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1. Introduction
RAN1 has agreed that transparent transmit diversity is to be an allowed method of transmit diversity for the UE.  However, there is no definition of transparent transmit diversity in the specification.  While it is assumed that cyclic delay diversity is intended, there is nothing in the specification that limits what can be transmitted from the multiple antennas so long as emissions constraints are met, and the power class is achieved. Transparent transmit diversity methods may include cyclic delay, linear delay (without cyclic extension), and rank one precoding.
In the case that the transmission from the second antenna is a delayed version of the first, either with or without cyclic extension, there should be some consideration of the impact of delay on channel estimation at the gNB since a large delay can cause the combined transmission to decorrelate very rapidly in frequency.  In this contribution, we briefly consider the consequences of large delay, and consider whether some limit should be placed on the delay.
2. Channel Decorrelation vs. Delay
It seems generally assumed that cyclic delay diversity (CDD) will be used for transparent transmit diversity.  With this form of diversity, a cyclic delay is applied to the signal transmitted from the second antenna.  The symbol from the second antenna is delayed by a time interval less than the symbol duration, after which the portion of the symbol which falls outside of the symbol interval is added to the start of the symbol.  The effect of this delay is to add a frequency dependent phase rotation of the second signal relative to the first. Depending on the delay applied to the second antenna, the phase rotation can be very large, and the channel can decorrelate very rapidly.
As an example, we consider an example with a subcarrier spacing of 15 kHz. For symbols 1 and 8 in a slot, the symbol duration is 71.9 usec and the cyclic prefix is 5.21 usec.  For the remaining symbols, the symbol duration is 71.4 usec and the cyclic prefix is 4.69 usec. Relative to the first antenna, the phase shift (in degrees) from one subcarrier to the next is given by
phase shift per subcarrier = 15000 x delay x 360 deg.
If the cyclic delay is equal to the length of the cyclic prefix, then the phase shift per subcarrier is
				15000 x 4.69x10-6 x 360 = 25.3 degrees
so that the relative phase between the signals transmitted from the first and second antennas changes by 180 degrees in approximately 7 subcarriers.  However, even this is not the worst case since there is nothing that prevents the cyclic delay from being even greater than the length of the cyclic prefix.
[bookmark: _GoBack]If the rate of change of the phase rotation of the signal from the second antenna relative to the first is too large (in degrees per subcarrier), then it is likely that the performance of channel estimation at the gNB will be significantly degraded.  There will now be two components to the frequency selective fading process observed by the gNB.  The first component will be due to the channel itself, while the second component will be due to the cyclic delay introduced on one of the transmit antennas, and this second fading component will be very fast if the delay is large.
Since a large cyclic delay of one transmitter relative to another can significantly degrade the performance of the gNB channel estimation, it seems that there should be a limit placed on the maximum cyclic delay that can be used for transparent transmit diversity.
Proposal 1:  	The absolute value of the maximum cyclic delay allowed for transparent transmit diversity should be limited to a small fraction of the length of the cyclic prefix.
The absolute value is used here as transparent transmit diversity can also be implemented by applying cyclic advance (a negative delay) of one transmitter relative to the other.
Given that the absolute value of the maximum cyclic delay allowed for transparent transmit diversity should be limited, the cyclic delay should be measured by the test equipment.  This can be done by simultaneously demodulating the output of both UE antennas, and determining the rate of change of the relative phase of the FFT outputs across frequency.  Alternatively, the cyclic delay can be measured by cross correlation of the signals at the two antenna connectors.
Proposal 2:  	The cyclic delay used by the UE for transparent transmit diversity should be measured. 
3. Conclusion
While there is no definition of transparent transmit diversity in the specification, it is generally assumed that cyclic delay diversity is intended.  Without some limitation on the cyclic delay that is used, the relative phase difference between the signals from the two transmit antennas can change by 180 degrees within one RB, and the performance of channel estimation at the gNB can be significantly degraded.  As a result, we propose that the absolute value of the cyclic delay be limited and measured.
Proposal 1:  	The absolute value of the maximum cyclic delay allowed for transparent transmit diversity should be limited to a small fraction of the length of the cyclic prefix.
Proposal 2:  	The cyclic delay used by the UE for transparent transmit diversity should be measured. 
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