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1. Introduction
In this contribution we describe the main transmission schemes for consideration in designing the specifications for elevation BF/FD-MIMO. We also discuss the necessary changes to the DCI format and transmission mode for enabling new functionalities. 
2. Transmission schemes
We expect that the Rel-13 specifications will comprise of a set of “tools” that can be used to construct various specific implementation solutions for elevation BF/FD-MIMO. The transmission schemes presented in this section demonstrate three important solutions that can be used for motivating several specification changes but we do not intend or expect the final specifications to be either limiting or focused on particular solutions – both from antenna rray hardware and software point of view

Cell-specific beamformed CSI-RS based schemes:
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Figure 1: Illustration of cell-specific beamformed CSI-RS based schemes. 4 CSI-RS resources are used in a single cell that are associated with different elevation angles. Each elevation beam is associated with 8 azimuth ports. UE-1 and UE-2 selects the best elevation beam at a fast time-scale. The elevation beams are assumed to change at a much slower time-scale.  
In the cell-specfic CSI-RS based schemes, from the eNB point of view multiple CSI-RS resources are used in the cell – each CSI-RS is associated with a particular beam in the elevation domain. Each UE is configured with multiple CSI-RS resources and the UE provides CSI feedback to enable beam-selection in addition to PMI/RI/CQI feedback for azimuth adaptation. It would be typical to have the beamforming for the CSI-RS to be semi-static in nature with a much larger time-scale than the beam-selection or CQI/PMI/RI feedback periodicity.
Specification impact: The measurement and feedback of a beam-selection entity is the main standardization impact here. In [1] we show that a beam index feedback based on the measurement of all CSI-RS ports (and IMR) and determined according to post receiver spectral efficiency (similar to CQI/PMI/RI) can provide significant improvement in performance. Some additional modifications to the definition of a CSI process configuration can facilitate this and result in a cleaner set of specifications.

UE-specific beamformed CSI-RS based schemes:
[image: image2.png]2D. Beam-2
UE-2

2D. Beam-1
UE-1

Time




Figure 2: Illustration of UE specific beamformed CSI-RS based schemes. 2 beamformed CSI-RS resources are associated with UE-1 and UE-2 respectively, each with 2Rx. Each beamformed CSI-RS resource is associated with 2 ports. The beamforming for the CSI-RS resources are allowed to change at a fast time-scale.
In UE specific beamformed CSI-RS based schemes a CSI-RS beam is tailored towards a particular UE. The beamforming for CSI-RS is naturally in 2D and typically a beamformed CSI-RS resource comprises of 1-2 ports according to the maximum number of layers that is intended to be scheduled to the UE. The UE is expected to provide CQI, RI feedback and port selection/co-phasing feedback – an objective here is to reflect the beamforming and receiver processing gains into the CQI. The challenge here is to control the system wide CSI-RS overhead and also to allow dynamic changes to the beamforming of CSI-RS. UE specific beamformed CSI-RS based schemes are mainly relevant for networks utilizing reciprocity for beamforming the CSI-RS.
Specification impact: In this case, the specification impact mainly comprises of measurement resource restrictions on CSI-RS that allows the eNB to quickly change the beamforming weights applied to the CSI-RS [2]. In addition, resource restriction on IMRs will also allow the eNB to provide various CSI hypothesis for UE measurement and feedback. 
Non-precoded CSI-RS based schemes:
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Figure 3: Illustration of non precoded CSI-RS based schemes. Cell specific non-precoded CSI-RS is transmitted from a set of TXRUs in 2 dimensions (azimuth and elevation) for measurement and CQI/PMI/RI feedback from the UE.
A set of non-precoded CSI-RS ports are transmitted from a set of TXRUs in two dimensions (azimuth and elevation). The CSI-RS ports are measured and CQI/PMI/RI is determined by a UE for feedback. The CSI feedback supports precoding weight, CQI and rank adaption in both azimuth and elevation corresponding to the ports used for CSI-RS transmission. The maximum number of measurement ports here is 16.

Specification impact: The main specification change is the introduction of a new 2D codebook comprising of 16 ports and supporting adaption in the azimuth and in the elevation diemensions. Associated with a new codebook are enabling changes to reporting types and configuration signaling.  
Observation-1: The Rel-13 specifications are expected to comprise of a set of “tools” that can be used to implement various solutions applicable for elevation BF/FD-MIMO. The three main transmission schemes to be considered for design purposes are a) Cell-specific BF CSI-RS based schemes b) UE specific BF CSI-RS based schemes and c) non-precoded CSI-RS based schemes. The final specifications should not be limiting or focused to particular solutions. Antenna array architectures with 8, 16, 32, 64 TXRUs can be considered for design purposes. 
3. DCI format
A DCI format defines the fields necessary for providing the dynamic (per TTI basis) configuration, allocation and  information necessary for decoding PDSCH by the UE. The transmission schemes described above does not seem to necessitate any fundamental change to the way UEs are scheduled or allocated for PDSCH transmission. In the case of cell-specific BF CSI-RS based schemes the PDSCH destined for a UE may be dynamically switched from one beam to another. In the case of UE specific BF CSI-RS the PDSCH for a UE may be delivered over one or more selected beams (each port may be considered to be a beam here). In the case of non precoded CSI-RS based scheme there is basically no change to the basic principles of conventional codebook based transmission expect that the precoding is now in 2D rather than 1D. Therefore a UE monitoring a single DCI format in addition to Format 1A is sufficient for the transmission schemes under consideration.
Observation-2: Monitering a single DCI format in addition to Format 1A is sufficient for the elevation BF/FD-MIMO transmission schemes under consideration.

Considering closed loop MIMO operation with DMRS and MU-MIMO, the most relevant legacy DCI formats to consider for elevation BF/FD-MIMO are Format 2C and Format 2D. Format 2D includes a PDSCH RE mapping and QCL indicator that was introduced in Rel-11 to support CoMP operation as well as non-CoMP operation in CoMP scenario 4. In order to retain the functionality introduced in Rel-11 that is also relevant for elevation BF/FD-MIMO, DCI format 2D can be considered for enhancement in Rel-13. 
A potential enhancement candidate for Rel-13 is the introduction of more orthogonal DMRS ports – in order to support this some changes may be expected in the DCI field – “Antenna ports, nSCID, number of layers”. A new DCI format with possibly larger size may be introduced or alternatively multiple DCI formats may be used. In order to enable multiple DCI formats, a UE may be configured through higher layer. The details of the control channel implications of DMRS enhancements are treated in CITE. Due to the introduction of new NZP CSI-RS definitions (16 port NZP CSI-RS) some minor changes in the interpretation of the field “PDSCH RE mapping and QCL indicator” can be expected. In general it is desirable to keep the changes to DCI format to a minimum both from an implementation and standardization point of view.     
Proposal-1: DCI format 2D should be considered as the starting point for enhancements due to elevation BF/FD-MIMO operation in Rel-13 and the changes to DCI format should be kept at a minimum.
As mentioned above, we envision a toolbox approach where several functionalities facilitating elevation BF and FD-MIMO implementation will be introduced in Rel-13. The existing functionalities of TM10 remains relevant and should be retained. Thefore one alternative is to use TM10 and activate new functionalities with higher-layer configuration. However, in order to facilitate a modular and clean specification a new transmission mode may be created with Rel-13 functionalities focussing on elevation BF/FD-MIMO. 

Note that some functionalities in Rel-13 may potentially be demanding  on UE complexity e.g. high resolution codebook or beam selection feedback with a large number of candidate beams. In these cases mixing of multiple such functionalities may add up complexity at the UE side. Therefore some consideration should be given to prevent  mixing of such functionalities when finalizing the specifications, possible options include having such features in different TMs, or providing certain limitations through RRC signalling.     
Proposal-2: New transmission mode(s) focussing on elevation BF/FD-MIMO functionalities may be considered for a modular and clean specifications.TM10 can be used as a starting point for this transmission mode(s).
Proposal-3: Consider enabling 16Tx codebook codebook feedback and beam selection feedback in separate TMs. 

4. Conclusions
Observation-1: The Rel-13 specifications are expected to comprise of a set of “tools” that can be used to implement various solutions applicable for elevation BF/FD-MIMO. The three main transmission schemes to be considered for design purposes are a) Cell-specific BF CSI-RS based schemes b) UE specific BF CSI-RS based schemes and c) non-precoded CSI-RS based schemes. The final specifications should not be limiting or focused to particular solutions. Antenna array architectures with 8, 16, 32, 64 TXRUs can be considered for design purposes. 
Observation-2: Monitering a single DCI format in addition to Format 1A is sufficient for the elevation BF/FD-MIMO transmission schemes under consideration.
Proposal-1: DCI format 2D should be considered as the starting point for enhancements due to elevation BF/FD-MIMO operation in Rel-13 and the changes to DCI format should be kept at a minimum.

Proposal-2: New transmission mode(s) focussing on elevation BF/FD-MIMO functionalities may be considered for a modular and clean specifications.TM10 can be used as a starting point for this transmission mode(s).

Proposal-3: Consider enabling 16Tx codebook codebook feedback and beam selection feedback in separate TMs.
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