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1 Introduction
In the last meeting (RAN4#92bis) a reply LS [1] was worked on to answer questions from [2] on measuring TRP in the field.
The LS was noted as the response was not needed before the RAN4#93 meeting and hence there was more time to study the issue.
This paper discusses the options and our views on them.
2 Discussion
The annex of the current draft LS response splits the in-filed measurement issue into 2 problems
1. Generating a stable signal that directional (EIRP) measurements do not vary during the measurement period.
2. Estimating the beam directivity to translate the EIRP measurement to TRP estimate.

It correctly states that only the 1st challenge is explicitly an AAS issue whereas the 2nd is the similar for any OTA BS measurement.
The annex deals with both issues, however it is the method to generate a stable signal for measurement where there are still a number of open issues. Currently 3 options are listed
1. Using an offline test mode.
2. Using known reference signals which are stable over the period of measurement.
3. Measuring over a suitably long-time during operation so that the average pattern can be considered stable.

Looking at each of these
2.1 Test mode
So far test mode has been considered as an offline feature, with the BS transmitting a specific full power test signal similar to those used for BS conformance testing specified in TS 38.141-2.
This has the disadvantage that the BS can no longer operate and take traffic, in addition the BS transiting full power in a specified direction is not a normal operating mode and whilst it would not affect the total emissions from the BS, operating in such a test mode could interfere with neighbouring cells more than a normal operating BS (as the radiated power is fixed rather than distributed over many UE’s).
However a test mode provides a simple known static condition which can be used to measure and estimate both the wanted signal TRP but also out of band emissions.
When considering out of band emissions estimating TRP from a limited number of  EIRP measurement(s) can be difficult as the gain of the antenna at spurious frequencies is related not just to the physical design of the antenna but also to the correlation level of the unwanted emission at each element. In non-AAS systems it can be assumed that the unwanted emissions are correlated in the antenna (as they come from a single source) and hence a worst case assumption is that they are subjected to the same gain as the wanted signal, this is not the case with AAS.
In an AAS only correlated signals (with appropriate beam forming weights) will form a high gain beam, uncorrelated signals will behave in a more noise like manner and will form a wide beam equivalent to the antenna element pattern.
For the FR1 AAS antenna assumed in NR the correlated high gain beam will have a gain >20dBi, whereas the element gain will be <5dBi, this obviously is a very large uncertainty.
However as the wanted signal is controlled it is possible to imagine a test mode which generates noise like or uncorrelated beam forming weights. In such a case the wanted signal will also form a wide (element like) beam. In this case both the wanted signals, and correlated and uncorrelated unwanted out of band signals will form wide element like beams, and hence a known condition is achieved.
This method has some similarity to the beam sweeping method documented in annex C of TR 37.843 where the beam is deliberately swept in order to form a wider average beam pattern and hence reduce the angular step size required to do a spherical grid TRP measurement or a field measurement if the element gain were provided then it would be possible to estimate the TRP from an EIRP measurement in the same way conducted power is estimate form an OTA measurement in existing in-field measurement methods. It also has the advantage that as the beam is wide the error caused by not being in the exact beam pointing direction is lower.
Note whilst such a method is theoretical possible it has not been researched in RAN4 and there are no test modes specified to generate such test signal and beam profiles. 
2.2 Reference signals
Using in-band reference signals as a fixed beam is an attractive solution as it means the BS does not have to be taken offline. However there are a number of issues with such a method.
1. As only certain RB’s are fixed, this can only be used by test equipment capable of selecting and measuring the power of specific RB’s
2. Method only suitable for in-band wanted signals not unwanted out of band signals
3. The reference signals use different beam shapes deepening on frequency range, (FR1 use cell wide signals, FR2 use swept narrow beams)

Despite these issues as this method avoids taking the BS offline for wanted signal power measurements it should be considered when measurement of wanted signals are considered.
[bookmark: _GoBack]2.3	Long term average
Theoretically over a long period of time the BS radiating pattern can be expected to be the same as the element pattern as power will be directed all over the cell to reach randomly located UE’s. Hence long term an normal operating BS can be regarded as generating a non-correlated beam. This has the advantage that the BS does not have to be taken offline and it can be used to estimate both wanted signal TRP and also unwanted signal TRP.
However in practice it is not clear that the BS will behave in a statistically random way over any reasonable period of time. In operation it is likely that some locations will be statistically more likely than others, such as roads, office building etc. Without understanding of the deployment of the BS and its users it cannot be guaranteed that any level of randomness is achieved and hence the error associate with such a measurement over any reasonable measurement period would be too high.
3 Summary
It would be good if RAN4 could reduce the options and provide a clear answer in the LS, however with the exception of the reference signal measurement method more development work would be required in RAN4 and currently it is not in the scope of RAN4 to specify in-field measurements. As such it is difficult to rule out any of the options.
A summary of the advantages and disadvantages of each method is given below:
	Method
	advantages
	Disadvantages

	Test mode
	Offline
	Correlated
	Simple concept to understand.
Corresponds with reported max EIRP
Existing conformance test modes can probably be used
Simple power meter used for measurement
	3GPP must define a test interface which is out of scope of RAN4 
BS is offline
High EIRP constant beams may interfere with other BS in network
Correlation only valid for wanted signal, Unknown correlation level of unwanted signal

	
	
	Uncorrelated
	All emissions (wanted and unwanted) can be treated as uncorrelated and hence the gain be more easily estimated.
No high EIRP emissions causing possible interference
simple power meter used for measurement
	3GPP must define a test interface which is out of scope of RAN4
New test signals need defining
BS is offline

	Reference signals
	No impact on operation of network
No work required in 3GPP (no new test mode)
	Only suitable for wanted signal measurement
Beam pattern assumptions different for different FR systems

	Long term average
	No impact on operation of network
No work required in 3GPP (no new test mode)
If randomness can be guaranteed then can be used for wanted and unwanted signals.
	average period for random assumption may be very long (hours/days)
Hard to prove randomness in all installations
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