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1 Introduction

During RAN4#68bis, some discussion took place on the formulation and parameterization of the radiated TX power requirement for AAS. Discussion focused on whether cell specific beams are always suitable for radiated output power requirements and whether requirements are also required for user specific beams. In the way forward, the following issues were identified for discussion at RAN4#69:
· Proposals on how to declare beams on which EIRP value are declared and the accuracy requirements are set

· Whether beams containing CRS are sufficient for EUTRA and the related issues for UTRA.

· Proposals on the accuracy requirement, considering the accuracy budget of the subsystems in AAS BS.

This contribution addresses the first two bullets; how requirements are defined and whether beams containing CRS are sufficient for E-UTRA. A companion paper discusses issues relating to the accuracy budget [1]
2 Cell specific beamforming requirements
With the current core specifications, every basestation, regardless of the application and user specific functionality that it implements will need to be capable of generating one or more beams that provide cell wide coverage, for basic cellular operation. Most basestations will generate more than one beam per cell, with at least one beam carrying a broadcast channel and control information and each of the beams carrying a different pilot/reference signal. We refer to each of these beams as “MIMO branches”. Each beam is identifiable in the UE baseband.

Some basestations may perform cell splitting; i.e. generate more than one cell (with more than one PCI) from the same antenna array. In this case, the array will produce a one or more beams for each cell. Also in this case, each beam will be capable of being identified by a UE that knows the PCI applied to each of the cells, although typically the UE will only need to identify the beams of the cell to which it is registered.

The amount of power that is necessary for achieving cell wide coverage with each MIMO branch beam will depend on the transceiver output power and the array system. The ability to radiate energy in each of these beams will determine basic downlink coverage. A radiated requirement on the accuracy of the maximum power configurable for each beam will need to be declared and tested to enable proper coverage planning.

The declaration could consist of the following information for the cell common beams:

· The number of common beams that can be configured in the basestation. This will be effectively the number of cells multiplied by the maximum number of MIMO branches in each cell.

· Which of the beams share PA power (see below)

· Some parameters of each common beam, such as the beamwidth, sidelobe levels and the steering range in the horizontal and vertical directions of the beam

· The radiated EIRP at the centre of the main lobe for each common beam when it is configured with to the middle of it’s steering range

· The radiated EIRP at the centre of the main lobe for each common beam when the beam is configured to the maximum extent of it’s declared steering range

Beams should be configured with maximum power and tested one at a time, with other beams deactivated.
Some issues to consider with the common beam requirements are as follows:

Power sharing

Depending on the application and implementation, some common beams may be generated from alternate sets of transceivers, whereas others may be generated from the same sets of transceivers. In the example of the figure below, two MIMO branches are generated, but the array performs cell splitting. Thus four beams are declared; two MIMO branches in two cells. The MIMO branches are generated from different sets of transceivers, but for each MIMO branch the cell specific beams are generated from the same sets of transceivers
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Thus it is not possible to configure all 4 beams (2 MIMO branches for 2 cells) at maximum power simultaneously. However the following approach is proposed:
· The EIRP declaration for every beam should relate to the case of maximum power being configured for that beam, and the maximum EIRP accuracy should be tested

· However the declaration of beams should also indicate which beams share a common set of transceivers, such that, given a knowledge of the maximum achievable EIRP of each beam the operator can then make a decision to split power between beams

· In the above example, the declaration would state that MIMO branch 1 in cell 1 and cell 2 are generated from one common set of transceivers, and that MIMO branch 2 in cell 1 and cell 2 are generated from another common set of transceivers.

More advanced cell shaping
It is likely that advanced systems may apply both gain and phase weighting to cell specific beams in order to carry out more advanced cell shaping. Such basestations would be capable of generating a very large spectrum of cell shapes and it would be infeasible to test EIRP for each configurable cell shape.

A basic capability of all basestations is that they can generate a symmetrical beam with zero degree steering by means of applying the same phase weighting across all transceivers, possible combined with a tapering. Furthermore, this beam should be steerable by means of applying a phase progression across the antennas. Placing a requirement and test on this basic type of beam and steering will verify the operation of the core RF and beamforming functionality in the basestation.

Declaring more complex types of beam under the 3GPP radiated requirements framework would always be possible for a vendor implementing more complex beams. However we believe that in general, declaration of a basic symmetrical beam and steering range is sufficient for core RF testing.

Relationship to cell planning

For many types of AAS application, declaring and testing the maximum EIRP in each beam is sufficient, since all control and user specific traffic is carried within the beam. Thus knowledge of the maximum configurable EIRP in each beam enables planning for applications such as:

· LTE with e.g. TM2, TM3, with variable downtilt, UL/DL specific downtilt, RAT specific downtilt etc.

· All HSPA AAS specific applications

Since the LTE specifications allow for transmission modes implementing user specific beamforming, for some LTE applications a proportion of the basestation energy needs to be spent on cell specific beams, whereas the remaining energy is available to be spent on user specific beams. In these cases, knowledge of the maximum EIRP achievable in cell specific beams and the required RX EIRP for the control channels, together with propagation environment information enables an operator to plan what fraction of the available maximum EIRP is needed for control channel coverage. Then, the remainder of the transceiver power will be available for user specific beamforming. The means by which this remaining power can be utilised and the achievable throughputs will be application dependent. The next section discusses the needed for radiated requirements for UE specific beamforming.  The cell specific beam requirements will enable planning of control overhead for these types of application.

Testing complexity

In many cases, the same set of transceivers may be used to generate several common beams. In some of these cases, the common beams may have exactly the same parameters in terms of beamshape, EIRP and steering range. In such cases, it is not necessary to repeatedly test the same set of transceivers.
3 UE specific beamforming requirements
UE specific beamforming requirements are applicable to LTE basestations; current UMTS specifications do not enable UE specific beamforming.
UE specific beamforming techniques could potentially be very proprietary. Furthermore, it is important to differentiate between what is needed in core RF requirements and what would be performance requirements for a particular application. Core RF requirements should capture the fundamental ability of the combination of baseband, transceivers, RDN, antenna array and housing of the basestation to coherently deliver energy in the manner declared by the vendor. Performance requirements should capture the ability of baseband beamforming algorithms to achieve user throughput targets for a particular application.
Furthermore, this WI should concentrate in UE specific beamforming capabilities enabled by the current core RAN1 specifications. Future UE specific beamforming capabilities that require changes to the core RAN1/2/3 specifications should be addressed and included in the RAN4 specifications as part of the appropriate WI.

The LTE specifications enable UE specific beamforming with up to 8 spatial layers. In principle, UE specific beams could be treated in a manner similar to cell specific beams. Supported UE specific beams could be declared, and as a minimum these could be declared as being able to be transmitted as a symmetrical beam in boresight and over a defined steering range, where the steering is achieved by means of applying a phase progression. Optionally, more complex beam patterns could be declared under the 3GPP framework.

In many cases, the UE specific beams would be generated using the same set of transceivers and antenna elements as at least one of the cell specific beams. In this case, separate testing of the maximum EIRP for UE specific beams under the same declared conditions as cell specific beams would not be needed.

It may be conceivable that some UE specific beams could be generated using a different set of transceivers to the cell specific beams. In this case, UE specific beams may need to be tested separately.

RAN4 should discuss further whether such implementation options need to be supported by the Release 12 core specifications. If that is not the case, then for release 12 direct testing of UE specific beams may not be needed.

4 Relationship of radiated TX power requirements to conducted TX power requirements and implementation architectures

From the above discussion, the core specifications for radiated TX power tests need to capture the following declarations:
· The number of cell wide beams supported by the array

· Which beams power share

· As a minimum, when the beams are radiated using a simple phase progression and tapering, the EIRP in the main lobe, beamwidth and SLS at the middle of the declared steering range and at each end of the declared steering range

· Optional declaration of the EIRP for more complex beam patterns

It should be noted that these declarations treat the AAS basestation as a black box and do not need to consider the internal design of the array. 

The current xx.104 specifications set many requirements per antenna connector, assuming that each antenna connector relates to a MIMO branch. To translate these requirements to AAS, the conducted requirements should be applied to the set of transceivers that are responsible for generating each MIMO branch beam. Thus, for supporting conducted requirements, a declaration of which transceivers support each MIMO beam is required.

Conducted requirements should then be distributed across the declared set of transceivers for each MIMO branch; this is discussed in further contributions on conducted requirements [2].
5 Conclusion

It is proposed that cell specific beams should be captured by means of the following declarations:
· The number of cell wide beams supported by the array

· Which beams power share

· As a minimum, when the beams are radiated using a simple phase progression and tapering, the EIRP in the main lobe, beamwidth and SLS at the middle of the declared steering range and at each end of the declared steering range

· Optional declaration of the EIRP for more complex beam patterns

· Which transceivers are responsible for generating each beam

Whether additional declarations and tests are needed for UE specific beams depends on whether Release 12 needs to support implementations in which UE specific beams may be generated using differing transceivers to common beams; this should be further discussed in RAN4.
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