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1 Introduction
In the last meeting the issue of spatial (or beam forming) requirements for the NR system has been raised.
In [1] the following observations were made:

Observation 1: SLSR (i.e. Side Lobe Suppression Ratio) is proposed to be defined by the given formula for 5G NR BS.
Observation 2: Antenna array parameters and phase error should be considered to define the requirement of SLSR.
Observation 3: The proper requirement of SLSR will be determined via a good compromise of RF characteristics and deployment requirements. 
And in [2] the following observations and proposals were suggested:

Observation 1: In the existing specifications, antenna characteristics are out of scope since beam forming is not required as a mandatory and requirements are specified at antenna connector.

Observation 2: Beam directivity (beam forming) is one of the essential capabilities to compensate for large pass loss for NR with at least high frequency.

Proposal 1: For NR with at least high frequency, beam directivity characteristics should be included in the scope of RAN4 specifications.

Observation 3: It will be required that BS can change steering direction expeditiously to track UE movement.

Observation 4: It is required that BS can change the steering direction with small angle step to shoot beam to the desired UE, especially when distance between BS and UE is large and beam-width is narrow (steering angle step equal to or close to beam-width would be required).

Observation 5: It is required that BS has wide steering angle range to cover wider area, especially when distance between BS and UE is small and beam-width is wide.

Proposal 2: RAN4 should discuss the necessity of the requirements relevant to the beam formed antenna array(s), which can be new NR BS RF requirements.

[2] also mentions the issues of a side lobe suppression but no formal observations or proposals are offered. 

This contribution further discusses the issues around spatial and beam forming requirements.
2 Discussion

The proposals in [2] are based on the performance between the BS and its intended UE. Beam directivity, steering step size and steering range all refer to the performance of the wanted beam.

The observations in [1] are perhaps more concerned with the interference caused by the beam to other UE’s. Side lobes are unwanted radiation which will interfere with and act as co-channel noise to other UE’s.

Both parameters are however to some extent dependent on the same error sources:

· Antenna element radiation pattern front to back ratio (FTVB) and side lobe attenuation (SLA).

· Transceiver unit phase and amplitude accuracy.

· Array geometry accuracy.
2.1 Existing OTA requirements (AAS BS)

Whilst they are limited, the existing AAS BS radiated requirements do contain some spatial requirements. The EIRP accuracy requirement mandates that the EIRP at declared direction shall be within a certain accuracy window (i.e. ±2.2dB). The output power accuracy is derived from a number of error sources as described in TR 37.842 [3]:
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 - is the maximum conducted output power error at the transceiver unit output.
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 - is the variation in main beam EIRP due to beam forming errors caused by phase error at the transceiver unit output.



[image: image6.wmf]array

s

  - is the variation due to the error in the passive elements, the RDN, the antenna array gain errors, mismatch errors and insertion losses variations.

The error sources which are responsible for beam performance have therefore to some extent been considered in the existing EIRP accuracy requirement.
The existing EIRP requirement is valid over a declared range of steering directions also shown in [3]:
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Figure 1. Examples of AAS BS beam declarations depicted in a directions diagram
The declarations may take many forms and allow for:

· no steering (fixed beam systems), 
· discrete steering directions (switched beam systems), or 

· steering over a continuous range either in 1 or 2 dimensions. 
For NR BS it seems likely that beam steering will be a necessary feature and a mandatory requirement, hence the existing AAS BS declarations may have some restrictions placed on them. 

2.2 Sensitivity to error

Although EIRP accuracy is included in the existing AAS OTA requirements, EIRP accuracy is not as sensitive to errors as some other beam parameters. Side lobe levels or null directions are far more sensitive to phase error than EIRP accuracy (or beam directivity).

The effect of phase error on main beam gain and side lobe level was investigated in [4], some of the results are shown below:

[image: image8.emf]0 20 40 60 80 100 120 140 160 180

-35

-30

-25

-20

-15

-10

-5

0

5

10

15

20

 

 

X: 114

Y: 1.081

antenna pattern gain

angle (deg)

Gain (dB)

nom

max

min

[image: image9.emf]0 20 40 60 80 100 120 140 160 180

0

5

10

15

20

25

30

X: 114

Y: 10.66

antenna pattern gain variation

angle (deg)

Variation (dB)


Figure 2 Beam pattern and gain variation with max and min hold. [4]
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Figure 3. EIRP variation vs. amplitude error and phase error - 3D [4]
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Figure 4. Side lobe level variation vs. amplitude error and phase error – 3D [4]
In Figure 2 it can be seen that whilst the main beam varies by less than 5dB the sidle lobe level varies by almost 30dB, with the worst case being only about 10dB rejection. In Figure 4 it can be seen that the side lobe level variation is almost all due to the phase error between the transceiver units.

If side lobe level is a necessary parameter to include in the NR BS specification then clearly although the phase error is included as part of the AAS BS EIRP accuracy requirement it is not as sensitive to phase error as the side lobe level. Hence if a side lobe level requirement were introduced it is likely that the tolerance range of such a requirement would have to be very large to allow for reasonable phase matching tolerances between transceiver units. 
2.3 Side lobe level
When looking at antenna performance and setting requirements we generally consider maximum gain beams (where the outputs of all transceiver units are phases aligned to produce a single narrow beam) in a single direction. These are easy to simulate and are useful to analyze variation. However in reality the BS forms beams which are the inverse of the channel. Channel estimations are either made based on analysis of the received signal (TDD) or via feedback from the UE (FDD). For NR it is likely that TDD will be used and hence the quality of the channel analysis and the ability of the BS to replicated the inverse of the channel will define the system performance to some extent. However this functionality is more to do with RRM/demodulation than with RF performance. The RF requirements are that the ‘beam’ can be accurately reproduced to the required level.

In <6GHz systems it is assumed that in most cases multi-path channel exists (NLOS), for >6GHz it is assumed we also have NLOS cases and hence it is likely multi-path will also be a problem. The channel in a multi-path environment however will be complex, and hence the inverse of this channel will also be complex. Unless the system is operating in a reflection less environment, the actual beam the BS generates is unlikely to look like the beams we analyze.
A simple example:
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Figure 5. Example of a multi-path beam

The path consists of 3 reflections each with azimuth angles from the BS sector centre of 0°, 15° and -50°. The composite beam is difficult to describe and to allocate a side lobe level to.
Core requirements are intended to be met under operational conditions (not just test conditions),  side lobe level requirements are only reasonable if a single maximum gain beam is considered hence any requirement which mandates a certain side lobe level hence to meet the requirement the system would only be able to operate with maximum gain beams in a single direction. Operationally this mode is likely to be of limited use and is of course not the intention of such a requirement, the point being made is that it is very difficult to know the ‘shape’ required of a beam and hence it is dangerous to place requirements on such a shape.
2.4 Sector to sector leakage

Traditional passive antennas will have parameters such as side lobe attenuation (SLA) and front to back (FTB) ratio which have some similarities with the beam forming parameters being discussed, however their effect on the network are distinctly different.
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Figure 6. Example 3 sector site

It can be seen in Figure 6 that the side lobe power and the power radiated in the rear direction directly produces interference in the joining sectors. 

However in an active system these parameters are not dependent on the beam forming but on the element pattern, in simulations we attribute a level of 25dB to SLA and FTB and this is used to simulate the antenna element pattern, whatever beam forming is done it is done within the confines of this element pattern and cannot exceed it. Generally with the active system the side lobe level of the composite beam will be lower than the side lobe levels of the element pattern alone (see Figure 7) as the level is dependent on both the element pattern and the side lobe level generated by the array pattern. 
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Figure 7. Composite and element pattern (composite side lobes are lower than element pattern)
The parameter which is perhaps of interest therefore is leakage levels outside the sectorisation which can perhaps be characterised as the area outside the intended coverage area of the system (this is not necessarily the same as the steering range). It would be reasonable to ensure that antenna systems to be used in a sectored layout may need such a requirement.

Passive antennas have a FTB ration specified, this value may vary with frequency range and also with antenna quality (angle is approx 20 to 30dB). The decision on the required FTB for a specific installation is left to the market to decide rather than being mandated. As the interference only affects your own system then this seems reasonable.
If this is to be mandated for NR system is FFS, however it would seem a good start to look at co-channel interference scenarios and vary the FTB and SLA values for the element patterns. 

This argumentation holds for azimuth, however in elevation it is sometimes desirable to have large side lobes on the low side of the radiation pattern and lower ones on the high side. Side lobe analysis and performance evaluation in elevation is FFS.

3 Summary
Some of the issues around NR BS spatial requirements have been investigated, it has been found:

· Wanted beam performance is currently covered by the AAS BS requirement for EIRP accuracy.
· Existing AAS BS steering directions declarations may need refining for NR BS.

· 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.
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