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1 Introduction

During RAN#68, a new WI on FD-MIMO was approved. During the meeting, the RAN4 requirements relating to FD-MIMO and the relationship between RAN4 FD-MIMO work and the ongoing AAS WI was discussed. This document provides some technical views on issues to consider when devising FD-MIMO RAN4 requirements.
2 On the relationship between FD-MIMO and AAS
FD-MIMO implies building base-stations transmitting with 8 or more radios per cell. Considerations such as site logistics, energy consumption, rollout and maintenance, physical size and weight and many others suggest that a design in which 8 or more radios per cell are linked with an antenna system via cabling in a similar manner to a non AAS base-station are very unlikely.
It has been suggested that FD-MIMO base-stations that are not AAS base-stations might be built. Considering that separate location of radios and antennas is unlikely as discussed above the suggestion brings to light the fact that if antennas and radios are located close to one another, then it is very unclear on what basis a base-station might be classified as “AAS” or “Not AAS”. To resolve this issue, one of two things need to be done:

· Either rule out FD-MIMO implementations as “Non AAS”

· Or else capture a set of characteristics in the specifications that clearly outline what an AAS is and what a non AAS is in order that there is sufficient clarity to make a declaration of “AAS” or “non AAS” for an FD-MIMO system.

Being classified as AAS implies, amongst other things the need to comply with radiated requirements, so for non AAS FD-MIMO base-stations it should be outlined on what basis they would not need to comply with radiated requirements (on EIRP and OTA sensitivity).

It should further be noted that enabling FD-MIMO implementations as “non AAS” would increase the amount of work needed in RAN4, since the current 36 and 37.104 are not suitable for larger numbers of antenna ports and larger numbers of radios (The emissions from the base-station are currently effectively unlimited).

Observation 1: It is very unclear how a system supporting an array of 8-16 radios and doing beamforming could differ from an “AAS”
Observation 2: If there would be the possibility of “non AAS” antenna arrays in RAN4, then the amount of work required for specification increases as 36/37.104 are not suitable for more radios.
3 Considerations relating to individual requirements
The following presents considerations relating to each of the individual requirements. The analysis considers general implications of supporting a large number of antennas. In some cases, consideration can be given as to whether there is a need to update the requirement for the number of antennas foreseen in the release 13 FD-MIMO WI or work can be left until a later stage.
Base-station classes

Currently base-stations can be declared as one of 4 classes (3 for AAS); wide area, medium range, local area, home BS. Depending on the declared class, the applicable requirements differ somewhat.

The classification framework has been retained in the current AAS WI. However with larger numbers of antennas, it is not entirely clear whether the classification framework will remain appropriate. Is it, for example sensible for a BS with 2TX and an advanced FD-MIMO BS with 16TX (or RX) to both be declared as “medium range” and subject to the same requirements.. 
Conducted requirements and testing of conducted requirements

The release 13 AAS specification contains two radiated requirements, whilst conducted requirements continue to be applicable for all requirements. 

Conducted requirements were originally introduced for systems with separate, passive antenna systems in which antenna and radio behaviors are separable and also in which inclusion of an antenna connector is both easily feasible and necessary.

Advanced array structures can only be constructed efficiently and economically with a high degree of integration of antenna and radio. This integration requires new solutions for radio and filter design. Furthermore, when accommodating a large number of antennas inclusion of antenna connectors in the design can lead to cost and performance penalties, or in the worst case, make certain design approaches infeasible.

For this reason, a requirements framework that envisages mandatory conducted testing is likely to constrain options for advanced designs in the future. This should be addressed by introducing radiated testing possibilities for requirements.

The need for all radiated requirements for up to 16 antennas may be debated further, but a framework and roadmap is needed for future systems to be built without connectors.
Radiated Transmit Power (EIRP)

The current release 13 AAS WI is developing a requirement for radiated transmit power (EIRP). In general, this requirement should be usable in an FD-MIMO context. The requirement is based on the declaration of AAS beams. The WI has not yet clarified on what basis beams might be declared; a potentially useful means is based on AAS-ETAC.
One potential issue that arises with a larger number of antennas is that the aim of precoding based on CRS is to achieve a large instantaneous EIRP at the UE. In the case of DM-RS based precoding, a beam is effectively a user specific beam. For CRS precoding, though, the receiver signal at the UE is effectively a superposition of a number of cell wide signals.

In general, care needs to be taken in sorting out how beams are declared and in differentiating between beams that should provide cell wide coverage and beams that relate to instantaneous EIRP at a UE.

Discussions on this topic have been long and inconclusive up to the present time in RAN4 and appropriately describing and classifying beams becomes even more important when a larger number of ports is concerned. Development of requirements for >8 antennas may need further consideration of beam declaration principles than is needed for the current MIMO functionality.
In 36.104 and 37.104, there is no EIRP requirement. In case there would be a need to capture FD-MIMO in 36.104 and 37.104, then either a radiated requirement would need to be introduced or there would need to be some kind of description of the reasons for an FD-MIMO system (which is intended to exploit the spatial domain) not being subjected to radiated requirements.
Conducted Transmit Power

Conducted power has not yet been discussed extensively during the AAS Work Item. As with all conducted requirements, at some stage there needs to be a possibility for capturing power using radiated testing only. 
For testing the power in a conducted manner, there is no reason to believe that the current approach and requirement cannot be re-used at this stage. 

However, there is an issue with regard to the power limits that are set on medium range and low power base-stations. 36/37.104 imposes limits on the carrier transmission power that are applicable per antenna connector. With an increasing number of antennas, the total transmit power limit increases and loses it’s meaning. As an example, a medium range BS with 16 antennas could transmit up to 50dBm of power per carrier, which is in excess of what many WA BS transmit. Thus a mechanism must be devised for limiting the transmit power. For AAS, submissions so far have considered re-use of the AAS-ETAC concept. Currently, considerations of AAS-ETAC have been limited to systems with 8 ports.

There is no consideration of limiting transmit power for 36/37.104 up to now.

ACLR and in band emissions

Studies earlier in the AAS WI involving 10 transmitters suggested that ACLR per connector can be maintained for AAS. It should be noted that these studies did not consider FD-MIMO applications and more than 10 radios. It could be postulated, however that the results could look similar as long as the total emissions power would be maintained.
The current in band emissions requirements in 36/37.104 are applicable per antenna. The total emissions power limit for a base-station therefore increases without bound with an increasing number of antennas. To address this, the AAS WI is developing a concept of AAS-ETAC counting. This process is continuing and does not as yet envisage more than 8 ports.

There are no plans to set a total in band emissions limit in 36/37.104.

Another thing that has been documented during the AAS work is that in band emissions measured at an antenna connector may not be representative of the total radiated emissions power when radiating for systems with antenna coupling. Antenna coupling can be present in systems with 8 antennas and will become even more likely to be present with more antennas. Today, the use of isolator components can reduce the risk of coupling causing unwanted emissions, however integrated designs of the future may easily not have space or possibility to accommodate such isolators.
To verify that such coupling impacts on emissions power are properly accounted for, either an OTA emissions test or some means of testing that the radios are designed to withstand the coupled signals present within the array is needed. The AAS WI has opted to work on the latter by means of including a declaration of array parameters and a modification to the TX intermodulation test. Currently, this work is not finished in the AAS WI.

There has been no discussion as to the potential impacts on emissions power of coupling in any system conforming to 36/37.104.
Out of band emissions

Similar considerations apply to out of band emissions as in band emissions; the current specifications allow the emissions limit to increase with the number of antennas.

It is unlikely that antenna coupling effects would impact out of band emissions.
Signal Quality requirements in general

The term “signal quality requirements” in this context refers to those requirements that ensure that the TX signal is sufficiently robust enough to be demodulated by UEs with sufficient reliability that the system performance envisaged by 3GPP features is achieved. These requirements include EVM, frequency error, time alignment error. 
One of the aims of FD-MIMO is to potentially improve RX SINR at UEs by means of multi-TX antenna gains. If SINR is improved, it is always important to ensure that self-interference from the TX signal does not become the factor determining DL performance.

The relationship between DL throughput and the composite effect of all of the signal quality metrics (EVM, TAE, frequency error etc.) has not been examined for some time. With introduction of multi-antenna systems, the degrees of freedom would increase and consequently a signal quality requirement on the transceiver does not present the signal quality at the UE. The throughput achieved considering spatial properties of these signals has never been considered. Thus, although the current metrics go a long way towards ensuring robust downlink performance, it is not necessarily demonstrated that claimed throughput can be achieved over the air.

It is worth not note that although the signal quality requirements primarily affect the ability to achieve the system level benefits expected from the new features, they also to some extent can influence co-existence with other operators, since reduced signal quality and the associated reduced DL performance would with packet data traffic lead to longer DL transmissions and hence greater overall interference.

Timing Alignment Error

It has been noted during the AAS WI that timing alignment measured at the antenna connector does not cause an issue when transmission path lengths to different antennas differs. Solving that issue in a robust way would call for OTA testing.
The actual timing alignment value itself should not necessarily yet be copied from today’s MIMO to FD-MIMO, since the relationship between timing alignment and throughput is not clear for larger numbers of transmitters.
Frequency Error

There is not a clear necessity to modify the frequency error requirement. At some stage, OTA testing of frequency error (or some related parameter) should be enabled.
It is again noted that the relationship between frequency error spread and throughput with a large number of transmitting antennas has not been investigated.
EVM

Earlier during the study item, there was some discussion of the fact that the spatial distribution of co-channel distortion can potentially differ from the beam pattern if the distortion sources have different power or phase or are uncorrelated between transmitters. This can cause EVM to be over-specified in some cases, or potentially in any cases in which UEs are for some reason not captured at the peak of the main lobe, EVM not being achieved. Overspecification of EVM could limit the ability for implementations to optimize other aspects such as energy etc.

Furthermore, the EVM level is not validated for transmission with a larger number of transmitters/ports/layers.
Polarization orthogonality

Loss of orthogonality between polarizations will impact TX signal quality in the same manner as EVM etc. 
Due to the lack of consideration of antenna properties in the current specifications, there are no requirements relating to polarization orthogonality. It is also not considered in the current AAS WI.
However with increasing numbers of antennas, there exists some risk that poor polarization orthogonality could compromise SINR improvements provided by beamforming. Therefore some review should be made of the need to include some requirement relating to polarization orthogonality.

It should be noted that an alternative to reviewing the TX signal quality requirements could potentially be to set a requirement on achieving a specified throughput level over the air.
Receiver requirements in general

FD-MIMO does not directly impact base-station receiver design. However, the practicalities of matching DL and UL performance, antenna and integrated base-station design implies that the UL antenna configuration and likely the number of UL radios will change and increase with introduction of DL FD-MIMO. It is difficult to envisage e.g. a base-station increasing to an array of 16 transmitters in DL whilst continuing to operate a separate column with 2RX or 4RX uplink.
For uplink requirements, there is even less clarity with regard to the number of receivers that 36/37.104 and the AAS specification supports. Furthermore, the only simulations that have been carried out for uplink assume a typical macro antenna configuration and typical loss factors associated with a macro RDN; other types of UL configuration and the impacts to blocking etc. have not been considered. 
For medium range and local area base-stations, UL requirements are derived from simulations based on so-called “minimum coupling loss” (MCL). The MCL has been estimated during long past RAN4 work based on typical antenna configurations, and it is not clear that the assumptions would continue to apply with new antenna configurations for larger array sizes.

Uplink performance impacts both the ability to provide service within an operators own network and, indirectly, co-existence between operators (poor UL sensitivity causes the need to operate the UL at higher transmit powers, implying greater interference). Therefore the development of functionality targeted at advanced base-station architectures and UL configurations should at some stage involve investigation and development of appropriate UL requirements.

A brief summary of some of the main UL requirements is provided below. Apart from the issues listed, as with the downlink there exists the general consideration that in time, OTA methods of UL testing are required in order to prevent the necessity to provide antenna connectors hindering the development of array technologies.
OTA Sensitivity

The OTA sensitivity requirement is under development as part of the AAS WI. OTA sensitivity captures not only radio performance, but also antenna performance and importantly, any desensitization due to leakage across the antenna aperture and inter-modulations. 

The OTA sensitivity requirement is likely to be designed to be satisfactory also for larger receiver arrangements.  

36/37.104 do not contain OTA sensitivity requirements. Therefore there needs to be some discussion and clarification of the fact that any systems conforming to 36/37.104 are built with electronics and antenna sufficiently separated and isolated that self-interference cannot occur. Even then, there needs to be some indication of what type of systems do not need to be subjected to OTA requirements, or else OTA requirements need to be introduced to 36/37.104.

Reference Sensitivity

The conducted reference sensitivity requirement is derived based on an assumption of a low number of receivers. If the receiver antenna aperture is broken up further, receivers must operate at very low signal levels. If the receiver aperture is extended, the conducted sensitivity may be over-specified. Furthermore, the losses between antenna and receiver may be very implementation dependent. For larger systems, in order to guarantee uplink performance whilst not preventing good implementations with over-specified requirements, a new approach to conducted sensitivity is needed (e.g. OTA reference).
In and Out of Band blocking

During the AAS Study Item, blocking was simulated for a macro configuration and it was observed that the blocking level experienced with a specific 10 element antenna configuration with specific assumptions on losses is similar to the existing specification. For smaller base-stations, it has been assumed that first generation AAS the antenna configurations and losses are similar to the assumptions made for non AAS and thus the existing MCL is re-used.
For more advanced systems, some more investigation of the blocking levels likely to be experienced could be called for.
RX Spurious emissions

Similarly to TX spurious emissions, RX spurious emissions requirements are specified per antenna connector and thus, with a large number of radios the RX spurious emissions requirement could become large and allow excess emissions.

A solution for RX spurious emissions needs to be found as part of the AAS WI, preferably allowing for a large amount of receivers.
4 Conclusion

This document has reviewed potential impacts on the specifications of supporting a larger number of radios and antennas. The following issues are noted:

· The current non AAS and future AAS specifications are very unclear about what types of system they are meant to apply to and how many radios could be supported. 

· This could lead mis-interpretations of very relaxed emissions requirements, no need to take into account OTA performance etc.

· The following issues should be considered for TX requirements

· Potential EIRP for composite AAS-ETAC related beams with large numbers of transmitters
· Conducted power and emissions requirements for larger numbers of antennas

· Emissions requirements are currently not bounded

· Capturing coupling effects on emissions properly

· Appropriate signal quality requirements where beamforming gain is higher

· Receiver requirements need at some stage to be reviewed, as they are not designed for advanced structures with lots of radios. It is easy to envisage that a system with many transceivers will also have many receivers

· Factors that hinder efficient and cost-effective implementations, such as the need to provide antenna connectors, need to be investigated further and solved when appropriate.
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