the use of SD-CDD
[bookmark: _Ref129681832]Conclusions
SD-CDD was discussed. We propose the following:
Proposal 1: A UE can use SD-CDD for V2X
Proposal 2: 
· The cyclic delay value is configured by the eNB
· A pre-configured value in the 0~2us range is used by default
· Proposal 3: Inform RAN4 that RAN1 has agreed on the use of SD-CDD
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