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1. Introduction

RAN1 80 has agreed following categories at high level for potential CSI-RS and feedback enhancement:  
· Enhancements related to beamformed CSI-RS-based schemes

· Enhancements related to non-precoded CSI-RS-based schemes

· Enhancements related to schemes based on hybrid beamformed CSI-RS and non-precoded CSI-RS

· Enhancements related to non-codebook based CSI reporting for TDD

· Enhancements related to SRS

The non-codebook based CSI enhancement related to TDD can be found in our companion paper [1]. For FDD, the category of enhancement related to non-precoded CSI-RS-based schemes may involve some specification changes, for example the number of CSI-RS ports. There may have several ways to increase the number of CSI-RS ports to obtain a 3D CSI. There is a certain trade-off between performance, feedback overhead, and specification changes. Within this contribution, a high level analysis is provided to indentify the potential standards impact. 

2. Discussion of Standards Impact
2.1. New CSI-RS Patterns
In order to efficiently exploit the benefit of a 2D antenna array, CSI-RS and CSI feedback enhancement are one of main issues that need to be addressed in this SI. The relative gain between a 2D antenna array and a 1D antenna array heavily depends on the quality of CSI at the eNB which should be sufficiently accurate to represent a full 3D MIMO propagation channel. The assumption of codebook quantization methodology, for example using Kronecker product (KP), does not necessarily mean that a CSI-RS pattern used for channel measurement shall be based on KP. The codebook quantization using KP is mainly driven by the limitation of feedback payload size as a technique of feedback compression, similar with the discussion of dual codebook W1W2 for 4/8 Tx in previous releases.  

In our understanding the assumption of Kronecker product (KP) for each instantaneous MIMO channel can be held only for LoS. The accuracy of such assumption or codebook structure will degrade more or less for NLoS. Our previous contribution in [3] shows that a 3D CQI cannot be perfectly represented by combining vertical and horizontal CQIs. Moreover the quantization based on KP is also related to vertical and horizontal antenna spacing. Due to flexible implementation of TXUR virtualization, TXRU effective antenna spacing will be different at vertical and horizontal domains. If we look at a long term channel characteristics like TX correlation matrix, vertical and horizontal channel component may be closed to KP since vertical and horizontal related channel coefficients are independently generated. However for each instantaneous NLoS 3D CSI, 
[image: image1.wmf]å

å

å

=

=

=

Ä

¹

Ä

L

i

i

L

i

i

L

i

i

i

B

A

B

A

1

1

1

 if we assume Ai and Bi  are vertical and horizontal channel components per path i.  Since the motivation of CSI feedback enhancement is to provide instantaneous CSI with sufficient accuracy for FDD, we should strive for a better channel measurement at the UE firstly. 
Several contributions have also analyzed the possibility of using reduced number of CSI-RS REs, for example V and H CSI-RS ports corresponding to V and H TXRU only, to approximately represent a full 3D channel for the concern of overhead and CSI-RS pattern reuse.  However we prefer not down-sampling CSI-RS pattern. Firstly the overhead of a CSI-RS pattern supporting like 16 CSI-RS ports by reusing existing CSI-RS REs and CDM (if adopted) is around 3%. Such overhead seems to be acceptable. The overhead and the number of CSI-RS pattern reuse for supporting more CSI-RS ports (>16 ports) become more and more problematic. However a hybrid method by combining precoded CSI-RS and non-precoded CSI-RS can be considered in order to balance the overhead of CSI-RS and the performance gain of a 2D antenna array with a larger array size, e.g. 32 or even 256 TXRU if desirable.  

Moreover, as we state above, the instantaneous CSI under NLoS does not strictly follow KP. Therefore if a 3D CSI-RS pattern is sub-sampled for UE channel measurement, the CQI derivation at the UE will not be based on an actual propagation channel so that some new UE testing mechanism at RAN4 is needed to guarantee the performance.  
· Proposal #1: If a new 3D codebook design is preferable, then a full CSI-RS pattern should be provide to the UE to measure a complete 3D MIMO channel. 
· Observation #1: A hybrid method by using precoded CSI-RS and non-precoded CSI-RS can be used to mitigate the burden and overhead issues of designing new CSI-RS patterns for FD-MIMO. 
· Observation#2: RAN1 may need to expand the CQI derivation mechanism for accommodating 3D CSI feedback and 3D PMI based on the Kronecker product.
If a full CSI-RS pattern is needed for 3D channel quantization, then the number of CSI-RS patterns may be an issue here. With 40 CSI-RS REs per TTI and 5ms periodicity, they can support around 3 reuse patterns for 64 CSI-RS ports, 6 patterns for 32 CSI-RS ports, and 12 patterns for 16 CSI-RS ports. In our understanding, the minimal number of required reuse pattern is 6 and similar with CRS.  However the overhead due to 6 patterns for 32 CSI-RS ports (e.g. with 4 vertical TXRU) is not attractive because the degree of freedom at the vertical domain start to saturate due to very small ESD.   Therefore from the point of usable CSI-RS patterns, supporting 16 CSI-RS ports can be considered as the upper-bound for further study.  
· Proposal #2: Supporting 16 CSI-RS ports can be considered as the upper-bound for further study. 

2.2. New CSI Feedback and 3D codebook
Assume that 3D-MIMO is only supported by DMRS-based transmission schemes with a new 3D codebook design. (Of cause other specification changes for CSI feedback are expected if other transmission schemes or MU-CSI are enhanced for the deployment of 2D antenna array, but that is out of the scope of this discussion.) A new 3D codebook design based on KP or other CSI quantization methodology will generally motive a new feedback mechanism. We believe that the design of 3D CSI quantization and feedback should take into account the difference between vertical and horizontal spatial information at least and the impact of TXRU virtualization.   

Firstly, required UE coverage at the vertical domain is roughly around +/-30 degree, compared to horizontal UE coverage at least +/- 60 degree. Therefore as a rule of thumb, the size of codebook could be roughly halved with respect to existing codebook size from channel quantization point of view.  Our analysis shows that even for the narrow beam formed by 8-element, we only need 4 beams (18 degree*4>>50 degree) to cover the entire vertical span. Moreover, due to large spatial correlation and smaller angular spread of EoD shown in vertical domain, the number of degrees of spatial freedom at the vertical dimension is usually smaller than the degree of freedom at the horizontal domain.  Consequently, we do not see strong motivation and benefit of defining very fine PMI granularity at vertical domain, e.g. greater than 8 vertical beams.   

Moreover coherence time of PMI for two spatial domains can be quite different. Since the vertical domain is more correlated to UE height whose vertical position will not move, the UE-specific downtilt angle or vertical precoder will not change frequently. Therefore the variation of PMIv can be much slower than the variation of PMIh [3]. A slow variation means that the network can update codebook semi-statically to probe all quantization possibilities. It is also feasible to reuse existing W1 and W2 structure to split long term and short term vertical information. Based on above analysis, we do believe that existing feedback and codebook design framework up to Rel 12 are sufficient, e.g. with W1W2. 

Assuming that there is a new 3D codebook based on dual codebook structure. We prefer reusing existing feedback mechanism and payload sizes as much as we could. Legacy codebooks are generally designed for both 1D cross-polarized and co-polarized antenna arrays. However 2D antenna array considered in this SI is only for cross-polarized antenna array with half-wavelength spacing at the horizontal domain. Therefore by down-sampling existing horizontal codebook design, especially for W1, we would vacate some rooms of feedback payload to accommodate 3D codebook.  

· Proposal #3: If a new 3D codebook design is preferable, for example using KP, we shall strive to reuse existing feedback mechanism like PTI and also existing payload sizes to mitigate standards and implementation changes. 

· Observation #3: If a new 3D codebook design is introduced, at least codebook down-sampling mechanisms for periodic CSI feedback should be designed along with some updating for aperiodic CSI feedback.
Now whether there is a need to design a new 3D codebook is next question. In our understanding, designing a new codebook is always antenna array specific. It is too difficult to design a generic and adaptive codebook structure for every possible antenna configuration. The dual codebook structure like W1W2 is mostly driven by feedback overhead reduction. However designing codebook entries of W1 and W2 is 3D antenna array specific. Since TXRUs can be virtualized to 2D/3D antenna port pattern using subarray partitioning/full connection or other TXRU virtualization methods, the first challenge for us is that how to prioritize 3D antenna arrays for codebook optimization. In our understanding, we shall start from V2H4 and V4H2 firstly before moving into 16TXRU. 

· Proposal #4: If a new 3D codebook design is introduced, antenna array with V2H4 and V4H2 should be prioritized. 
Moreover, it is essential to justify why a new codebook is needed. Our companion paper in [2] suggest that the codebook gain compared to the baseline or the implementation based method is potentially less than 10% for both cell edge and cell central UEs. Note that the baseline or the implementation based AAS have provided an attractive gain by exploiting benefits of 3D channel propagation and 3D channel feedback, e.g. based on multiple CSI-RS processes. If we compare the difference between the feedback based on precoded CSI-RS processes with beam index and the feedback based on explicit codebook measurement, two approaches are the same theoretically. If we assume that vertical precoders used for CSI-RS precoding and vertical precoders used for 3D KP PMI are identical, we don’t expect too much difference in terms of evaluation performance. Therefore, the advantage of introducing new codebook is not about performance gain in our understanding. Other arguable potential benefits could include saving CSI-RS processes for other operations, ease for implementation, etc. It should be further investigated whether these potential benefits justify a new 3D codebook design.
· Observation #4: Whether to introduce a new 3D codebook design is mainly driven by other factors instead of performance gain.   
3. Conclusions

In this contribution we analyze some potential standards impact. Although details of specification changes will be done in WI, the SI should take into account downlink overhead, CSI feedback overhead and implementation complexity etc. Therefore we have following observations and proposals: 

· Proposal #1: If a new 3D codebook design is preferable, then a full CSI-RS pattern should be provide to the UE to measure a complete 3D MIMO channel. 
· Observation #1: A hybrid method by using precoded CSI-RS and non-precoded CSI-RS can be used to mitigate the burden and overhead issues of designing new CSI-RS patterns for FD-MIMO. 
· Observation#2: RAN1 may need to expand the CQI derivation mechanism for accommodating 3D CSI feedback and 3D PMI based on the Kronecker product.
· Proposal #2: Supporting 16 CSI-RS ports can be considered as the upper-bound for further study. 
· Proposal #3: If a new 3D codebook design is preferable, for example using KP, we shall strive to reuse existing feedback mechanism like PTI and also existing payload sizes to mitigate standards and implementation changes. 

· Observation #3: If a new 3D codebook design is introduced, at least codebook down-sampling mechanisms for periodic CSI feedback should be designed along with some updating for aperiodic CSI feedback.

· Proposal #4: If a new 3D codebook design is introduced, antenna array with V2H4 and V4H2 should be prioritized. 
· Observation #4: Whether to introduce a new 3D codebook design is mainly driven by other factors instead of performance gain.   
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