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1 Introduction
The TP [1] to the TR38.803 was approved with a number of open issues concerning beam specific requirements for NR range 2:

It was proposed the necessity beam related NR specific requirement. Following six potential candidate requirements are proposed in the SI phase.

· "Guarantee of several fluctuation(Beam stability)” by R4-1700173

· "EIRP envelope curve” by R4-1700173

· "Beam steering speed” by R4-1700173

· "SLSR(Side lobe suppression ratio) by R4-1610576

· "FBR(Front-back-ratio)” by R4-1700161

· "multi-beam signal quality and spatial selectivity for spatial requirements” by R4-1700221

It was proposed to identify the pro’s and con’s of each of these requirements. 
This paper provides our view of the pro’s and con’s of each.
2 Discussion

2.1 Guarantee of several fluctuation(Beam stability)

The intention of this requirement is to ensure that the beams are held stable over time, and the performance does not fluctuated with; temperature, voltage, time, etc..

Most of these conditions can be covered by the existing ‘extreme conditions’ in the existing specifications (certainly temperature and voltage. Time is an additional parameter.

 It can be noted that for the existing conducted requirements Tx output power accuracy and reference sensitivity only are tested under extreme environments.

Combining extreme environment and OTA testing however is very difficult due to the incompatibility of the 2 types of chambers for each. It is not feasible to turn a large far field OTA test chamber into an environmental chamber. 

The eAAS WI is investigating how to maintain some level of extreme environment testing when the  interface is OTA only. It is likely this will involve a means to contain the AAS BS inside an environmental chamber which does not give an accurate OTA result, but the OTA load is constant and hence the delta between the nominal conditions and the extreme conditions can be observed.
If the OTA load is constant and only the temperature changes then changes due to output power accuracy and to some extent in phase accuracy will be cause the measured power to change as the conditions change. Hence if a similar A similar methodology could be applied to NR, some level of beam stability over extreme conditions could be specified.

With respect to time and aging, clearly core requirements are intended to be met over the life of the product, but currently 3GPP conformance specifications do not try to measuring ageing effects. It is difficult to see how such could be achieved with a OTA NR system. 

2.2 EIRP envelope curve
The background behind this proposed requirement is switched beam systems where there are a finite number of beam positions and beam widths, and hence there are ‘gaps’ between the beams.

An example is given in [2] which shows that by introducing more steps the gap between steps is reduced, i.e. from case a to b in figure 1.
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Figure 1. Examples of gaps between switched beams

However it is also possible to make the gap smaller by making the beam width wider as in case a to c.

Whilst it is clear that by going from case a to c the performance is likely to be better the same is not true when going from a to c where the EIRP is lower (although TRP is same) and there is greater interference due to the wider beams.

So the situation exists that whilst it’s clear that signal level drops between beams, it is not so clear if it is reasonable to place a restriction on that. It is conceivable to consider a possible solution to the problem (case c in figure1) which meets the letter of the specification but may harm network performance. The trade off between number of steps, step size, beam width etc seems to be implementation dependent and hence placing a requirement on it may be unnecessarily restrictive.
Further cons are that as it is not clear where the nulls are this would require measuring the EIRP in every direction for each beam in order to find the gap depth. This is considerably more OTA measurements than currently considered for EIRP which is only 5 directions.
2.3 Beam steering speed
For requirements which rely on user beam steering to achieve the required level of performance (for example EVM), it is necessary that a beam is pointing at a UE during the appropriate resource block. In order that resource blocks are not wasted it is reasonable to expect a maximum time to switch from one beam to another.
This requirement is perhaps only an issue for certain architectures where analogue components are used to steer beams, digital beam forming architectures would be expected to switch instantaneously. However some NR architectures may use RF beams steering or switched beam steering so it seems reasonable.

One problem with such a requirement however is it may be a complicated measurement. Currently OTA systems investigated for AAS work test a single direction at a time. Whereas to measure beam speed would require at least 2 receivers one in the beams starting location and one in its final location.

This would be difficult for both a CATR system and a near field system. The CATR uses a reflector to columnate the field so it behaves as if it is in the far field. Typically only a single reflector exists in a system and only a single direction can be measured at a time. The near field system measures the whole near filed and applies algorithms to estimate the far field performance, this requires that the field remains stable over the length of the measurement.

So only a far filed chamber would be capable of making such a measurement, as such it would be restricted to high frequency systems where the far field is manageable.

It is perhaps feasible to consider measuring a single direction at a time and measure how quickly a beam can be steered away and how quickly it can be steered to a single location. 
2.4 SLSR(Side lobe suppression ratio) and FBR(Front-back-ratio)

We discussed this in [3], where the following conclusions were reached:

· Beam side lobe level is much more sensitive to errors than EIRP accuracy – however is not a useful parameter to consider as a minimum RF requirement.

· Beam forming is rarely in a reflection-less environment, for complex beam forming weights side lobe level requirements are not so meaningful.

· Element (or sector) side lobe attenuation and front to back ratio (in azimuth) are more important spatial parameters but are not directly related to beam forming.

We do not believe SLSR of beams is an important parameter for OTA performance and specifying it may limit implementation. Phase and amplitude accuracy between beam forming branches are covered by alternative requirements. 

If a requirement were made to limit interference outside the system target coverage range then a back to front ration or out of sector attenuation would be better parameters.

Spatial requirements based on minimizing interference between cells should be based on cell coverage declarations not beams.

2.5 multi-beam signal quality and spatial selectivity for spatial requirements
Multi-beam requirements imply that the system uses MU-MIMO where a frequency and time resource is reused by utilizing spatial selectivity.

However the nature of the system to separate paths and generate beams which offer maximum throughput is more a feature of the algorithms than the RF hardware. The phase/amplitude profile for each beam is optimized to provide maximum throughput, it is conceivable that interference level is higher at the expense of signal level being higher, or more spatial multiplexing layers being used.

As such the requirement seems more like a performance requirement than an RF requirement.

This requirement could be interpreted as a SLSR requirement for user beams, however for the same reasons given in section 2.4 and [3] we do not believe it is sensible to place restrictions on the shape of the beams the system can form. What is important is that the system can form a beam as it intends to do, in reality this is a phase and amplitude accuracy requirements between transceiver units. The accuracy of the phase and amplitude between the transceiver units can be verified in a number of ways:

· EIRP accuracy: this requirement already exists – the accuracy is sensitive to both amplitude and phase errors. 

· Beam steering: without control over amplitude and phase it is not possible to accurately steer the beam. EIRP accuracy at extreme steering directions shows this is possible.

· Side lobe level: for a specific beam a side lobe level accuracy can be related to a phase and amplitude accuracy – this is a conformance means to show phase accuracy is met rather than an actual side lobe level. Side love levels are more sensitive to phase error than EIRP and hence this is suitable if the requirement is beyond what is demonstrated by EIRP accuracy.

· Null location:  controlling nulls is much harder than controlling the wanted signal as it requires a greater phase accuracy. As with side lobe level as a means of showing conformance this could be used to demonstrate phase accuracy.

EIRP accuracy and beam steering are already tested in AAS. Side lobe or null steering performance in response to certain conformance test vectors as indicators of phase and frequency accuracy may be considered. However as the relationship between the conformance requirement and antenna geometry are linked the conformance requirement definition is likely to be complex.
3 Summary

The 6 proposed beam specific requirements highlighted in [1] have been investigated and expanded on.
Extreme environment testing is current a requirement for power accuracy and receiver sensitivity. It is not possible to do far field measurements over environmental conditions so as few as possible should be specified. eAAS is looking at methods which use a near field or sample measurement and observe the difference over temperature rather than the absolute value. If approved this method should be also used in NR, but no further environmental requirements are recommended.

Beam gap and switching speed are particular to switched beams system or RF beam steering applications. 

Whist beam gap is certainly a parameter which can be measured, what is a correct combination of gap depth, beam width, step size and steering range are all based on how to provide an optimum solution. Whilst beam gap is important specifying it would be similar to specifying a minimum step size or minimum beam width, these are not necessary as they are implementation dependent

Switching speed is a valid requirement to consider, however it poses some measurement problems which invalidate a number of the OTA methods current proposed for AAS. For high frequencies where far field chambers are more feasible and perhaps switched beam system s are more likely this could be considered.

Side level and front to back ration are parameters which are current quoted for passive antennas but a minimum requirement does not exist. The required level of performance is decided by the market (cost vs, performance trade off). It is not clear if a optimum minimum requirement for these parameters is required or if the same process can be applied to an OTA BS. Also if the same requirements were applied to an OTA beam forming system they should not be applied to the beam but to the coverage area, the beams should be free to be any ‘shape’ as it is optimized for improving link quality rather than shape. It will only be a traditional shape in a reflection less LOS environment. 

Multi-beam requirements are difficult to distinguish form algorithm performance. If needed such issues should be in the performance requirements. What is important for an RF parameter is perhaps phase and amplitude accuracy, this parameter is included in existing EIRP accuracy. If this is not sufficient then conformance to certain accuracy requirements may be demonstrated with side lobe levels or null direction of defined test signals , however as these are also dependent on antenna geometry such conformance requirements may be difficult to devise.
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