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1 Introduction

In RAN1#78bis, the following has been agreed on TXRU virtualization and antenna modeling:
Agreements:
· Agree R1-144437 [1] with following updates

· Page 4, Value of N in phase 2 can be discussed in the next meeting

· Page 4, replace “for small cell” to “for 3D UMa 200 m ISD, small cell, and 3D UMi”
· FFS: Prioritization among “3D UMa 200 m ISD, small cell, and 3D UMi”
· Page 8, FFS: necessity to add “power” for adaptability of TXRU virtualization weights
· FFS in R1-144437 means that it is not precluded 

In particular, [1] has introduced two TXRU virtualization architectures, namely subarray partition and full connection architectures (depicted in Figure 1). This contribution discusses implications of the two hardware architectures on the system design.
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Figure 1 Subarray partition vs. full connection [1]
2 MIMO Precoding
The difference of subarray partition and full connection architectures leads us into different system designs to support various precoding techniques. This section investigates system design impacts of these two architectures.
For SU-MIMO and some MU-MIMO operations, beamforming techniques can be used to increase SINR at the UE receiver. Beamforming can increase the SINR by concentrating the energy at a departure angle for which a UE can best receive the signal from the eNB. The beamwidth after the beamforming is narrower than that of single-element beam, which may also reduce intra-cell interference in some MU-MIMO operations. Some of the DFT precoding vectors in the legacy PMI codebooks are intended for beamforming, and they can be readily used by the eNB for these DL MIMO operations. On the other hand, more advanced MU-MIMO precoding scheme, such as zero-forcing (ZF), signal-to-leakage-ratio (SLNR), etc., exploits orthogonality of signal subspaces to improve the SINR rather than to shape the beam. The legacy DFT feedback precoding vectors can also be used for such operations. Here the precoding vector feedback may be treated or perceived as the channel coefficient feedback for MU precoder calculation. In any case, it would be desirable if the FD-MIMO system architecture and design can support these diverse precoding techniques.
When phase shifters are inserted to control the weights of the two architectures, DFT precoding can be used for the TXRU virtualization. In that case, subarray partition generates a wide elevation beam, while full connection generates a narrow elevation beam. For UE-specific data beamforming operation, the two architectures are used in different manners. When wide elevation beams of the same beam pattern are used at MTXRU TXRUs for a column of 2D antenna array with a same pol, precoding weights can be applied on the MTXRU TXRUs to form and steer a UE-specific data beam towards a desired elevation (or zenith) angle. When MTXRU narrow elevation beams with different steering angles are used at the MTXRU TXRUs, one narrow beam among the MTXRU beams can be selected which helps a UE receive the best signal power.
Observation: Both subarray partition and full connection architecture can be used for UE-specific elevation beamforming operation. With subarray partition, eNB can apply precoding weights on the MTXRU TXRUs, while with full connection eNB can select one TXRU out of the MTXRU TXRUs for UE-specific elevation beamforming. 
Regarding the more advanced MU precoding operation, it seems that further consideration is necessary. In traditional legacy operations for azimuth-only precoding on azimuth antenna ports, eNB has utilized the channel coefficients at these antenna ports to derive MU precoding weights. The underlying assumption for this operation is that the shapes of the azimuth beam are the same for all the antenna ports, and hence various signal subspaces can be flexibly created for the MU-MIMO operation with applying the MU precoding weights. With the subarray partition architecture, the situation is the same as this traditional precoding case, and MU precoding weights can be derived and applied for elevation-domain MU signal orthogonalization. However, with the full-connection architecture, it is not clear how to derive and apply the advanced MU-MIMO precoders in the elevation domain. This is because the channel coefficients on different TXRUs are already in a different signal subspace. 
Observation: Advanced MU precoding can be readily applied with subarray-partition architecture. Need more study to understand whether or not advanced MU-precoding can be implemented with full-connection architecture.
3 CSI Feedback 

CSI feedback for the legacy LTE has been developed with an implicit assumption that DL MIMO precoding will be applied on the 1D antenna ports for only azimuth-domain precoding. For systems operating UE-specific elevation beamforming and FD-MIMO, new CSI feedback components seem to be necessary to help eNB understand the elevation channel states. The minimum add-on for the feedback for FD-MIMO operation in addition to traditional PMI/CQI/RI would be some form of channel direction information (CDI) for the elevation domain. 

With the subarray partition architecture, the CDI can be an additional PMI for the elevation domain. On the other hand, with the full-connection architecture, the CDI can be a recommended beam index. The CDI, in whichever form, can be fed back either semi-statically or dynamically, and either in wide-band or sub-band. To determine the feedback frequency and frequency-selectiveness of the elevation-domain CDI, a tradeoff between additional feedback overhead and performance should be carefully investigated. 

If the elevation-domain CDI introduced in addition to the CQI/PMI/RI, it would be necessary to further study how to define CQI/RI with considering both elevation-domain CDI and (traditional azimuth-domain) PMI.

The proposals in this section are summarized below.

Proposal: 
· Introduce CDI for the elevation domain for further evaluation.

· For subarray-partition architecture, introduce elevation PMI.

· For full-connection architecture, introduce elevation beam-index feedback.

· FFS on details of feedback frequency, frequency-selectiveness of the CDI. 

· FFS on the definition of CQI/RI in conjunction with the CDI. 
4 Conclusion
This contribution has reviewed impacts on precoding and feedback of the two TXRU virtualization mapping archictures, and made the following observations and proposals:
Observation: Both subarray partition and full connection architecture can be used for UE-specific elevation beamforming operation. With subarray partition, eNB can apply precoding weights on the MTXRU TXRUs, while with full connection eNB can select one TXRU out of the MTXRU TXRUs for UE-specific elevation beamforming. 
Observation: Advanced MU precoding can be readily applied with subarray-partition architecture. Need more study to understand whether or not advanced MU-precoding can be implemented with full-connection architecture.

Proposal: 
· Introduce CDI for the elevation domain for further evaluation.

· For subarray-partition architecture, introduce elevation PMI.

· For full-connection architecture, introduce elevation beam-index feedback.

· FFS on details of feedback frequency, frequency-selectiveness of the CDI. 

· FFS on the definition of CQI/RI in conjunction with the CDI. 
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