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1 Introduction
During the previous discussions on the Time alignment error (TAE) requirements, the manufacturer declarations were left for FFS. This is marked in the latest version of the TR 37.842.  This issue was also discussed in the last RAN4 meeting where it was highlighted that there is a need to create rules for testing the TAE requirements.
This contribution discusses the TAE conformance aspects and provides a proposal for the manufacturer declarations for TAE.

2 Discussion

The time alignment error is defined in as the largest frame timing difference between any two signals present at the BS transmitter RF antenna port(s) for a specific set of signals and/or transmitter configurations. However, since the AAS BS allows for grouping of transceivers in the TRX array, the TAE is defined as the largest frame timing difference between any two different signals belonging to different transmitter groups at the TAB connectors. 
Simply stating, for AAS, the TAE is defined as the timing difference between two different signals belonging to different TRX groups corresponding to TX diversity and MIMO transmission etc.

It is further stated in TR 37.842 that:

“Within a group of TAB connectors associated with an EIRP beam declaration the time difference between such connectors will be very small compared to the requirement. For conformance testing of the timing difference between groups, it is acceptable that the timing is measured between a single representative TAB connector in each group from each pair of groups. Conformance testing is performed between pairs of TAB connectors relating to different groups only. Timing alignment between TAB connector pairs within each group is considered to be verified by the EIRP conformance test.”
This is elaborated by considering a scenario comprising of a transceiver array with 8 TRX as shown in the figure below. The scenario entails that:

· A set of TRX associated with EIRP beam 1 includes TRXA, TRXB, TRXC, TRXD (highlighted in Yellow shade)

· A set of TRX associated with EIRP beam 2 includes TRXW, TRXX, TRXY, TRXZ (highlighted in Brown shade)

· All 8 transceivers (TAB connectors) together form a group associated with EIRP beam 3 
( TRXA, TRXB, TRXC, TRXD, TRXW, TRXX, TRXY, TRXZ. (highlighted in Grey shade)
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In this scenario, if we focus on beam group 1, since all the transceivers in this group (TRXA, TRXB, TRXC, TRXD) are calibrated to form EIRP beam 1, time difference between the TAB connectors (A, B, C, D) associated to this group will be very small compared to the requirement and it is not necessary to check the TAE requirement between these groups.
Observation 1: If multiple TAB connectors are associated to one particular beam group, it is not necessary to check the TAE requirement between those TAB connectors.

By the same logic, it is not necessary to verify the TAE requirement among the TAB connectors associated to EIRP Beam group 2 (i.e. TRXW, TRXX, TRXY, TRXZ).
However, since Beam 1 and Beam 2 are two different signals (in terms of the language used in the TR) and different transceivers are associated to these beam groups, this would mean that TAE requirement needs to be tested among these groups. In order to test the TAE requirement, it is acceptable that the timing is measured between a single representative TAB connector in each group from each pair of group. This means that a reference TAB connector can be chosen (for e.g. A ( corresponding to TRXA) from Beam group 1, and similarly, a reference TAB connector can be chosen (for e.g. Z ( corresponding to TRXZ) from Beam group 2, to test the TAE requirements.
Observation 2: If two parallel beams are formed by transceivers belonging to different beam (TAB) groups, TAE requirement needs to be verified by selecting one TAB connector from each group.

The scenario above also includes beam 3 that is formed by grouping all 8 transceivers together (TRXA, TRXB, TRXC, TRXD, TRXW, TRXX, TRXY, TRXZ). As discussed in the reasoning for observation 1, since all the transceivers are included in one beam (TAB) group, it is not necessary to test the TAE requirement among these TRX. This would mean that for the above scenario, it is not necessary to test the TAE requirement.
Observation 3: If there are two different beams formed by distinct TAB connector groups, it may not be necessary to test the TAE requirement if all those TAB connectors together form a third beam (a super set). 
It should however be noted that the above example presents a simplified scenario and there could be other examples in which all the transceivers do not fall in one beam group (super set). This would mean that the TAE requirements need to be tested between the groups as noted in observation 2. For example, suppose there are four columns, cross polarized and two types of beams. One set of 8 beams can be produced with one beam per column and polarization, whilst another set of two beams can be produced with one (beam-formed) beam across 4 columns, per polarization. Then, in this scenario, the lowest set of groups would be 2. So it is not always the case that there will be a single “super beam”.

Based on the above discussion and observations, the following rules are proposed for manufacturer declarations in relation to the TAE requirements:
· All TAB connectors must be in at least 1 group (even if it’s a group consisting of 1 connector)

· A group comprises of the complete set of TAB connectors from which a declared beam is transmitted
· The smallest possible number of TAB connector groups need to be declared such that there is no TAB connector not contained in at least one of the declared groups.

· The declarations are performed independently for each operating band.
The above discussion has used a simplified single band, single carrier scenario for explanatory purposes. It should however be noted that in case of multi-band and multi-carrier operations, the TAE requirements need to be tested. There is a need to demonstrate that the TAE requirements are met between every beam (TAB connector) group on every band and carrier. However this does not need measurement of every combination; there are ways of demonstrating that every combination is compliant based on measurement of only some combinations.
Observation 4: For the case of multi-carrier and multi-band operation, there is a need to demonstrate that the TAE requirements are met between every beam (TAB connector) group on every band and carrier.
3 Conclusion
The following three observations were made

Observation 1: If multiple TAB connectors are associated to one particular beam group, it is not necessary to check the TAE requirement between those TAB connectors.

Observation 2: If two parallel beams are formed by transceivers belonging to different beam (TAB) groups, TAE requirement needs to be verified by selecting one TAB connector from each group.

Observation 3: If there are two different beams formed by distinct TAB connector groups, it may not be necessary to test the TAE requirement if all those TAB connectors together form a third beam (a super set). 
It was additionally noted that there could be other examples in which all the transceivers do not fall in one beam group (super set). This would mean that the TAE requirements need to be tested between the groups as noted in observation 2
Observation 4: For the case of multi-carrier and multi-band operation, there is a need to demonstrate that the TAE requirements are met between every beam (TAB connector) group on every band and carrier.
Based on these observations, the following rules are proposed for manufacturer declarations in relation to the TAE requirements:

· All TAB connectors must be in at least 1 group (even if it’s a group consisting of 1 connector)

· A group comprises of the complete set of TAB connectors from which a declared beam is transmitted
· The smallest possible number of TAB connector groups need to be declared such that there is no TAB connector not contained in at least one of the declared groups.

· The declarations are performed independently for each operating band.
Text Proposals for the TR and TS based on the above are provided in [1] and [2]. 
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