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1 Introduction

This is a resubmission of a document submitted to RAN1#78bis that was not handled due to lack of time.

A remaining task during the conformance part of the AAS WI is to capture a description of what is a minimum declaration of beams for satisfying 3GPP conformance. A description of which beams to declare that is clear and commonly understood is important in order that compliance with the AAS specification can be achieved unambiguously.
An AAS is built to implement functionality enabled by RAN1 specifications. Any UE specific beam needs to be identifiable to a UE and thus will need signaling and structures that are defined in MIMO or FD-MIMO. Apart from UE specific beamforming, an AAS may perform cell specific beamforming; in this case the beam is identified by UEs by the fact that it carries CRS. RAN1 specifications do not standardize beamforming algorithms themselves. However some aspects of RAN1 discussions and specifications, such as codebook structures, QCL assumptions etc. limit the types of array and beamforming functionality that can be supported in practice. Typically, RAN1 has in detail discussed structures and functionality that support UE specific beamforming and taken decisions on what sort of arrays and beamforming should be supported, but has not discussed cell specific beamforming in as much detail. 
Thus the RAN1 specifications provide a signaling and UE procedure framework for operating array based technologies which envisage supporting certain array and beamforming types, but do not explicitly describe every possibility for beamforming. In writing the RAN4 specifications, the operation of RAN1 specifications should be understood in order to make sure that the description of beam declaration is complete, does not preclude any type of operation envisaged by RAN1 and that some types of RAN1 defined operation (such as TX diversity) are not misunderstood as implying corresponding RAN4 beam declarations.

This contribution reviews some of the general principles of MIMO operation envisaged by RAN1 and their implications on array implementation and the RAN4 requirements. 
2 Types of beamforming available to AAS BS
Point of transmission

Transmission modes 1-9 as defined in RAN1, as well as the new FD-MIMO functionality assume that Quasi-Colocation can be assumed by the UE. This implies that the basestation must place all transmission antennas at the same location; i.e. TM1-9 and FD-MIMO relate to array beamforming and not distributed transmission.

TM10 on the other hand is applicable for multipoint transmission.

Thus in general, apart from TM10, RAN1 transmission modes do not support distributed transmission. Since the AAS specification is for a single basestation, in this paper, single transmission point operation is assumed and TM1-9 & FD-MIMO is examined.

Antenna port concept

The RAN1 specifications describe a concept known as an “antenna port”. An antenna port corresponds to a distinct spatial channel that can be detected by a UE at a particular instant in time. In general, RAN1 defined antenna ports correspond to beams in the context of the RAN4 AAS specification. An antenna port or beam is made detectable to a UE by means of carrying some kind of reference signal within the beam.

It is important to note that RAN1 defined antenna ports do not correspond to TAB connectors in the AAS specification. RAN1 antenna ports may be mapped to some or all TAB connectors. Furthermore, multiple antenna ports may map to the same set of TAB connectors. This is achieved by applying a virtual precoding (that is transparent to the UEs) of antenna port to TAB connectors that differs to -each antenna port. By using different virtual precoders, different antenna ports will radiate over different beam patterns, and thus to the UE will appear as different channels (which fulfils the definition of an antenna port in RAN1).

Precoding / beamforming of antenna ports is the basis of so-called “cell specific beamforming”. The precoding is implementation dependent. However it is important to note that the array structure used for any such antenna port precoding and also the selection of precoders themselves must be such that the assumptions on basic array structure made in developing any MIMO codebooks that are used are upheld (For example, after cell specific beamforming, to use TM9 with calibrated transmitters the antenna ports will need to appear to come from a 4x2 array with 0.5lamda spacing).
Single antenna port transmission

Transmission Mode 1 corresponds to transmission from a single antenna port. The antenna port is identified by means of CRS and is thus common for all UEs in a cell. An AAS may in fact use multiple transmitters to transmit a single antenna port; if this is done then then UE transparent, cell specific beamforming is achieved for the UE.
For an AAS BS that operates TM1, then presumably the declarations of maximum and minimum beamwidth will correspond to the maximum and minimum cell widths that can be provided.
Transmit diversity

The simplest form of multi-antenna transmission is TX diversity (TM2). FSTD and SFBC with up to 4 branches are defined in the RAN1 specifications. A branch may be a polarization or a column. Each branch corresponds to an antenna port that is identified by CRS; thus the antenna ports are common to all UEs in the cell.  It is reasonable to assume that there would be no reason to synchronize the different transmit diversity branches, and that the transmit diversity branches would not form a coherent beam. However an AAS may have multiple transmitters per branch in order to perform cell specific beamforming.
In terms of beam declaration, presumably each TX diversity branch (i.e. each antenna port) should be declared as a beam. Multiple branches cannot make beams, and thus there would be 2 or 4 parallel beams that are likely to be declared equivalent. The minimum and maximum declared beamwidths should correspond to the maximum and minimum envisaged cell widths.
Alternatively, if antenna port virtualization is used, then all beams are transmitted from all columns and polarizations (but with different precoding). As described in [1], in this case a single beam may be declared.

In the example depicted below, there are two polarizations and 2 branch TX diversity is applied (one branch per polarization). Two parallel and equivalent beams should be declared if there is no virtualization, or alternatively a single beam.
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Open loop precoding

Open loop precoding is based on cyclic delay diversity (CDD) and can incorporate multi-layer transmission. CDD has the opposite effect to beamforming; it spreads the transmissions in space. The CDD specified in RAN1 assumes an array with half lamda spacing between columns. Each column will produce a beam/antenna port identified by a CRS. Similarly to TX diversity, 2 or 4 “antenna ports” (in the RAN1 sense; i.e. AAS-ETAC) can be provided. PDSCH is transmitted over a combination of antenna ports. The combination of transmissions from each antenna port that make up a layer will not form a coherent beam; in fact the aim of CDD is to spread out the transmission.
Presumably for a basestation operating open loop precoding, beams should be declared for each polarization/column (that will most likely be equivalent) in the same way as for TX diversity. Without APV, there will be as many equivalent beams as columns/polarizations and the declared minimum and maximum beamwidths will correspond to envisaged cell widths.
CRS based closed loop precoding

Transmission mode 4-6 envisage that the basestation transmits 2 or 4 RAN1 “antenna ports” characterized by CRS, and that the UE makes measurements on each CRS in order to feedback precoding information (PMI) to the basestation. The PMI indicates a set of precoding weights from a codebook that, if applied by the basestation will optimize receive SINR at the UE.
The precoding codebook is designed to support a specific type of antenna geometry; namely a dual or four column, possibly cross polarized arrangement with 0.5 lamda antenna spacing (the spacing is only important if the transmitters are calibrated).
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In most cases, TM4 transmission will be made by basestations in which the columns and polarizations are not calibrated (i.e. not phase synchronized). An AAS may contain multiple transmitters within a column for doing cell specific beamforming; these will be calibrated and their beamforming will be transparent to the UE.

The antenna ports for TM4 are per column/polarization and identified by CRS. Similarly to the open loop precoding, TX diversity and single antenna cases this implies 2 or 4 parallel declared beams (if there is no antenna port virtualization) whose minimum/maximum beamwidths correspond to envisaged cell beam sizes.

When PDSCH is transmitted, a “beam” is created by over the air combination of precoded transmission from each of the columns. If the columns are not calibrated, then the beam steering is not predictable by basestation design, but will depend on UE feedback. The “beam” in this case is not identifiable by an individual reference signal; channel estimation is performed by the UE based on the CRS contained in the cell specific beams and knowledge of the applied precoding. 
There is a risk of misinterpreting that, since beamformed energy can be created for PDSCH in TM4, then there is some need for a beam declaration corresponding to the precoding possibilities.  For non-calibrated arrays, we believe that this is not what is envisaged by the RAN4 requirements. However some form of clarification is needed in the conformance spec on the applicability of such beams for declaration.

In certain circumstances, the columns used for TM4-6 may be calibrated. Examples include where the basestation needs calibration for operating other transmission modes, or where the deployment scenario is Line of Sight and it is envisaged that TM5 will be used to provide MU-MIMO (which is a pretty unlikely use in reality as TM5 is not widely used). If the columns are calibrated, then it could be interpreted that the BS is capable of providing a steerable user-specific beam when transmitting PDSCH. We are currently unclear as to whether such a beam produced in TM4 would be considered as a beam that should be declared and believe that clarification of some sort is needed. In any case, other TMs are of more use for MU-MIMO.
In case the PDSCH “beam” would be declared, then presumably the beam with the maximum declared beamwidth in the conformance declarations is likely to correspond to the largest cell specific beam carrying CRS, whereas the smallest beamwidth beam will correspond to the PDSCH “beam”.
UE specific beamforming based on CSI-RS

In release 10, the CSI-RS was introduced. CSI-RS are UE specific reference symbols that are envisaged for providing larger numbers of transmission layers to the UE. A basestation transmitting CSI-RS will also transmit CRS. Both CSI-RS and CRS can be transmitted from multiple transmitters; if there is beamforming applied to CRS and CSI-RS then it will be transparent to the UE.

The UE makes measurements on CSI-RS and reports a precoding suggestion to the basestation. The basestation then transmits a precoded PDSCH from all of the CSI-RS transmitters. Unlike TM4-6, the beam carrying the precoded PDSCH is identified to the UE by means of a demodulation reference signal (DM-RS).

The codebook provided in the RAN1 specifications for CSI-RS based precoding envisages a 4 column, cross polarized array with half lamda column separation (the separation is relevant if the transmitters are calibrated). The codebook contains a beamforming component creating a grid of beams in the horizontal dimension and a cross polarization MIMO component.

[image: image3]
For release-13 FD-MIMO, up to 16 CSI-RS ports may be provided to a UE. A number antenna array patterns are envisaged by a family of RAN1 codebooks , as depicted below.
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The transmitter groups carrying different CSI-RS may or may not be calibrated. When calibrated operation is used (which is more likely for TM9 than TM4-6), the codebooks are designed to provide in effect a grid of beams pattern for each polarization.
In terms of beam declaration, presumably both beams identified by CRS and those identified by CSI-RS are declarable and the minimum/maximum bandwidth beams will be whichever of the CRS/CSI-RS beams have minimum or maximum bandwidth (if there is any difference). There may be up to 8 parallel beams capable of carrying CRS or CSI-RS. Since there are a maximum of 4 CRS, it is likely that CRS may be transmitted using a different number of columns compared to CSI-RS.

For the PDSCH beam identified by DM-RS, then presumably if the transmitters are calibrated then the beam carrying DM-RS could be considered declarable for AAS(i.e. they should be considered when selecting the 5 min/maximum beamwidth beams for declaration).  Thus the minimum beamwidth beam is likely to correspond to the minimum DM-RS beam size, rather than any CRS beam.

If the transmitters are not correlated, then we believe that the resulting beam type is not part of the AAS framework. However this should be confirmed and clarified to avoid misunderstandings.
UE specific beamforming based on reciprocity

For TDD systems, under certain circumstances beamforming in downlink may be based on channel reciprocity. Reciprocity requires that the UE has equal transmitters and receivers and downlink/uplink calibration in the basestation. Since not all UEs will have equal DL and UL (together with other factors such as doing CA in DL but not UL), a TDD basestation is likely to still need to transmit other transmission modes.
A TDD basestation using reciprocity will transmit user specific beams to UEs that are identified by DM-RS.

Presumably, the scope of beams from a TDD basestation will include those carrying CRS, CSI-RS (if TM9 is operated) and DM-RS (for all TM7-9). The beam width the largest declared beamwidth is likely to correspond to the widest beam carrying CRS and the beam with the narrowest declared beamwidth the narrowest beam carrying DM-RS.

Since a TDD basestation operating reciprocity needs to be calibrated, there is no uncertainty about whether “beams” related to non-calibrated transmitters are in the scope of declaration.
UE specific beamforming based on beamformed CSI-RS PMI feedback
The scope for dynamically beamforming CSI-RS prior to release 13 is limited. Release 13 FD-MIMO has included a new type of CSI-RS, known as beamformed CSI-RS. Beamformed CSI-RS allows for multiple “beams” of CSI-RS to be transmitted. Each “beam” may contain multiple CSI-RS signals corresponding to further beams. The usage scenario is e.g. multiple vertical CSI-RS beams, with each vertical CSI-RS beam indicating multiple horizontal beamforming possibilities.
The UE reports PMI for several beams and the basestation selects a beam and precoding matrix. Transmission is then made to the UE based on the selected beam and PMI. The codebook available for horizontal beam selection is the same as in release 10, whereas the pattern of CSI-RS beams is not restricted.

From a RAN4 perspective, the basestation is likely to transmit beams identifiable by CRS, CSI-RS and DM-RS. Presumably the widest declared beamwidth will relate to the cell wide signal and the narrowest beamwidth to the narrowest user specific beam.
3 Conclusion

From the above elaboration, beamforming operations may involve 4 basic types of beam:

· Beams that are identified by CRS, that are transmitted over the whole cell

· Beams that are identified by CSI-RS, that may be transmitted over the whole cell or a portion of the cell

· Beams that are identified by DM-RS, that are user specific

· These beams may in some cases be formed by pre-coding of transmissions from non-calibrated columns or polarizations

· Beams that arise from precoded TM4-6 transmission

· These beams are likely be formed by pre-coding of transmissions from non-calibrated columns or polarizations, but may also be formed from calibrated transmissions

If the declaration of beams in RAN4 is not in any way related to how basestations actually operate in the context of LTE and UTRA, then there is a significant risk of misinterpretation of whether certain types of beamforming outputs should be considered in declaring radiated TX power or not. Some examples include:

· It may not be clear to all whether beams intended for being identified by CRS and being cell wide are considered beams on which EIRP accuracy and steering should be declared, or the EIRP accuracy requirement only refers to UE specific beamforming. This could in particular be the case if each cell wide beam is driven from a single transmitter and adjusted by passive RET

· It is open to interpretation how beams that can arise from precoded transmission from non-calibrated transmitters should be viewed. We propose that such beams should not be considered when making RAN4 declarations, but this should be made clear in guidance in the conformance specification to avoid misinterpretations

· It is open to interpretation whether, if in TM4-6 a beam is formed by precoding of transmissions from calibrated transmitters, the resulting beam should be considered for declaration in RAN4. Our proposal is that since the beam does not correspond to any antenna port, this type of beam should not be considered in RAN4 declarations. Again, the scope of what is declared as beams should be clear.

Such clarifications are necessary to give guidance as to what should be considered for declaration and will avoid different interpretations by different companies. There is no need to capture details of how (i.e. using which transmission modes etc.) a basestation will be operated in the RAN4 specifications and declarations, however there is a need to ensure that all possible beamforming operations envisaged by RAN1 are in the scope of what is declared and that ambiguities are avoided.
There then exist two possibilities for declaring beams, taking into account the Way Forward agreed at RAN4#78 [2].

First possibility:

· Consider all of the possible beamwidths that might be used for transmitting any antenna port by the hardware, apart from any beams excluded as above (e.g. user specific beams formed from precoding of non-calibrated transmitters)

· This consideration is about what the hardware might be capable to transmit, not which actual ports are supported by the basestation from the baseband

· From the considered set of beam possibilities, declare the beam with the largest beamwidth and beams with the smallest beamwidth in each dimension and all dimensions (as in the WF).

If this possibility is followed, most likely the largest declared beamwidth will relate to the widest CRS identified beam and the narrowest declared beamwidth beam to the narrowest beamwidth user specific DM-RS beam.

Second possibility:

· Consider all of the possible beamwidths that might be considered for transmitting any antenna port identified by CRS

· Declare the widest and narrowest beams according to the WF from this set
· Consider all of the possible beamwidths that might be considered for transmitting any antenna port identified by CSI-RS

· Declare the widest and narrowest beams according to the WF from this set
· Consider all of the possible beamwidths that might be considered for transmitting any antenna port identified by DM-RS

· Declare the widest and narrowest beams according to the WF from this set
The second possibility takes into account that beams identified by CRS, CSI-RS and DM-RS are likely to be transmitted with different portions of the array and have different properties. However for many types of array antenna port virtualization is likely to be used, meaning that the whole array is used for all types of beam.
Taking into account previous discussions, the first possibility is more straightforward and covers implicitly most important aspects of array performance (EIRP with the widest cell wide beam and steering performance of the narrowest, user specific beam). It is even more applicable when antenna ports are virtualized. The first possibility should be described together with a clarification of which types of beams should not be considered when deciding on what to declare for the widest and narrowest beamwidth beams.
A TP to capture this into the TR and some proposed specification text are provided in separate documents.
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