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Introduction
In the LS from RAN1 [1], an agreement has been reached for Transmit Diversity feature for R15:
· Transmit diversity is not specified in RAN1 specifications 
· Inform RAN4 that RAN1 assumes the use of SD-CDD when >1 antenna. It is up to RAN4 to discuss and/or specify any performance related requirements (including bounds for the delay)
[bookmark: _GoBack]We discuss in the paper the detail regarding the bound for the delay in SD-CDD transmit diversity scheme.
Analysis
For SD-CDD transmit diversity scheme, a delay is applied to the signal from the second antenna, to create extra frequency selectivity of the channel response at the receiver. This is the same effect as increasing the delay spread of the physical (underlying) channel. It is important to keep in mind that this delay is different from the timing alignment error, which is caused by timing mismatch between the 2 TX RF chains. The timing alignment error for V2X, in our opinion, can reuse UL-MIMO requirement since they both have similar RF architecture. The maximum CDD delay, however, does have to take into account this alignment error.
Proposal 1: Reuse UL-MIMO timing alignment error requirement for V2X.
Proposal 2: The maximum CDD delay has to take into account this alignment error.
From the receiver point of view, usually a channel estimation window is provisioned to take care of channel delay spread. The most typical provisioned window is equal to CP, which corresponds to channel with large delay spread such as ETU model. However, for automotive applications, the typical delay spread of physical channel is much smaller, so smaller window size can also be used, such as CP/2 which corresponds to EVA model.
The provisioned channel estimation window size has direct impact on channel equalization performance of the receiver. For example, when frequency domain channel equalization is used, shorter window channel estimation window size means longer frequency equalization filter and better noise rejection performance. For this reason, improvising a too large window have direct negative impact on device sensitivity performance. This point is further confirmed by the below simulation results (figure 1).
Observation 1: Too large channel estimation window leads to reference sensitivity performance degradation. 
On the other hand, insufficient window size leads to performance degradation for fading channel with large delay spread. As SD-CDD is used, the delay spread is further increased, so receivers (who may be aware that SD-CDD is used) may have to improvise larger channel estimation window, which leads to sensitivity performance degradation. As the latter is considered to be much undesirable, the cyclic delay shift have to be limited such that the performance degradation for channels with large delay spread is acceptable without forcing the receiver to improvise larger channel estimation window (than R14 reference receiver).
Observation 2: Too small channel estimation window leads to degraded demodulation performance for channel with large delay spread. 
For this reason, we think that maximum CDD delay requirement for transmit diversity is more appropriately discussed in Demodulation and RRM session.
[image: ]
Figure 1. Sensitivity SNR result with different window sizes.


Proposal 3: discuss the maximum CDD delay requirement in demodulation and RRM session. 
Conclusions
Proposal 1: Reuse UL-MIMO timing alignment error requirement for V2X.
Proposal 2: The maximum CDD delay has to take into account this alignment error.
Observation 1: Too large channel estimation window leads to reference sensitivity performance degradation. 
Observation 2: Too small channel estimation window leads to degraded demodulation performance for channel with large delay spread. 
Proposal 3: discuss the timing alignment error requirement in demodulation session. 
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