3GPP TSG-RAN WG4 Meeting NR#3

R4-1709732
Nagoya, Japan, 18-21 Sep, 2017
Source: 
Huawei

Title: 
Range 2 - Receiver reference and minimum sensitivity and antenna gain.
Agenda Item:
3.4.4.4.1
Document for:
Discussion
1 Introduction
In the WF [1] a number of options were given to find a minimum receiver gain value in order to derive a minimum OTA sensitivity for range 2 requirements.

1. Use an agreed fixed minimum antenna gain to obtain a fixed level.

2. Use a sub classification of BS such as: 6 sector, 3 sector, omni-directional, etc.., each with a different minimum antenna again assumption.

3. Use a method based on a declared RoAoA similar to AAS

4. Use declared only requirement.

5. Anything else

In the last meeting [2] was presented proposing option 1 with a value based on the antenna used in the co-location simulatin work.

2 Discussion

It is assumed that the range 2 BS will require beam forming to provide sufficient coverage range. This is different to a range 1 AAS BS where it is assumed that beam forming is not mandatory (a range 1 AAS may be a TRX connected to a passive antenna).
2.1 Fixed minimum antenna gain

Whilst when examining co-existence RAN4 concentrates on 3 sector scenarios, it is perhaps premature to assume that all range 2 BS will be 3 sector sites. Clearly there are a number of other options which could be considered:

· Omni directional – Implementing an omni directional AAS with beam forming is more like a conformal array with radiating elements wrapped around a cylinder. Such system are harder to model and may be considered more advanced. However it is perhaps unlikely that such a system will have the same aperture in each direction as a 3 sectored panel and hence it could be expected that the antenna gain is lower.

· 6 sector sites -  these are use in existing systems to get greater throughput by greater levels of reuse of the spectrum. Also as the cells are narrower the antenna gain is higher so they may be used to extend the cell radius. If bema forming is used then the throughput due to spatial selectivity is perhaps already extracted, however for a larger cell it may be a higher minimum gain is expected.

· 2 sector site – commonly used to look up and down a road/track, in such cases it is conceivable that a narrower RoAoA would be required but greater gain?

It is possible that a single minimum gain requirement is suitable for all the options mentioned above, however until more is known about potential implementations is it safer to assume that they may require different minimum antenna gain. 

Option 1 is therefore perhaps restrictive and option 2 offers a more flexible approach. Of course at this stage RAN4 could agree only on the 3 sector case but leave the method open to include additional implementations as they are proposed.

Observation 1: RAN4 could agree to use option 2, but only define a single sub-classification at this time for the 3 sector case. 

2.2 AAS (NR range 1) Sensitivity

The UL in the AAS requirements is defined in terms of a Range of Angel of Arrivals (RoAoA), this defines the spatial area over which the receiver can offer a minimum level EIS.
Somewhat due to historical reasons the AAS specification has 2 requirements for OTA sensitivity the background is captured in TR 37.843:

In the Rel-13 AAS BS specification TS 37.105 [3] there are 2 requirements related to receiver sensitivity:

· Reference sensitivity part of the conducted receiver requirements; applies per TAB connector.

· Sub-cause 10.2 OTA sensitivity: Part of the radiated receiver requirements; applies in the far field region over the declared OSDD.

The Rel-13 OTA sensitivity requirement currently is based on meeting a declared EIS value over a declared RoAoA. This declared requirement is maintained for Rel-15 AAS BS OTA sensitivity requirement. In addition, in order to provide a minimum EIS requirement level which can replace the conducted reference sensitivity level, additional minimum requirement is set based on the existing conducted minimum requirement in Rel-13.

As the declared RoAoA for the Rel-13 OTA sensitivity requirement is not bounded by specific requirements (such as the 3dB contour) it can capture a much larger RoAoA and hence demonstrate the spatial performance of the receiver including the antenna. One important characteristic which can be captured is the scan loss of the system due to large steering angles and antenna geometry.

The OTA reference sensitivity (OTA REFSENS) requirement is the OTA equivalent of the conducted reference sensitivity, its intention is not to specifically capture antenna performance but rather to estimate an equivalent passive antenna gain if it were being used in the same deployment scenario and show equivalence to the conducted requirement.

The OTA REFSENS requirement does not replace the existing OTA sensitivity requirement in sub-clause 9.2 of TS 37.105 [3] but it is an additional new OTA requirement.

OTA REFSENS uses the declare OTA REFSENS RoAoA to ensure that the conducted levels at each of the receiver units inputs is the same as the conducted levels for a hybrid AAS system. The specification is designed so a transceiver unit connected to a passive antenna , the OTA RESENS RoAoA is equal to the 3dB beam width of the passive antenna and that the EIS will be equal to that of the transceiver connected to the passive antenna.

OTA sensitivity (from REL13) uses a declared EIS value over the RoAoA so can deal with a beam forming system where the expected EIS will be much lower than that of the OTA REFSENS, however it can also handle systems where there is no beam forming. As multiple OSDD (OT Sensitivity Directions declaration) may be declared, OTA sensitivity may also be used to declare larger RoAoA with higher EIS values.
Observation 2. The eAAS declarations are not suitable for MR range 2 as they do not ensure a minimum level of beam forming.

2.3 Declaration only

A declared minimum sensitivity value could perhaps be considered although it does not offer an minimum requirement. Whilst AAS has a declared only OTA sensitivity (from REL13) for both b=hybrid and OTA AAS BS, in both cases this is supported by a guaranteed reference sensitivity requirement.

Also it is necessary to have a fixed assumption of antenna gain and wanted signal level to define the blocking requirements else these are also effectively declared.

Observation 3 :  a declared only sensitivity offers no minimum requirement for both sensitivity and interference requirements, this is not the target of the receiver requirements
2.4 Minimum gain assumptions

In [2] it was suggested to use the gain assumptions from the co-existence simulations, however there a number of problems with this as was highlighted in [3].

The assumed directivity and therefore gain of the array should be based on the directivity, the maximum directivity of an antenna is defined as: 
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Also it is important that the element pattern selected is suitable for the array design. For example the element pattern used for the co-existence array is 65°x65°, the directivity of this pattern is approx 9.8dBi, as it is given gain of 8dBi – this implies a loss of 1.8dB.
These are the same values used in AAS where the element size was 0.9λ, note using the aperture of the element to calculate gain gives:
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Whilst there is a small error it can be seen there is alignment between using element aperture and its bema pattern to estimate gain.
However the separation of the elements is 0.5λ so it cannot be larger than this, using the aperture to estimate gain gives:
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Such an antenna has a beam width of approx 130° not 65°.
When looking at the array the error in element pattern results in a small error in total directivity.

With 8x16 array, 0.5λ element spacing with 65° element beam width , D = 26.4dBi

With 8x16 array, 0.5λ element spacing with 130° element beam width , D = 26.1dBi

The error is only small as most of the directivity is achieved by the array rather than the element.

So using the correct element assumptions for the pattern the Directivity of the array is 26.1dBi. If the same loss is assumed i.e. 1.8dB, then the antenna gain (in peak direction) is 26.1 – 1.8 = 24.3dBi.

To find a suitable minimum antenna gain expectation a number of other things should be considered, these have also been included in the AAS antenna gain calculations

Off peak margin 
The maximum directivity is calculated at the reference direction, as the beam is steered gain will be lost. The off peak margin is included it accounts for that. In AAS as the element was 65° which reasonably matches the beam width of a passive 3 sector antenna , hence it was necessary to steer the beam to the edge of the element pattern and so the off peak margin was 3dB
As discussed with the closer element spacing assumed for NR, the element pattern beam width is closer to 130°, hence for a 3 sector coverage it would probably not be necessary to steer to the element 3dB point. At 32.5dB steering angle in azimuth the directivity has dropped by approx 1dB (from 26.1dBi to 25.1dBi)

[image: image4.png]Off peak Loss (dB)

Off peak loss vs steering angle in azimuth

N\

\

\

10 20 30 40 50 60 70
Steering angle (deg)





It can be noted that the off peak margin and the RoAoA for the receiver sensitivity are related. It is important that any fixed antenna gain estimation takes into account the required RoAoA. 

If the RoAoA is declared then this could be restricted by a fixed off peak margin.

Observation 4: The off peak margin is related to the steering angle and hence the RoAoA.

If the co-location antenna is taken as a reference for the minimum antenna gain then the off peak margin would be 1dB.
Beam forming implementation margin.

 The simulation of beam forming makes a number of idealised assumptions, these have been considered in AAS 

· Steering error
As OTA sensitivity is a directional measurement, it assume that eh bema is pointing directly at the direction at which the source is located. It is known that phase errors between the transceivers cause beam steering errors. For the AAS antenna considered this as approx 0.5dB. The value for range 2 systems is FFS.
· Correlation of noise sources in RX units.
All AAS receivers rely in the unwritten assumption that the noise from each of the receiver units is uncorrelated, if the noise were correlated then it would add and all the beam forming gain would be lost due to the additional noise. Whilst the assumption is reasonable, partial correlation of receiver noise is feasible and could because by: mutual coupling between antennas, shared LO noise, correlated spurious signal (on PSU etc). It is difficult to quantify such things and clearly it is a design parameter to maintain noise isolation between receivers, however this is likely to be tougher for range 2 frequencies than range 1, also the closer antenna geometries will result in greater mutual coupling between elements, a mutual coupling of 15resulst in potential correlation of 0.03 which could desensitize receiver by 0.1dB, 10dB mutual coupling gives a potential correlation of 0.1 or approx 0.4dB desensitisation.
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· Baseband combining efficiency/implementation margin
Base band algorithms when operating at nose levels are not 100% efficient, however the OTA sensitivity is done in a reflection less environment so the algorithms should not have much work to do. Also this can perhaps be combined with beam steering error. If the algorithms are pointing the bema then this is already included.
In AAS this value is still being discussed but it is agreed it is between 1 and 2dB (assume 1dB for example)
So finally the minimum gain for the co-location antenna is given by:
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This is valid over a 65° RoAoA (azimuth and elevation)
3 Summary
In this paper we have discussed the options for minimum gain requirement fo rteh OAT sensitivity requirement. The following observations have been made:

 Observation 1: RAN4 could agree to use option 2, but only define a single sub-classification at this time for the 3 sector case. 

Observation 2. The eAAS declarations are not suitable for MR range 2 as they do not ensure a minimum level of beam forming.

Observation 3 :  a declared only sensitivity offers no minimum requirement for both sensitivity and interference requirements, this is not the target of the receiver requirements
Observation 4: The off peak margin is related to the steering angle and hence the RoAoA.

The observations show that the AAS method fpr deriving OTA sensitivity is not suitable, and that a declared only requirement would also mean no minimum requirement for interference measurements. These option can therefore be discounted.

Not enough is known about NR range 2 deployment at this stage to agree only 1 deployment scenario so option 1 can be rejected, however as only 3 sectored deployments have so far been studied on RAN4 and the schedule to make a decision is very short we could agree to use option 2 but with initially only a single BS deployment covered.

Furthermore the method to estimate the minimum antenna gain has been investigated, it has been highlighted that the existing co-location antenna descriptions have some errors which do not affect the co-location work but are very important when agreeing an absolute minimum sensitivity level.

The error shave been corrected and the various margins which need to be added to the directivity figure have been discussed and preliminary quantified resulting  in the following calculation (for the co-location antenna)
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At this time this is given as an example, the values of the RoAoA (and hence directivity margin) and the implementation margin should be further discussed. Also it should be discussed if the co-location antenna is a suitable baseline for minimum expected antenna gain.
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