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1 Introduction
In RAN#71  a new WI on enhanced AAS was approved [1]. The main goal of the new WI is to create a set of AAS BS requirements which no longer require a conducted interface and are all OTA.
An approximate plan on how we should start the work was submitted for discussion this meeting. This document expands on the subject of the in-band TX requirements.

2 Discussion

In the WID [1] it states the following about the in-band requirements
1. In band requirements where the antenna element pattern is known, but correlation levels are unknown.

· In DL requirements operating band unwanted emissions (adjacent channel interference (ACLR), UEM, etc..) and EVM should be specified in a manner which does not require excessive measurement but offers the same performance and protection as the existing conducted requirements. TDD TX OFF power and other power dynamics requirements should also be readdressed.

· In the UL an OTA reference sensitivity requirement is required to replace the conducted reference sensitivity. Once this has been established blocking, RX intermodulation and selectivity OTA requirements are needed. 

In the Rel13 version of the specification the following conducted Tx requirements exist:
	Requirement
	in-band / out of band

	Base station output power
	 

	Maximum output power
	in

	UTRA FDD primary CPICH power
	in

	UTRA TDD primary CCPCH power
	in

	UTRA FDD additional CPICH power for MIMO mode
	in

	E-UTRA DL RS power
	in

	Output power dynamics
	 

	UTRA Inner loop power control in the downlink
	in

	Power control dynamic range
	in

	Total power dynamic range
	in

	IPDL time mask
	in

	RE Power control dynamic range
	in

	Transmit ON/OFF power
	 

	Transmitter OFF power
	in

	Transmitter transient period
	in

	Transmitted signal quality
	 

	Frequency Error
	in

	Time alignment error
	in

	Modulation quality
	in

	Transmit pulse shape filter
	in

	Unwanted Emissions
	 

	Occupied bandwidth
	in

	Adjacent Channel Leakage power Ratio
	in

	Spectrum emission mask
	in

	Operating band unwanted emission
	in

	Spurious emission
	out

	Transmitter intermodulation
	 

	Co-location
	both

	Intra-system minimum requirement
	both


It can be seen that the vast majority of the requirements are in band, as such it can be expected that the element pattern is known.

2.1 In-band requirements with a known antenna element pattern

It has been stated that for the in-band performance requirements that the antenna element pattern is known but what does this mean. The antenna element radiation pattern or indeed the array radiation  for the AAS BS are not currently declared as part of the 3GPP required declarations, hence it seems odd to make the statement that the antenna element pattern is known. However when we do know from the current (REL13) declarations is:

· The direction of the highest EIRP of the wanted signal in the reference direction (Declaration D9.8)
As this is the direction of the maximum EIRP for the wanted signal, it can safely be assumed that it is also the direction of the highest gain of the array.

If the array is flat then this is also equal to the direction of maximum directivity of the individual elements. If it conformal then more information may be required to find the direction of max directivity of all the elements.

However the important thing is that’s as the measurements are in-band the element radiation pattern will be the same for both the wanted an unwanted signals. 

It is at this point that the distinction between the antenna element pattern and the array pattern needs to be highlighted. The array element pattern will depend not only on the element pattern but also the nature of the signals being applied to them. 

Wanted signals have a controllable and correlated relationship and hence the beam can be controlled and therefore tested such as the extreme steering direction tests in REL13.

Unwanted or noise signals are by definition unknown and hence the array pattern is unknown.

The requirement and measurement challenge for each requirement is different depending on its nature and its effect on the network

2.2 In–band requirements
Each of the in-band TX requirements are briefly discussed below:
2.2.1 Maximum output power
Currently this is declared per TAB connector, there are restrictions based on the declarations for each of the BS classifications (wide, medium, local).

The minimum requirement is placed on the accuracy of the conducted power.

Clearly there are some similarities between the conducted maximum output power requirement and the REL13 OTA EIRP power requirement. In both cases the requirement is on the accuracy of the measured power and both powers are in some sense a maximum.

There are however some fundamental differences between the two:

· Conducted output power offers an absolute maximum for the system i.e. the sum of all the TAB connector output powers offers a worst case max power for the system.

· EIRP values are declared per beam, they do not have to be at the condition of the maximum conducted power (although in reality this is very likely)

· Any number of parallel beams may be declared, so a single beam may not be generated by either all TAB connectors or any of those TAB connector operating at max power.

· The sum of the conducted maximum output power on all of the TAB connectors can be regarded as a TRP. The BS power limits for the BS classifications are hence based on TRP. As the OTA power declarations are EIRP the limits in the tables are not valid.

From this there are 2 issues which need solving if the maximum output power conducted requirement is t be translate to an OTA measurement:

1) The maximum output power acts as a reference case for many other measurements for example for ACLR it is important that the PA’s are operating at maximum power when tested as this is when the ACLR will be at its worst. The OTA maximum power requirement therefore must ensure by some means that this condition can be reproduced.
2) The current OTA power requirements are EIRP, in order to remain consistent with the BS classification power limits TRP needs to be known. To do this either a TRP requirement and measurement will be required or a means to translate the EIRP measurement to TRP is needed (as beam widths are also declared this may be simple enough as approx directivity can be approximated from the beam widths)

Study 1: How to define maximum output power reference case (for other measurements) using OTA beam declarations

Study 2: How to define BS classification limits based on OTA beams declarations.

2.2.2 Reference signal power requirements
There are a number of requirements based on the accuracy of the reference signals for both UTRA and E-UTRA: 
UTRA FDD primary CPICH power

UTRA TDD primary CCPCH power

UTRA FDD additional CPICH power for MIMO mode

E-UTRA DL RS power
In most cases the requirement is based on the difference between the measured reference signal and the power of the reference signal announced on the broadcast channel.

The conducted requirement for this is complex because the reference channel may be transmitted on a number of TAB connectors and may also be beam formed so the percentage of the power on each TAB connector is not the same. To solve this issue for the conducted requirement a number of rather complicated declarations based on beam forming weights need to be declared.

However for an OTA measurement the contributions from all the TAB connectors are added on air so the power measured is equivalent to the total power for the signal, the requirement hence becomes easier to both describe and to measure.

The issue still exists that the power announced on the broadcast channel is effectively the TRP whereas the beam measurement are likely to be in EIRP.

However as this issue clearly needs a solution for the maximum output power then the same solution can be used here.

2.2.2.1 Necessity of the reference signal requirements?

One final point on these measurements are on their necessity? The original source of the requirement was based on the early implementation of UTRA systems whilst meeting total power accuracy requirements individual signals which are at much lower absolute power levels within the modulation did not achieve the same level of accuracy due to the BB and converter quantization error.
Converter performance for today’s systems with multi-carrier support and BB linearization schemes place requirements on converters which are far in excess of those placed by these requirements. Hence these requirements are regarded as trivial and a case could be argued that they are no longer required (or possibly no longer require testing?)

Study 3: Are reference signal measurements required
2.2.3 Output power dynamics

These requirements are all based on step sizes and the dynamic range of the wanted signal. 

As they do not contain any absolute values then they can easily be carried out on the EIRP measurement used for the current OTA output power requirement.

As they are based on power differentials within the signal they could be done at the reference direction only.

2.2.4 Transmit ON/OFF power

Once again the measurement of off the wanted signal, but in this case the OFF level (TDD systems), as such the existing measurement methods for the EIRP output power can be used for this requirement.

There are a couple off issues which need investigating however:

1) The level of the OFF power is based on assumptions for both self deafening of the TDD receiver and deafening of other TDD systems operating on the same channel. As OTA testing is by its nature a system test including all parts of the system, the self deafening requirement will be covered by the receiver testing and hence does not need to be included in the derivation of the OFF level. 
2) Interference to other systems may be readdressed also as it is based on assumptions of antenna gain etc, as antenna again is now part of the OTA requirement the requirement may e slightly different. The derivation of this requirement may be from EIRP or TRP. This should be investigated before any changes are implemented.
Study 4: Transmit OFF power OTA requirement

2.2.5 Transmit signal Quality – Frequency error

This is the error of the wanted signal and can easily be done on any OTA signal

2.2.6 Transmit signal Quality – Time alignment Error

Currently this is specified as the time difference between 2 different signals on 2 different TAB connectors.  The nature of this requirement can be the same for an OTA requirement however there may be some issues with testing which require clarification.

Currently the 2 signals remain physically separated and can be input to 2 different channels of a BS tester. IN an OTA test they will be received from a single test antenna (on the same frequency). Hence the signals must be orthogonal and the BS tester must be capable of both separating and measuring the time difference between the two signals.

Study 5: TAE measurement capability with a single input
2.2.7 Transmit signal Quality – Modulation quality
Modulation quality or EVM is a ratio of vector representing the wanted signal and any error vector.  

In the AAS this is one of the parameters which suffers from spatial effects in the same way as ALCR. The wanted signal is correlated and controlled by the AAS. Hence the antenna array directivity at specified directions is known (or at least fixed) in the same way as the output power declarations are made.
The noise power however has an unknown correlation level, this has a different effect depending on where in the antenna radiation pattern you look:


If the noise if fully correlated then the noise radiation pattern will be the same as the wanted signal and the EVM will be constant in all directions.

If the noise is uncorrelated then the noise radiation pattern will approximate the element pattern the EVM will be effected inherently in different directions

· In the main lobe the EVM will be improved by approx 10log(n) where n is the number of sources

· In the side lobes the EVM may be improved or worse depending on the level of the side lobe

· In nulls the EVM will be worse, in deep nulls the EVM will be very large as the wanted signal is very small.

This was solved in the EL13 specification by using conducted requirements, the EVM was specified separately for each TAB connector. This effectively the same as the TRP of the wanted signal and the TRP of the noise signal.
If the requirement remains a literal interpretation of the REL13 requirement, as the radiation pattern of the noise is unknowable no declarations or assumptions can be used to translate EIRP type measurements to TRP type measurements therefore it will be necessary to actually do a TRP type measurement (i.e. the full radiation pattern). This then becomes a measurement problem rather than a core requirement problem.
Alternatively as we wish to avoid complicated time consuming measurements, a worst case requirement could be identified which requires only EIRP measurements (i.e. single measurements in specific directions). 

As EVM is important only between the BS and the UE based on the wanted signal, it could be argues that only the EVM in the lobes intended for communication is of importance and that the EVM in the side lobes and the nulls is not important. In order to come to such a conclusion however it is likely a simulation campaign will be needed to ensure that this is the case.

EVM was not simulated in detail in the REL12 SI or REL13 WI therefore this would need doing as a study in this WI.

Study 6: EVM core requirement

2.2.8 Transmit signal Quality – pulse shape filter

This s a core requirement for UTRA, it is currently not tested. However as is placed on the wanted signal can easily be translated to an OTA requirement.
2.2.9 Unwanted emissions – occupied bandwidth

Based on the bandwidth of the wanted signal there are no absolute power requirements so this can easily be translated to a requirement on the main beam.

2.2.10 Unwanted emissions – ACLR

This requirements was thoroughly studied in [3]and [4] the conclusion being:

the existing ACLR requirement of 45dB can be applied per transceiver, or across all transceivers for an AAS base station. [4]
In many ways this was one of the driving requirements of why the conducted interface was retained.

Simulations have shown that the network performance is dependent on the ratio of the total adjacent channel power and the total on channel wanted power. Further simulation is perhaps unlikely to change this result.

Translating this requirement to an OTA requirement would therefore seem to be a problem related to measurement rather than requirement. The requirement would be based on the ratio of TRP’s of the on channel and adjacent channel power.

So in the case of ACLR the EIRP measurements in currently defined at the centre of the main lobe are unlikely not be sufficient.

Study on the measurement of this requirement is therefore required, possible solutions may involve:

· Measure each TRX unit OTA with a declared element or sub array reference direction (may be same as system reference direction) one at a time and sum the results.

· + Simple and uses same test methods as existing OTA tests

· - May be time consuming in number of TR units is high

· Scan 360 deg ϕ and 180 deg θ to get a full TRP for both wanted and adjacent channel signal
· + simple for systems already providing beam patterns (near field)

· + Measurement time is irrelevant of number of transceiver units.

· – time consuming for ranges not designed for swept scans.

· Scan over limited range based on knowledge of element radiation patterns

· Other?

The optimum method may be based on the implementation of the AAS (and the equipment available to test with) hence it would seem sensible to allow any acceptable test method. However it is important before the core requirement is fixed at least 1 implementable test method is identified.

It also must be considered that the ACLR requirement contains absolute adjacent channel power values. These must also be translated to OTA requirements. The discussion will be similar to that for the spectrum emission mask / operating band unwanted emission requirement below.

Study 7:
Measurement methods for TRP type ACLR requirement

2.2.11 Unwanted emissions – spectrum emission mask/ Operating band unwanted emission
The spectrum emission mask requirement and the operating band unwanted emission requirements are similar in that they have absolute power requirements for unwanted emissions inside the operating band. They are hence discussed together.
For requirements such as this there are 2 issues which need investigating

1) Absolute limits in non-AAS are applied per antenna connector. In AAS we apply a scaling factor (NTXU,countedpercell) to the sum of the total emissions. In REL13 this scaling was discussed at length with the goal of achieving reasonable levels of emissions for AAS BS which we comparable to non-AAS systems. As the task of the REL14 WI is to translate the REL13 conducted requirements to OTA requirements the same approach is adopted. However during REL13 it was attempted to define the scaling factor on the functionality of the AAS BS (i.e. the number of MIMO/diversity transmit branches) , however it was impossible to reach agreement on any such definitions. The scaling factor in REL13 is based on number of TAB connectors and active transmitters. As an all OTA requirement does not have and accessible TAB connector to count the scaling factor will need to be readdressed. It seems that either the number of active transmitters could be a declared parameter or we re-investigate a performance based definition for the scaling factor.

Study 8: Investigate how to define the scaling factor for transmit absolute power requirements (NTXU,countedpercell)

2) The absolute limit levels are based on interference to other 3GPP systems (in the same band). The levels presumably have been derived by network analysis similar to the ACLR analysis. In  order to translate to OTA requirements offering the same level of protection it is important to know the assumptions used or deriving the current levels

a. TRP where the antenna gain is not important

b. EIRP with some assumptions on antenna gain in deployments.

Study 9: Investigate the background for in band absolute emission requirements so they can be correctly translated to OTA requirements.
2.2.12 Transmitter intermodulation – co-location

There are 2 parts to the discussion on co-location intermodulation. The conditions for the requirement i.e. the interferer definition and the requirement.

The requirement is that the unwanted emission requirements are met, as we are looking for all requirements to be OTA this will be solved so does not need discussing as part of the IMD requirement.
The conditions for the test are based on defining the interferer, there 2 things which need clarifying if the measurement is translated to OTA

1) The Interferer level – currently the interfere level is based on 30dB coupling between co-located systems. This assumption was investigated for the REL13 WI and ultimately it was decided for simplicity to maintain the same the same requirement per TAB connector as the non-AAS requirement. In doing so although the resulting requirement was correct some of the original relations between the antenna coupling and the interfering system power level were lost.

2) The direction of the interferer – the interferer in the co-location analysis is assumed to be in the near field, hence the directivity of the array and/or the element is not valid. For an OTA test for all the other transmitter requirements it is assumed the far field performance is needed. However for interferer in the IMD test must be placed somewhere in space. To do so then far field assumptions are needed for an interferer which is not in the far field

A literal translation of the conducted co-location IMD requirement to an OTA requirement could therefore be a case of placing another set of assumption on top of the ones already made.

A more sensible approach may be to look at the requirements again. As the co-location requirement is based on the assumption that an interfering BS of the same class (or output power) is located next to the system under test, an OTA requirement could be greatly simplified by not specifying a coupling between the aggressor and the victim systems but by specifying a power level and physical location (or set of locations) for the aggressor and actually place it next to the AAS under test.
Study 10: Investigate modifying the co-location IMD requirement interferer definition
2.2.13 Transmitter intermodulation – Intra BS
The intra system IMD requirement is not required when testing OTA as the antenna is now part of the system under test and hence the effects of internal coupling are fully covered by the unwanted emissions requirements and testing.
3 Summary
This document discusses each of the conducted requirements in the REL13 AAS BS specification and how they may be translated to OTA requirements. Some requirements require very little work to translate OTA and some require some study, the following subjects have been identified as requiring further study:

 Study 1: How to define maximum output power reference case (for other measurements) using OTA beam declarations

Study 2: How to define BS classification limits based on OTA beams declarations.

Study 3: Are reference signal measurements required
Study 4: Transmit OFF power OTA requirement

Study 5: TAE measurement capability with a single input
Study 6: EVM core requirement

Study 7:
Measurement methods for TRP type ACLR requirement

Study 8: Investigate how to define the scaling factor for transmit absolute power requirements (NTXU,countedpercell)

Study 9: Investigate the background for in band absolute emission requirements so they can be correctly translated to OTA requirements.
Study 10: Investigate modifying the co-location IMD requirement interferer definition
In summary:
	Requirement
	in-band / out of band
	Comment

	Base station output power
	 
	 

	Maximum output power
	in
	Study 1, Study 2, Study 8

	UTRA FDD primary CPICH power
	in
	Study 3

	UTRA TDD primary CCPCH power
	in
	Study 3

	UTRA FDD additional CPICH power for MIMO mode
	in
	Study 3

	E-UTRA DL RS power
	in
	Study 3

	Output power dynamics
	 
	 

	UTRA Inner loop power control in the downlink
	in
	No problems

	Power control dynamic range
	in
	No problems

	Total power dynamic range
	in
	No problems

	IPDL time mask
	in
	No problems

	RE Power control dynamic range
	in
	No problems

	Transmit ON/OFF power
	 
	 

	Transmitter OFF power
	in
	Study 4

	Transmitter transient period
	in
	No problems

	Transmitted signal quality
	 
	 

	Frequency Error
	in
	No problems

	Time alignment error
	in
	Study 5

	Modulation quality
	in
	Study 6

	Transmit pulse shape filter
	in
	No problems

	Unwanted Emissions
	 
	 

	Occupied bandwidth
	in
	no problems

	Adjacent Channel Leakage power Ratio
	in
	Study 7

	Spectrum emission mask
	in
	Study 8

	Operating band unwanted emission
	in
	Study 8

	Spurious emission
	out
	 

	Transmitter intermodulation
	 
	 

	Co-location
	both
	Study 10

	Intra-system minimum requirement
	both
	Not needed - remove requirement
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