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1 Introduction
The issue of the maximum TRP from the BS and beam steering was raised in the last meeting [1], it was suggested that ACLR be specified at worst case steering directions to account for any possible changes in the loading of the amplifiers generating the adjacent channel noise.

As both the wanted signal and the adjacent channel power are characterized as TRP the beam steering at first inspection would appear to not affect the ACLR performance. However during discussion it became clear that if all PA’s were not operating at full power then the distribution of power changing as the beams is steered could change the ACLR result and hence the issue requires further study.

This paper clarifies the issue and investigates potential solutions to the problem. 

2 Discussion

The issue of finding a worst case condition for transmitter requirements is not directly related to beam steering, as it is TRP and hence independent of any phase profile across the array. It is however dependent on any amplitude variation across the array and this may be a component of the beam steering. In such cases the condition may arrive where the maximum rated power of the system is lower than the sum of the maximum power of each of the elements.

The AAS/eAAS requirements avoid this issue as the maximum TRP condition for all max power requirements for the systems is defined as each TRX units being operated at full power. Any beam steering under this condition can only be done by phase steering and the TRP remains the same whatever the beam steering direction. The same is true for any adjacent channel power, as the wanted power is at maximum, adjacent channel power can only vary by phase – which would possibly affect the direction of any unwanted adjacent channel radiated power but would not affect the total radiated power.
This places the restriction on the AAS that it must be capable of turning all transmitter units on at full power at the same time. This was considered a reasonable limitation.

NR systems however are likely to have a greater number of transceiver units and hence more advanced beam forming. Using amplitude tapering to control the beam (or more importantly the side lobe levels) may be employed in NR beam forming systems.

2.1 Amplitude taper

Amplitude taper is a method used on conventional passive arrays. Generally power is distributed so that it is higher in the centre and tapers off at the edges of the array.
For the purposes of demonstration a simple taper (cosine squared with an offset) is applied across the 16 elements (in this example).
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Figure 1. Amplitude taper and effect on array
The effect on the beam shape can be seen, as the taper is more severe the side lobe levels drop, however at the same time the beam width increases and the directivity drops.

In Figure 1, the directivity has been plotted, however if the EIRP were to be plotted another effect could be seen, assuming that the maximum available output power from each element is 1, that the total radiated power is different in each case (tapering can only be achieved by reducing the power to some elements). With no taper the total weighting factor is 16, but with the 0.9 taper the total is 8.35 that’s a total power drop of almost 6dB.


With a passive antenna where the power comes from a single input it is simple to have a weighted distribution network which distributes the power without loss, i.e. lower power at the edges more power in the centre. However with an active array it would be necessary to reduce the power at some elements and increase it with others. If all amplifiers were the same size, then this would reduce the available power, i.e. not possible to increase the power beyond the amplifiers capabilities to compensate the weighted reductions. 

In most BS, power costs money in terms of hardware, DC power, cooling etc. It is unlikely that a system is built over dimensioned with more power capability than it can use. For this reason the compromise in AAS/eAAS was made assuming that the case where all PA’s were on at the same time would be feasible and could be used as a reasonable test case for compliance.
At high frequencies in particular where link budget is marginal, it seems likely that a beam forming system would be operated with the highest EIRP it can manage. In such circumstances the reduced directivity and possible lowering of total output power which is a consequence of tapering would far outweigh the benefit of using amplitude tapering to reduce side lobe levels.

2.2 Conformal array

It is possible that antenna system will be developed with conformal arrays. In such a system the radiating elements are not on a flat panel but a curved one, ultimately to get 360° coverage they may be place on a cylinder.
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Figure 2. Simplified conformal array with 3 beams
Figure 2 shows a simple cylindrical conformal array (view from the top) with 40 elements around the cylinder, where 3 independent beams have been generated. Clearly in such a case the distribution of power on each of the elements is not equal. If all elements are on then an omni pattern could be approximated, however in use the power distribution would be based on the beam direction.
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Figure 3. Simplified power distribution across conformal array elements
In Figure 3 the elements are aligned to the x-axis and the power on each from the same example beams as in Figure 2 are plotted on the y-axis. In a rather simplified example it is clear that even power distribution across the elements is very unlikely and in this case the elements on the other size of the cylinder are off. Non of this maters in a test condition where all elements can be applied on full power, however it could be that in such a system as full power is a very unlikely condition (as it requires a even loading of UE’s around the cylinder), there is a possibility that the maximum output power capability could be lower than the sum of the maximum output power of each element (this could be limited by cooling capability or power supply capability?).
Such problems seem solvable however – cooling or power supply limitations could be solved by testing half the array at a time (each half at full power) and then adding the TRP’s together. This type of solution seems simpler than having to define worst case beam directions for such a system.
2.3 Over specified requirements

The issues discussed so far have been in terms of the practicality of achieving a maximum power condition and testing it.

However if the antenna system is designed to operate with a maximum output power which is lower than the sum of the output power from each of the elements – whilst it maybe be practical to achieve the condition of maximum output power from all elements simultaneously, the emissions being measured will clearly be higher than those for the systems rated output power.

As an example a system which has 4x 10W amplifiers has a total capability of 40W but is rated at only 20W, i.e. the maximum output power at any time is only 20W.

The 20W can be achieved in a number of ways, however the 2 extremes are 2 amplifiers at 10W and 2 off and all amplifiers at 5W each.

Looking at a simple 3rd order analysis for ACLR with the 2 extreme cases and a middle case as well as the total power cases with all amplifiers on which is beyond the rated power of the system:
	 
	stage
	 
	1
	2
	3
	4
	Total

	 
	IP3
	 
	30
	30
	30
	30
	 

	Case 1
	Pout
	W
	0.0
	10
	10
	0.0
	 

	
	
	dBm
	-70
	10
	10
	-70
	13.0

	
	ACLR
	dBc
	207.95
	47.95
	47.95
	207.95
	48.0

	
	
	dBm
	-277.95
	-37.95
	-37.95
	-277.95
	-34.9

	Case 2
	Pout
	W
	5.0
	5
	5
	5.0
	 

	
	
	dBm
	6.99
	6.99
	6.99
	6.99
	13.0

	
	ACLR
	dBc
	53.97
	53.97
	53.97
	53.97
	54.0

	
	
	dBm
	-46.98
	-46.98
	-46.98
	-46.98
	-41.0

	Case 3
	Pout
	W
	2.5
	7.5
	7.5
	2.5
	 

	
	
	dBm
	3.98
	8.75
	8.75
	3.98
	13.0

	
	ACLR
	dBc
	59.99
	50.45
	50.45
	59.99
	51.5

	
	
	dBm
	-56.01
	-41.70
	-41.70
	-56.01
	-38.5

	Total Power case
(beyond rated system power)
	Pout
	W
	10.0
	10
	10
	10.0
	 

	
	
	dBm
	10.00
	10.00
	10.00
	10.00
	16.0

	
	ACLR
	dBc
	47.95
	47.95
	47.95
	47.95
	48.0

	
	
	dBm
	-37.95
	-37.95
	-37.95
	-37.95
	-31.9


The highest adjacent channel power is case 1 where 2 amplifiers are on max power and 2 are off. The result has the same relative result as the hypothetical total power condition. However the absolute adjacent channel power is 3dB lower. 

So for the relative ACLR requirement the full power condition is not any worse, but for an absolute requirement such as UEM this would represent a tightening of the requirement by 3dB.

Options to apply a fair requirement would be:

· Identify worst case (case 1 in this example) – and use that as the test condition.

· Disadvantage that amplifiers 1 and 4 are not tested at all

· Advantage that rated output power is not exceeded

· Test with max power equal to the sum of the element total powers and scale the result by the difference between the rated power and the test condition max power

· All amplifiers are tested

· Rated output power is exceeded – this may be a problem

Both methods have the disadvantage that if some amplifiers are worse than others then the worst case in not necessarily found, for example if 2 amplifiers have 1dB poorer IP3 value.

	 
	stage
	 
	1
	2
	3
	4
	Total

	 
	IP3
	 
	29
	30
	30
	29
	 

	Case 1
	Pout
	W
	0.0
	10
	10
	0.0
	 

	
	
	dBm
	-70
	10
	10
	-70
	13.0

	
	ACLR
	dBc
	205.95
	47.95
	47.95
	205.95
	48.0

	
	
	dBm
	-275.95
	-37.95
	-37.95
	-275.95
	-34.9

	Total Power case
	Pout
	W
	10.0
	10
	10
	10.0
	 

	
	
	dBm
	10.00
	10.00
	10.00
	10.00
	16.0

	
	ACLR
	dBc
	45.95
	47.95
	47.95
	45.95
	46.8

	
	
	dBm
	-35.95
	-37.95
	-37.95
	-35.95
	-30.8

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	 
	stage
	 
	1
	2
	3
	4
	Total

	 
	IP3
	 
	30
	29
	29
	30
	 

	Case 1
	Pout
	W
	0.0
	10
	10
	0.0
	 

	
	
	dBm
	-70
	10
	10
	-70
	13.0

	
	ACLR
	dBc
	207.95
	45.95
	45.95
	207.95
	46.0

	
	
	dBm
	-277.95
	-35.95
	-35.95
	-277.95
	-32.9

	Total Power case
	Pout
	W
	10.0
	10
	10
	10.0
	 

	
	
	dBm
	10.00
	10.00
	10.00
	10.00
	16.0

	
	ACLR
	dBc
	47.95
	45.95
	45.95
	47.95
	46.8

	
	
	dBm
	-37.95
	-35.95
	-35.95
	-37.95
	-30.8


If the 1st method is used then the poorer amplifiers are not tested, the result is approx 2dB better than if the 2 worst amplifiers were selected (the amplifiers are have lower IP3 by chance rather than design in this case, it is not assumed that the IP3 is known when selecting amplifiers for test).

However if all amplifiers are tested and the result scaled (-30.8dBm-3dB=-33.8dBm) the result is still approx 1dB better than the worst possible case.

The only 100% way to be sure is to test every combination until the worst case is found – in this case that would only be 6 cases but it is a very simple example – this would very quickly become unfeasible.

Currently it seems there is no simple method to avoid the over specification problem without causing a potential under specification problem or an excessive amount of testing.

The best way to specify the maximum output power condition for systems with a rated power lower than the sum of the maximum element powers therefore remains FFS.

3 Summary
The issue of systems where the maximum rated output power is lower than the sum of the maximum output power from each of the elements has been investigated.

Potential architectures where such a case may exist have been highlighted these include system using amplitude tapering to reduce side lobe levels and conformal arrays. However in both cases it seems the likelihood of the system not using the maximum available power (or the sum of the maximum element powers) at least in some scenario is very low.

Setting the requirement based on the sum of the element powers in such a case results in over specification of the requirements as the system is being tested beyond its maximum rated power. Solutions to try to find a robust methodology to test at the rated output power but to identify the worst case condition have shown it is difficult to identify this case without a large number of combinations (or beam directions). The number of cases becomes so large that this can be considered not possible. 

As it seems unlikely that systems will have rated output powers lower than the sum of the element powers and if they do the situation becomes problematic to identify a worst case condition it seems that provisionally adopting the AAS approach of the rated power being equal to the maximum power or the elements is the best solution.
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ACLR requirement associated with beam steering

NTT Docomo
�Stupid question: in this case the tapering reduces the weightening factors almost by 2, so why its ~6dB (and not ~3dB)? Is it related to tapering across the array in two dimensions? 


�Taper is applied as in voltage domain not power so 20 log.





