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1 Introduction
In the last meeting (RAN4#83) beam specific requirements were once again discussed and a way forward [1] was approved. 
On the issue of “guarantee of several fluctuations” the requirement for time was addressed but not the issue of fluctuation over temperature.
Existing BS specifications deal with extreme conditions which include both temperature and power supply variations, it is reasonable to include a similar level of core and conformance protection for the OTA requirements, however clearly there are issues with temperature testing using far field ranges.

This paper highlights the existing requirements for extreme conditions, and also the potential solutions which have been discussed as part of the eAAS work.
2 Discussion

2.1 Extreme conditions in non-AAS MSR specifications

2.1.1 Core specification requirements

In TS 37.104 for the transmitter the following statement is made in sub-clause 6.1:

Unless otherwise stated, the transmitter characteristics are specified at the BS antenna connector (test port A) with a full complement of transceivers for the configuration in normal operating conditions.
In the following sub-clauses the only extreme operating condition requirement is for output power accuracy

In extreme conditions, maximum carrier output power shall remain within +2.5 dB and -2.5 dB of the configured carrier power declared by the manufacturer.

For the receiver a similar statement is made in sub-clause 7.1:
Unless otherwise stated, the receiver characteristics are specified at the BS antenna connector (test port A) with a full complement of transceivers for the configuration in normal operating conditions.

However no requirements are identified in the core requirements (referencing is used for many receiver requirements so the single RAT specifications 36.104 and 25.104 have also been checked)

2.1.2 Conformance specification requirements

In the conformance requirement TS 37.141, the following tests are performed over extreme conditions:

BS output power sub-clause 6.2 includes the statement in the initial condition sub-clause 

6.2.1.4.1
Initial conditions

Test environment: 
normal; see Annex B.2.

Base Station RF Bandwidth positions to be tested: 
BRFBW, MRFBW and TRFBW in single-band operation, see subclause 4.9.1; BRFBW_T’RFBW and B’RFBW_TRFBW in multi-band operation, see subclause 4.9.1.
In addition, a single test shall be performed under extreme power supply conditions as defined in Annex B.3. In this case, it is sufficient to test on a single combination of one ARFCN, UARFCN or E-ARFCN, one Base Station RF Bandwidth position and with only one applicable test configuration defined in clause 5.

NOTE:
Tests under extreme power supply also test extreme temperature.

However in sub-clause 7.2 – reference sensitivity level an extreme test is also defined in the initial conditions sub clause.

Note. the actual requirement is in the single RAT conformance spec TS 36.141 as it is referenced from TS 37.141
7.2.4.1
Initial conditions

Test environment: 


normal; see subclause D.2

RF channels to be tested for single carrier: 
B, M and T; see subclause 4.7.

The following additional tests shall be performed:

a)
On each of B, M and T, the test shall be performed under extreme power supply as defined in subclause D.5

NOTE:
Tests under extreme power supply also test extreme temperature.

Whilst it seems reasonable that there is an extreme conditions requirement in both the transmitter and the receiver and clearly output power accuracy for the transmitter and reference sensitivity for the receiver are somewhat the equivalent of each other. It is clear however that in the non-AAS specification we are testing conformance for a non-existent core requirement.

Observation 1: There is no core receiver reference sensitivity requirement for extreme conditions but there is a conformance requirement.

2.2 OTA extreme conditions

The eAAS work item is also studying the issue of extreme conditions and how they may be tested. There are a number of things to be considered
· For below 6GHz far field ranges (and even near field) ranges are very large and not compatible with existing thermal chambers.

· For range 2 (>28GHz) far field ranges and also AAS BS hardware will be smaller. No investigation has been done into the feasibility of a mm wave FF environmental chamber?

· The number of OTA measurements should be kept as low as possible, to avoid additional complexity during extreme testing

· TRP measurements should not be considered also to avoid additional complexity.

2.2.1 Transmitter

Considering these points the appropriate transmitter OTA requirement to capture the extreme condition performance of the AAS BS (or OTA range 2) is the EIRP accuracy. TRP accuracy is perhaps the direct equivalent of the existing conducted output power accuracy however, EIPR accuracy has the advantage that it is quicker to measure and also it captures the antenna beam forming performance of the system and hence satisfies the purpose of the “guarantee of several fluctuations” item.
Assuming the entire chamber cannot be used as a temperature controlled environment then in AAS the possibility of using a near filed probe as a reference and observing the variation over temperature rather than the absolute accuracy over temperature is being explored. 
It is not clear if this is considered a conformance testing issue or if the core specification will need to be altered to accommodate such a method.

There no existing requirements the range 2 NR BS for either nominal or extreme conditions, so it is difficult to discuss exactly what the consideration for the extreme conditions should be, using the existing LTE values as a guide however.

The current output power accuracy requirement for the conducted BS is ±2dB for normal conditions and ±2.5dB for extreme conditions.

The additional 0.5dB takes into account the changes in the absolute output power over temperature and power supply conditions, however with EIRP accuracy there are additional errors.

The EIRP accuracy figure considered both the conducted output power accuracy but also additional errors in the antenna hardware and also steering errors. It should be considered if the steering error in particular will also increase due to extreme conditions and if the delta between the nominal and the extreme conditions should be greater than 0.5dB

Observation 2: The transmitter extreme condition requirement should be based on EIRP accuracy

Observation 3: Additional error for extreme conditions should be considered not only for conducted power variation but also beam steering.

2.2.2 Receiver

Currently as the extreme conditions for the receiver are a conformance requirement only and not a core requirement we should consider if a receiver requirement is necessary for NR range 2 OTA.

The OTA receiver sensitivity requirement is minimum sensitivity; this is a directional requirement and meets the conditions for simplifying any potential OTA measurements, however the receiver has some complications which are different from the transmitter.

As the receiver requirement is a sensitivity threshold (rather than an absolute value), and the result is pass fail, hence if it is not possible to use an environmental OTA chamber then the approach of taking a sample and observing the variation over temperature is not possible. 

An alternative approach could be to redesign the receiver metric for the extreme testing. Measuring receiver noise floor may be possible. This could be calibrated with nominal conditions far field measurement and then the variation in noise floor observed over temperature. However such a method would not capture any steering errors.

It is arguable however if steering errors are important for the uplink, the receiver RF is open to the entire RoAoA for the elements of the antenna. Spatial selection is done under the control of the receiver algorithms which will tune the receiver ‘beam’ to obtain the best signal from the UE. Traditional steering errors therefore will not affect performance as the algorithms will compensate.

If receiver extreme condition requirements are specified therefore it would be acceptable to base them on noise rise alone.

Observation 4: As receiver extreme condition testing is not currently a core requirement is it necessary.

Observation 5: Sensitivity threshold testing cannot be done using a sample method so may not be possible without an environmental far field chamber.

Observation 6: A noise floor variation requirement is sufficient as steering error is not important in UL.
3 Summary

As the “guarantee of several fluctuations” requirement being discussed includes consideration of bema performance over extreme conditions, this paper has looked at the extreme condition requirements for the existing BS and how equivalent requirements could be applied to an NR OTA product.
Whilst the “guarantee of several fluctuations” work applies to range 2 only it is likely that extreme temperature requirements are applied to all NR BS, so the discussion is valid for both ranges.

The following observations have been made:

Observation 1: There is no core receiver reference sensitivity requirement for extreme conditions but there is a conformance requirement.
Observation 2: The transmitter extreme condition requirement should be based on EIRP accuracy

Observation 3: Additional error for extreme conditions should be considered not only for conducted power variation but also beam steering.

Observation 4: As receiver extreme condition testing is not currently a core requirement is it necessary.

Observation 5: Sensitivity threshold testing cannot be done using a sample method so may not be possible without an environmental far field chamber.

Observation 6: A noise floor variation requirement is sufficient as steering error is not important in UL.
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