Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG4 #78bis
R4-162087
San Jose, Mexico, 11th – 15th April 2016
Source: 
Ericsson 

Title:  
Overview and priorities for AAS Rel-14
Agenda Item:
7.14.1
Document for:
Discussion
1 Introduction

During RAN#71, a new WI for AAS was approved. The overall goal of the WI is to develop a complete OTA requirements approach, such that all parameters are covered by system requirements and that conducted testing, with the associated need to building test connectors is avoided.
The work involved in moving to all OTA requirements is an essential part of developing a complete standardization approach to advanced MIMO schemes such that AAS basestations can be built to a commercial standard of cost and quality and proper behavior when integrated into a network is ensured.
The scope of the work needed to create OTA requirements is very large and the extent of technical complexity is greater than that of the previous Rel-13 AAS WI. In order to secure good progress with the work, it would be helpful to focus the attention of the discussions onto a subset of the requirements during each stage of the discussions. The intention of setting a focus would not be to compromise the goals of the WI, which are to find solutions for all requirements, but rather to avoid the discussions and meeting preparations becoming overloaded by attempting to consider a large number of threads of discussion spanning many technical issues for many requirements simultaneously. The focus should not be as narrow as handling one requirement at a time, but should be sufficient to facilitate efficient meeting preparation and discussions.
This contribution provides a brief overview of some top level considerations for each requirement type, and then makes a recommendation as to where the initial focus should be.
2 Black box approach

The WI scope states that the aim of the WI is to specify core RF requirements as radiated requirements. Setting all requirements radiated enables technologies to be built that do not support connectors for conducted testing. In addition, it ensures that when antennas and radio are integrated to provide a complete system, requirements are placed on the whole system (i.e. the whole eNode B including antennas).
Setting requirements on the whole system implies that the requirements should be independent of the internal design and components of the system. Ideally, the requirements should apply independently of how the AAS array is built, how many transmitters and receivers exist, the geometry of the antenna array etc. This is analogous to the manner in which 36.104 does not make assumptions on the nature of the mixers, oscillators, amplifiers etc. that make up the transmitter system.
With regard to the array geometry, it should be borne in mind that ideally the requirements should be applicable for any type of array. This might imply array geometries that differ from the linear and matrix considered right now with irregular element placements (and potentially different pointing directions for different radiating elements). These may range from multi-band antennas with interleaved antennas of different bands to advanced conformal arrays for future evolutions of MIMO.
Thus the following should be avoided:
· Making requirements depend on the number of or nature of transmitters or receivers, antenna elements or sets of beamforming weights in baseband.
· Making assumptions about the array geometry

· No assumption of a “boresight”

· No assumptions on “worst case” or “best case” directions or polarizations for requirements, as these would assume some knowledge of the radiating elements inside the box.

The considerations are presented as an ideal. The work on developing the requirements should aim to keep to these principles and break them only if it is absolutely necessary in order to specify or test a requirement in a robust manner.
3 Downlink core RF requirements
In-band, co-existence and co-location related unwanted emissions

This sub-bullet considers in-band absolute unwanted emissions and also emissions requirements relating to co-location (such as protection of RX band etc).

A primary question to address with these requirements is whether the requirement should be set as an EIRP or TRP (i.e. whether the requirement relates to radiated energy in one direction, with directivity or energy radiated around the whole sphere). EIRP has been considered as a requirement in the past for systems consisting of a passive antenna. However, as explained in [1], EIRP requirements are generally based on an assumption that the EIRP is a stable product of a conducted power level and a fixed gain, and that the variance of gain between systems is fairly low whereas neither of these assumptions are generally true for active arrays, for which spatial patterns are complex and correlation of TX signals low outside of the immediate adjacent channel. Furthermore, system simulations suggest that it is actually the total power of unwanted emissions that impact co-existence KPIs. The question of TRP vs EIRP needs careful consideration and is discussed in more detail in [1].
Most of the unwanted emissions requirements defined in the release 13 AAS specifications are based around an emissions limit for the band within a cell area which takes into account a declared number of active transmitters and minimum cell configuration. When considering OTA emissions, these concepts need to be re-examined. Declaring active transmitters contradicts the aim of black box requirements as discussed in section 2. Setting emissions per cell on a minimum cell configuration and measuring OTA would raise the need of defining a spatial region in which a cell should operate.
When setting emissions requirements, conformance testing needs to be taken into account. For measuring TRP, a method with a sufficient sampling grid resolution and measurement time is required, or alternatively a test facility that measures power in a non-directional fashion. Measuring EIRP becomes complex when considering that the direction of maximum EIRP may differ from that of the wanted beam and may require a detailed scan of multiple directions (at multiple frequencies). Apart from the impact of the metric, the link budget within measurement facilities must be considered, since emissions levels are much lower than wanted carrier EIRP.
Similarly to the TX power accuracy requirement there will need to be an uncertainty budget and test tolerance estimation for unwanted emissions OTA measurement techniques. Currently, for 3GPP levels relating to regulatory requirements, there is no allowance for test tolerance, and so the impact of test tolerance on the test requirement level will need careful consideration.

Key questions for in band unwanted emissions:

· Appropriate metric (EIRP vs TRP)

· The need for declaring active transmitters etc.

· The need for defining cells spatially for emissions.

· Complexity of measurement techniques

· Measurement link budget

Out of band general spurious emissions

For out of band spurious emissions, the same questions arise as in the case of in band unwanted emissions regarding the correct metric. Propagation losses and instrument sensitivity within the measurement chamber may also need further investigation due to the large range of frequencies (a few kHz to >12GHz or potentially 5th harmonics) that are covered.
An important issue is what sort of facility can be used to measure emissions over such a large frequency range. EMC chambers may offer a potential solution, but further investigation is needed on the use of such chambers with antennas and higher power levels. Alternatives may include probe or near field testing.
The possibility of different test tolerances applying for different separations between the wanted signal and the emissions may need be considered. It may be, for example that while a small test tolerance must be used for in band emissions, emissions that are in a completely different part of the spectrum (e.g. 20kHz or 20GHz compared to a 3GHz carrier) can be measured with a larger test tolerance (since a larger trade-off of the test tolerance and core requirement can be achieved at those frequencies).

Key questions for general spurious emissions (in addition to the general questions for emissions):

· Measurement techniques and facilities that cover the full frequency range, whilst handling the level of output power without generating emissions such as PIM or being susceptible to emissions from instrumentation.
· Potential for larger test tolerance for large frequency separation from the wanted carrier
TX intermodulation

In release 13, two types of TX intermodulation have been considered; TX intermodulation related to co-location scenarios and TX intermodulation related to intra array coupling.

Intra-array coupling related TX intermodulation can to some extent be captured by measuring emissions OTA. There are some issues to consider for setting a requirement on intra-array coupling properly though. The impact of intra-array coupling is largest when signals transmitted from different transmitters are uncorrelated. Thus to ensure that the impact of intra-array coupling is fully tested, the basestation should transmit the largest possible number of uncorrelated streams, or possibly simply transmit uncorrelated streams from each transmitter. It is quite probably that a separate test relating to intra-array coupling is not needed; setting the emissions requirements and testing emissions with an appropriate test model incorporating uncorrelated streams may be sufficient.

Co-location related intermodulation is a much more difficult scenario for setting an OTA requirement and test methodology. Emissions must be measured whilst at the same time a signal is produced and radiated towards the transmitter. For a real co-location scenario the interaction takes place in the near field; further investigation will be needed as to how to emulate co-location in a requirement and test scenario.
Key questions for TX intermodulation requirement:

· An appropriate test model for unwanted emissions testing such that the impacts of intra array coupling are properly captured.

· What sort of test facility is used and how it can be set up to present an appropriate interferer to the BS whilst measuring emissions

· What is an appropriate way to measure the impact of co-location (which is an interaction in the near field)
Total BS transmit power reference
When performing conformance testing for the current conducted requirements, the TAB connectors are set to their rated power. A conducted power accuracy requirement that the measured power at the TAB connector must be within +-2dB of the rated value. The conducted power is a reference value at which conformance tests must be met.
Radiated transmit power is an EIRP requirement. The declared rated EIRP values depend on the declared beamwidth, beam direction pair etc. and therefore an appropriate definition of maximum power must be sought. In case maximum EIRP is achieved with a beam that is transmitted for only a proportion of the array, a means to ensure that the whole ray is transmitting at rated power is needed. It is also important that the maximum power definition is one at which all individual transmitters in an array can be expected to be operating at their individual maximum rated power levels; i.e. no tapering/amplitude weighting etc.

If emissions are to be measured as TRP, then another possibility is to make a further declaration and requirement on TRP on the wanted carrier. This would be simpler to define and, if TRP is to be anyhow measured for emissions may not incur significant additional measurement complexity.

Key questions for transmit power reference:

· Appropriate, robust interpretation of EIRP or alternative TRP rated power.
Error Vector Magnitude

Conducted EVM does not take into account spatial variations in expected EVM. [2] discussed EVM in more detail and concludes that it is important to consider the potential impact of spatial variation. EVM is a measure of in-carrier distortion. The intention is to capture the impact of the distortion to the link quality to an individual user, which differs from the unwanted emissions requirements whose potential impact is on all users of a victim system surrounding the basestation.
A number of questions should be considered for the EVM requirement. One is the appropriate beam configuration for such testing and another whether polarization orthogonality should be incorporated. These issues are discussed in more detail in [2].

Key questions for EVM:

· Which beam configuration to use for EVM testing for real link conditions

· Capturing polarization orthogonality
Other signal quality requirements

Other signal quality requirements include frequency accuracy and timing alignment error (TAE). Potentially these requirements are easier to capture OTA than as conducted requirements, since it is possibly to capture a composite transmit stream from all transmitters in the BS and analyze the received signal in order to identify the variance of time and frequency signatures. 
TDD TX OFF power

The TDD TX OFF power requirement specifies both a transient time and a maximum transmit power level when the transmitter is off. From a conceptual point of view, there is a need to consider whether the OFF power level should be an EIRP or TRP. From a practical point of view, the measurement equipment will need to effectively deal with a large dynamic range between the ON power level and the OFF power level. Also, the link budget within the test chamber must be sufficient for measuring the OFF level accurately.

Key questions for TDD TX OFF power requirement:

· Whether the level should be specified as an EIRP or TRP
· Power dynamics and link budget needed within the test chamber.
“Power dynamics” requirements

The so-called “power dynamics” requirements include aspects relating to UTRA power control and pilot and reference symbol levels. In general, since most of these are relative it is less important to consider TRP vs EIRP. Still, some consideration should be given since differing behavior at different transmitters would lead to a movement of the spatial pattern of the transmitted signal and impact EIRP to some degree.
A further consideration is whether all of the requirements are really necessary; in particular the requirements relating to power and CRS levels.
Key questions for the “power dynamics” requirements
· Impact of measuring as TRP or EIRP

· The continuing need for all of these requirements, in particular ones relating to different types of HSPA pilot signals.
4 Uplink core RF requirements
Reference sensitivity and minimum sensitivity

In the release 13 AAS specification there are two sensitivity requirements; a conducted reference sensitivity and an OTA sensitivity. The OTA sensitivity is declared (as part of an OSDD declaration).

To remove the need for a conducted reference sensitivity, an OTA reference sensitivity is needed. The OTA reference sensitivity definition needs to be closely related to the way in which blocking and RX intermodulation are defined. The range(s) of angles of arrival over which blocking and sensitivity are valid need to be considered carefully. Also, there needs to be consideration as to whether there is a need for a wider minimum sensitivity requirement that may be applicable over a wider configuration than reference sensitivity. Issues relating to minimum sensitivity, reference sensitivity and definition of other UL requirements are further discussed in [3].
Key questions for OTA sensitivity:

· Definition for reference sensitivity and relationship to blocking/RX intermodulation etc.

· The need (or lack thereof) of a minimum sensitivity in addition to reference sensitivity (for scenarios not covered by reference sensitivity)

· Reference sensitivity value(s)

Receiver in band blocking
The conducted receiver in band blocking requirement relates to the ability of the receiver to reject a blocking signal on another frequency. The UE is required to continue to receive a blocking signal at 6dB above reference sensitivity whilst subjected to a blocking signal (i.e. a 4.7dB increase in the noise level is allowed).
For OTA blocking, there is a need to consider the spatial direction of the blocker, in particular for maintaining a black box requirement. The requirement design and test setup will need careful consideration as either the requirement will need to be designed such that the wanted signal and blocker can come from the same direction, or there is a need to operate the requirement without a wanted signal, or the test setup will need to be able to spatially differentiate blocker and wanted signal. Blocking is discussed further in [4].

Key questions for in band blocking:

· Spatial direction(s) of blockers

· Ability to either align the blocker and wanted signal direction(s) during testing or remove the need for a wanted signal

· Test setup if blocker and wanted signal need to be separated in space

· Blocking level(s) and dependency on AoA

Receiver out of band blocking

Conducted out of band blocking is defined with a wanted signal and a blocking signal which is in a different part of the frequency domain to the operating band. For defining an OTA requirement on out of band blocking, the same considerations apply as for in band blocking. A further complication is that in some cases, the operating band in which the wanted signal is present and the frequency of the blocking signal may differ significantly enough that they do not fit within the frequency range of a test facility together.

Key questions for out of band blocking (in addition to in band questions)

· If a wanted signal is used, what sort of test facility can support both the wanted and blocking signal frequencies

Potentially, the approach for out of band blocking may be aligned with the approach for EMC.

Receiver intermodulation

The receiver intermodulation requirement sets a minimum requirement on receiver linearity. The requirement is based upon two signals being present on other frequencies to a wanted signal such that IM products would fall into the receive band. The requirement is also defined with a wanted signal at 6dB above reference sensitivity.
For OTA testing, the spatial positions of the two interfering signals could be considered further. However since the aim of the requirement is to capture LNA linearity, it is likely to be sufficient that the wanted signal and interferers are aligned.

Receiver dynamic range

The receiver dynamic range requirement is based upon the ability of the receiver to receive a signal at well above the reference sensitivity level in the presence of a strong interferer. The SNR is sufficient to receive the wanted signal. The requirement establishes a minimum power difference between the total receive power and the power of an individual signal that shall be detectable.
For OTA testing, similarly to receiver intermodulation, in principle the spatial direction of the interferer could be considered further. However alignment with the wanted signal makes most sense, as the dynamic range is then clearly tested. The requirement is likely to be uncomplicated to specify OTA.

In channel selectivity

The in-channel selectivity requirement is similar in nature to the dynamic range requirement and is unlikely to be complex to specify OTA.
Receiver spurious emissions

For an FDD system, receiver spurious emissions are defined on RX only TAB connectors. In keeping with the principle of black box requirements, it would be preferably not to need to declare information about numbers of receivers and whether they are duplexed or not. Thus it should be investigated whether FDD emissions could be tested with a simple emissions requirement for all transmit and receive being active at the same time.

For TDD, RX emissions apply during UL subframes. For TDD, it will be necessary to differentiate emissions in UL and DL subframes to prevent transmitter emissions being apparently reduced due to time averaging. However it would be preferable to avoid the need for declaring the numbers of active receivers, cell areas etc. in order to create black box requirements.
Key questions:

· For FDD, whether TX and RX can be merged into a single emissions requirement

· Means to treat the AAS BS as a black box and avoid the need for declaring numbers of active receivers, cell areas over which emissions apply etc.

· Test facility frequency range and link budget.
5 (Demodulation) performance requirements
The demodulation performance requirements are specified with well defined fading channel models and channel conditions. All signal levels are well above reference sensitivity and are within the dynamic range of the receiver, and thus the requirements test demodulation functionality rather than baseband functionality.

It is almost certain that testing using the exactly specified channels OTA will not be possible. OTA testing possibilities will need to be considered further. It will also be important to consider whether proposed requirements relate to useful metrics of expected performance in real life situations.
The work required for these requirements will be extensive, and will belong to the performance part of the WI.

6 Focusing RAN4 discussions

As outlined in sections 3-5, there are a large amount of complex issues to solve in order to reach the goals of the WI. If all issues are discussed in parallel at each RAN4 meeting then there exists a risk of the efficiency of the discussions being reduced due to:

· Insufficient focus when preparing contributions for the meeting, due to the need to write contributions on each subject

· Insufficient meeting time to handle all topics

· Too many Way Forward etc. to discuss in parallel at each meeting, leading to poor convergence level during the meetings

To avoid these issues, it would be preferable to set a focus on particular requirements at particular meetings. The focus requirements will shift as progress is made with the WI. Rather than proposing an overall plan in this paper, some suggestions are made for an initial focus:
· The uplink requirements that depend on a reference sensitivity, as understanding how these requirements will work will enable a framework for setting reference sensitivity to be better understood
· Blocking is likely to be the more complex concept to discuss; RX intermodulation should be more straightforward

· A discussion can start about reference sensitivity and minimum sensitivity and how to set them, although the concept will need to be linked to the blocking concept

· Discussion about in band emissions requirements could be started; in particular on the metric

· EVM could be discussed, as the concept for setting EVM and means for measuring EVM are less likely to be complex.

· Some of the more simple requirements could be considered (e.g. UL dynamic range, UL ACS)

This would leave the following with less focus initially:

· Spurious emissions

· Out of band blocking

· TX intermodulation

· (Demodulation) performance requirements

· Other signal quality requirements than EVM

· TDD TX OFF power

The reason for setting less focus on the first four is that they will require new types of test facility, and potentially more consideration of testing possibilities is needed. The final two are set in the less focus list purely to achieve a reasonable scope for the forthcoming meetings.

Additionally, it is suggested, to consider EMC at the same time as spurious emissions and out of band blocking.

It should be stressed that this proposal is not suggesting that it is of less importance to complete OTA requirements for those requirements listed proposed to have less focus initially; the WI scope covers these too. The proposal is purely aimed at increasing the efficiency of the RAN4 work.
7 Conclusion

This document has presented some initial considerations for the AAS BS requirements that are within the scope of the WI and proposes that an initial focus is set on the following in order to achieve good progress:
· The uplink requirements that depend on a reference sensitivity, as understanding how these requirements will work will enable a framework for setting reference sensitivity to be better understood

· A discussion can start about reference sensitivity and minimum sensitivity and how to set them, although the concept will need to be linked to the blocking concept

· Discussion about in band emissions requirements could be started; in particular on the metric

· EVM could be discussed, as the concept for setting EVM and means for measuring EVM are less likely to be complex.

· Some of the more simple requirements could be considered (e.g. UL dynamic range, UL ACS)
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