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1	Introduction
[bookmark: _Ref352176984]During the last RAN4 meeting, the following WF [1] was captured to address the approach which would need to be taken for TX diversity in Timing Alignment Error requirement.  
Based upon investigation and analysis, the RAN4 group should decide next meeting one of the following approaches.
1) Remove any reference to TX diversity from test procedure
2) Replace TX diversity with TX polarization within the test procedure and test signals for TAE requirement could be FFS.
3) Keep TX diversity however use DMRS within the same slot in replacement of CRS0 and CRS1
4) Other options not precluded

2	Discussion
Currently, there is no support in PHY layer specifications for TX diversity, and reference to such term causes some inconsistencies between RAN1 and RAN4 specifications i.e. how is TX diversity to be tested if there is no such support for NR PHY.  
For LTE, the TAE requirement was introduced to ensure that the different signals at the base station antenna port were aligned in time in order to ensure that the UE can demodulate multiple MIMO layers.  The intension for this test was to ensure that at the UE the offset can be compensated from any delay introduced at the RF transmitter chain.  In other words, the time difference between layers must be small enough such that the UE is able to be demultiplexed back to the original data stream.  For non AAS base stations this requirement was needed since each data layer was transmitted through each transceiver branch.  This is generally not the case for an AAS base station as one reason to use the entire antenna aperture to achieve beamforming would mean that the layer mapping could be to multiple branches.
The following diagram illustrates the test set up, by using the different signals (CRS0 and CRS1) to distinguish the different signals on the two antenna ports.  It is then connected, usually via a hybrid couple, to the test equipment.  The measurements are then taken on the reference signals (RS) of the individual antennas and compared with a reference antenna; the timing difference can then be analysed and compared to ensure TAE requirement is met.
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In Option 3 from [1], an approach is to take the measurements upon different DM-RS for NR.  Since there is no support for CRS0 and CRS1 to distinguish for this requirement, due to the NR TM design to allow for scalable design for considerations of many numerologies supported in NR.  It was therefore discussed that the DM-RS is the suitable replacement reference signal for TAE requirement.  In this case, a few aspects need to be considered:
1) Only measure timing difference between antenna port 1 and 2 (DM-RS on symbol 2)
2) How to ensure the same signal must be transmitted simultaneously on antenna port 1 and 2 
3) For RANK 1 only test models, it would be difficult to compare the two signals on different MIMO layers
Looking at the current TM design to consider 2 symbol DM-RS, the approach to use logical antenna port = 0 (red) and logical antenna port = 2 (blue) may be able to provide a starting point.
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Figure 1: NR TM slot configuration for TAE measurement

Observation 1: Using DM-RS on different antenna ports has many open issues that require RAN4 to investigate.
In option 2 from [1], this is unclear how this approach would be capturing the original motivation for the TAE requirement.  Two beams on different polarizations may not be used towards the same UE and would therefore not be needed to be timing aligned.  This also leads to constricting implementation to at least two different polarization gNB.
Observation 2: Using TX polarization in place of TX diversity does not keep aligned to original motivation of the TAE requirement
For OTA testing, it is obvious that this requirement may not be needed as any system required to test other transmit quality (such as EVM) tests would require a full calibrated system.  In other words, the timing or phase offset between the different transceivers would need to be minimal to achieve a coherent beam.  If the gNB is not fully calibrated the EVM requirement would not be met.  
Additionally, it is not clear how the TAE requirement shall be defined if the signals on multiple TX branches are used to form a beam in the air what the antenna port is reference to.  For conducted tests, this is a rather trivial, but for an AAS type BS this not only proves difficult but also implementation restrictive.  For testing purposes each antenna port would need to generate a beam and measurement would then need to be compared between each antenna port generated beam; this may not be a typical operational state.   
[bookmark: _GoBack]Observation 3: For 1-O and 2-O base stations EVM requirements would ensure accurate TAE between transmitter chains due to the need to perform beamforming.   
3	Conclusion
Observation 1: Using DM-RS on different antenna ports has many open issues that require RAN4 to investigate.
Observation 2: Using TX polarization in place of TX diversity does not keep aligned to original motivation of the TAE requirement
Observation 3: For 1-O and 2-O base stations EVM requirements would ensure accurate TAE between transmitter chains due to the need for calibration between each branch to generate a beam.   
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