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1. Introduction
In the last #80bis meeting, RAN1 agreed the following terminologies.
· Non-precoded:
· This category comprises schemes where different CSI-RS ports have the same wide beam width and direction and hence generally cell wide coverage. 
· Beamformed:
· This category comprises schemes where (at least at a given time/frequency) CSI-RS ports have narrow beam widths and hence not cell wide coverage, and (at least from the eNB perspective) at least some CSI-RS port-resource combinations have different beam directions. 

In the non-precoded CSI-RS based scheme, the remaining issues are summarized as the conclusion in the last #80bis meeting report.
· For non-precoded CSI-RS  based schemes,
· CSI-RS coverage aspects related to CSI-RS reuse pattern
· CSI-RS coverage aspects related to CSI-RS power boosting
· Impairments related to TDM of REs from >2 OFDM symbols, e.g., phase drifting
· Codebook design
· Study ways to support more than 8 CSI-RS ports

In the contribution, we discuss the scenario where the codebook based approach is helpful, and KP based codebook enhancement.

2. Operation scenario 
In the considered shared cell id scenario for Rel-13 EBF study item, beamformed CSI-RS based schemes and hybrid CSI-RS based schemes are being discussed. In the TR 36.897, a beamformed based scheme refers to the operation that each UE selects one virtual sector based on beamformed CSI-RS resource(s), whereas a hybrid scheme refers to the operation that each UE is configured to both UE-specific beamformed CSI-RS resource(s) and cell-specific non-precoded CSI-RS resource(s), and those resource(s) are dependent. Specifically, the serving cell creates UE-specific beamforming in the second stage by utilizing the report from non-precoded CSI-RS resource(s) in the first stage. The UE will observe a small number of CSI-RS ports in the second stage. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]However, UE-specific CSI-RS resource(s) will burden the serving cell if there are a number of connected UEs. The transmission overhead should be reduced by reusing CSI-RS resource(s) to a group of UEs. Generally, UE grouping decrease the accuracy of beamforming to a specific UE in return for decreased transmission overhead. The UE grouping at the serving cell is the key to achieve a good performance/overhead tradeoff. Naïve UE grouping metric will create one group of all UEs or many groups of a UE. Instead of hybrid scheme that are keen to the UE grouping, we can consider sector-specific beamformed CSI-RS based schemes, which relieves the critical dependence on UE grouping algorithms. This approach can have wider beamforming than UE-specific beamforming. 
Observation: The performance UE-specific beamformed CSI-RS resource(s) is sensitive to a UE grouping.


Figure 1 Two virtual sectors in one physical cell

In the Figure 1, the eNB generates two virtual sectors within one physical cell. Inner virtual sector does not precode CSI-RS resource(s) but beamformed in terms of coverage, i.e., CSI-RS resource(s) is non-precoded within the inner virtual sector. The outer virtual sector has beamformed CSI-RS resources. Each sector may have different tilting angle, and can configure distinct codebook and feedback to serving UEs. The serving cell may configure two CSI processes to UEs that are located edges of virtual sectors. UE associates one virtual sector by DRSRP based on DMTC. 
The considering operation scenario allows the coexistence of two virtual sectors that are defined by sector-specific beamformed CSI-RS resource(s). Some contributions show that the most UPT gain is achieved when the number of vertical virtual sectors are four. Then, UE can monitor all sectors by CQI feedback or RRM report. Rel-12 LTE supports up to three CSI processes and up to three DRS. Also, we have to reserve monitoring resources for inter-cell interference managements such as eICIC, cell on/off and CoMP. We should not allocate all monitoring resources for only elevation beamforming. Otherwise, we have to enhance the Rel-12 standard so that larger number of monitoring capabilities are permitted.
Instead, we can reduce the number of virtual sectors to monitor with a new 2D codebook introduction. As shown in the Figure 1, in one of virtual sector, say inner virtual sector, UEs can recognize both azimuth and elevation domain in order to track the channel variation dynamically and to overcome insufficient sector resolution and to associate the most promising direction. In other words, a new 2D codebook can be introduced in this operation scenario. This approach reserves the number of monitoring resources of a UE, and the performance does not depend on UE grouping that is critical to the transmission overhead reduction. 
Observation: The 2D codebook will be helpful to beamformed based schemes as well as to non-precoded based schemes.
3. KP Codebook
Most imaginable options are revealed during past releases and previous meetings to design codebooks. Those include DFT based codebook (due to uniform array), and Kronecker product based codebook (due to rectangular array in the highly correlated channel), and double codebook (to reduce feedback overhead)
The baseline KP based schemes configures two codebooks, e.g., one for azimuth and one for elevation. Typically each codebook is generated by the 1D DFT formula, but they have different antenna spacing in some scenario. The serving cell should let UE know which antenna spacing applies to each codebook. (e.g., whether a codebook of 0.5 lambda antenna spacing or of 0.8 lambda, by 1 bit indication) in order to apply appropriate codebook.
Observation: KP based schemes requires two distinct component codebooks.
If Kronecker product of two 1D DFT vectors are used, then the high correlation channel is well approximated. In the baseline KP based scheme, the serving cell combine the reported precoding vectors using CSI processes in order to reconstruct the actual channel response. The precoding matrix is then calculated and the CQI follows next. 
The calculated precoding matrix and CQI causes inevitable error because the serving cell does not access to the full channel knowledge. The channel reconstruction includes the inherent interpolation based on what has been reported by the UE. Channel coefficients that are inferred are major source of approximation error. Intuitively, this modeling error can be reduced by choosing appropriate TxU set that are (uniformly) distributed across the URA. In other words, we can apply Kronecker product by matrices instead of vectors. This requires matrix codewords even for rank 1. Each URA codeword captures both horizontal and vertical correlation and we can expect smaller modeling error. The design example is available in [1] and [2].().
The reconstruction is similar and the difference is the basic component codeword becomes a matrix, i.e.,, where  is an element of first 2D codebook and  is an element of second 2D codebook,  is the cophase and  is the precoding matrix. As other KP based schemes, the transmission overhead can be relieved if the serving cell transmits CSI-RS for one component codebook at one CSI-RS instance, and repeats until all component codebooks are visited. Similarly, the feedback overhead can be relieved if the UE decomposes the estimated channel into PMIs for each component codebook, and feeds back each. The UE can derive the channel coefficients from the latest set of CSI-RS transmission instance(s). 



(a) 1st instance     (b) 2nd instance
Figure 2 Two CSI-RS transmission instances for (8,4,2,64)

[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Figure 2 exemplify the 2D codebook based KP scheme. (8,4,2,64) array needs two component codebooks. Component codebooks have (4,2,1,8) and (2,2,2,8) configurations with different antenna spacing, i.e., 0.5/0.8 lambda or 1.0/3.2 lambda. In this example, the serving cell transmits 8 ports at each CSI-RS instance, and total 16 ports are configured to UE in two CSI-RS instances. The serving cell receives  and  per polarization group. The overall precoding matrix will be  per polarization group, and the overall CQI will be basically given by product of  and  with proper corrections. The feedback overhead by reporting both  and  can be reduced if the serving cell configure different periodicity for each PMI report.
Proposal: The discussion for KP based scheme may include the 2D component codebook.
As we have seen above, the scalable codebook is helpful because this allows various TxU configurations. Horizontal virtualization between TxU and antenna elements may change the inter-TxU spacing. For example, the inter-TxU space is doubled (1 lambda) if two adjacent horizontal elements are interwinded. This causes aliasing in the space domain, but we can overcome with wise port allocations.
Proposal: In the work item phase, introduce the scalable codebook for Rel-13 EBF, and discuss a set of parameters that are configurable and the range of those parameters. 
Currently, the Rel-10/12 codebook support has low resolution in the case of high rank whereas relatively high resolution in the case of low rank. This assumes that UE will experience high rank in the rich scattering (2D) channel, and UE pairing with any other UE does not guarantee low inter-layer interference of different UEs. This design principle also reduces the feedback overhead, and the corresponding DCI format is designed. Thus, when UE reports a high RI, the serving cell can perform SU MIMO. On the other hand, in the Rel-13 EBF scenario that considers 16/32/64 TxUs and 3D UE dropping, the feedback based on high RI should be able to help MU pairing because the degree of freedom of the channel is increased. As a matter of fact, it is expected that the specification effort to introduce a new codebook will consume many time units. A promising option will be to specify only low rank case (e.g., 2) for both codebook and feedback.
Proposal: In the codebook discussion, the optimization for low rank has higher priority than for high rank.
4. Conclusion
In this contribution, we made following observations and proposals.
Observation: 
· The performance UE-specific beamformed CSI-RS resource(s) is sensitive to a UE grouping.
· [bookmark: _GoBack]The 2D codebook will be helpful to beamformed based schemes as well as to non-precoded based schemes.
· KP based schemes requires two distinct component codebooks.
Proposal: 
· The discussion for KP based scheme may include the 2D component codebook.
· In the work item phase, introduce the scalable codebook for Rel-13 EBF, and discuss a set of parameters that are configurable and the range of those parameters
· In the codebook discussion, the optimization for low rank has higher priority than for high rank
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