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1. Introduction
In this contribution we study potential codebook structures and CSI-RS enhancements. We consider a Rel-12 baseline with vertical sectorization (with Rel-10 codebook) and compare the performance of a new FD-MIMO codebook constructed following the Rel-10 guidelines. 
2. Codebook structure and resolution
In all cases we consider a cross-polarized array with 64 physical antenna elements given by (M, N, P) = (8, 4, 2). We consider Q=16 TXRUs associated with this array with MTXRU=2 and a sub-array architecture. Other details of the simulations are in the appendix.
(a) 8 TXRU Baseline with Vertical Sectorization: 8 antenna ports in each vertical sector using the Rel-10 8TX codebook feedback. This is the baseline Rel-12 performance that can be achieved without any specification enhancements. A total of 4 bits is used for W1 and 4 bits for W2 that leads to a quantization resolution of 1 bit/port.
(b) 16 TXRU Grid-of-Beams, kron(az,el), [x 0;0 x]: Here we consider a 16 port codebook that imposes a kronecker structure between the azimuth and the elevation dimensions, a block dialognal structure with the same diagonal elements and a GoB design for choosing the diagonal elements. In general this structure has been implied in many contributions including [3]

 REF _Ref410400224 \n \h 
[4] and is an evolution of the Rel-10 8Tx codebook structure. A rank-1 precoder following this format can be expressed as (also see [3]) in the following. A rank-2 precoder has a similar form except that the post multiplier matrix is a 2x2 unitary matrix.
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The codebook follows Rel-10 guidelines – in particular we have used 8x oversampling in both azimuth and elevation resuling in 7 bits for the W1 codebook and 6 bits for the W2 codebook. Uniformly sampled DFT vectors are used for construction. Roughly the quantization resolution in this case is 13/16 = 0.8125 bits/port. 
(c) 16 TXRU [x1 0;0 x2]: Here, compared to (b), we remove the restriction of a kronecker structure between the azimuth and the elevation dimensions and also the restriction that the block diagonal entries of W1 has to be the same. The resulting precoder in this case can be expressed as: 
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where W2 has the same structure as in (b). In this case we obtain x1 from the dominant eigenvector of a 8x8 covariance matrix associated with the +45 degree antenna elements and we obtain x2 from the dominant eigenvector of a 8x8 covariance matrix associated with the -45 degree antenna elements. Here also we ignored the amplitudes and only retained and quantized the phases of the 8x1 eigenvectors. We used 4 bits for quantizing each phase using a 16-PSK constellation. The overhead is then 7*4*2 bits for W1 and 4 bits for W2 for rank-1, and 7*4*2 bits for W1 and 0-bits for W2 for rank-2. Roughly the quantization resolution is then 0.5*(60+56)/16=3.625 bits/port
(d) 16 TXRU [x1 x2;x3 x4]:: Here, compared to (d) we remove the restriction that the block cross-diagonal terms are ignored. The co-phasing terms from W2 become unnecessary and the resulting precoder in this case can be expressed as:
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In this case x1, x3 are obtained from the first dominant eigenvector and x2, x4 are obtained from the second dominant eigenvector of the 16x16 covariance matrix. Here also we ignored the amplitudes and only retained and quantized the phases of the 16x1 eigenvectors. We used 4 bits for quantizing each phase using a 16-PSK constellation. The overhead is then 15*4*2 bits for W1. Roughly the quantization resolution is then 7.5 bits/port
(e) 16 TXRU Ideal:  the eNB is assumed to know exactly the full 16x16 covariance matrix.  This method serves as an upper bound on system performance
3. Simulation Results
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Figure 1: Mean, Median and Edge UPT (high RU case) comparison of 8Tx phase-1, 16 Tx vertical sectorization (baseline) and 16 Tx GoB codebook (case (b) described above).
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Figure 2: Performance comparison (as in Figure 1) relative to 8Tx phase-1. The gain of the baseline case compared to phase-1 is ~32% in mean UPT, the gain of the specification enhancement case (case (b) described above) compared to the baseline is ~13%
Figure 1 and Figure 2 show the performance of the methods (a) and (b) The performance of scheme (b) is provides some gains compared to the Rel-12 baseline performance. Note that the versatility and the robustness of this GoB codebook for different practical TXRU configurations is yet to be studied - specifically the TXRU spacing can be easily non-uniform in practice (in elevation), other array configurations like stacked circular arrays are also of practical importance. Note that the performance of schemes (c), (d) and (e) are presented in a prior contribution [5]. Based on this we observe that 

Observation 1:  The performance of a straightforward extention of a Rel-10 style W1W2 codebook is observed to be about 13% (mean UPT) compared to a Rel-12 baseline for (M,N,P,Q)=(8,4,2,16) case for 3D-UMi scenario.
We also observe from [5] that scheme (c) performance is quite similar to scheme (b). This shows that the kronecker structure between azimuth and elevation as well as the GoB design is not significantly limiting the performance. In fact we see that increasing the quantization resolution given a block diagnonal strucuture where the diagonal elements are constrained to be the same is not very useful.
 Observation 2:  If a block diagnonal structure with the same diagonal elements is retained for W1, imposing a kronecker structure between azimuth and elevation as well as a GoB design is not significantly limiting. In fact imposing such a kronecker structure and a GoB design can reduce the overhead significantly. 
We also observe from [5] a good progressive improvement in the system performance with bursty taffic using schemes (d) and (e) which comes at a greater feedback overhead. This shows that the two key limitations driving the performance is i) imposing the same block diagonal entries and ii) ignoring the cross diagonal entries.
Observation 3: The two key aspects determining codebook performance are i) imposing the same block diagonal entries and ii) ignoring the cross diagonal entries of W1. If a high resolution quantization scheme is considered these two aspects need to be studied.
4. CSI-RS enhancements
In terms of handling more than 8 TXRUs two alternative approaches have been discussed – i) extending the currently available 8 CSI-RS ports to larger number of ports for e.g. 16, 32 or 64 ports; ii) utilizing 2 CSI processes, one for azimuth and another for elevation that will allowing estimation of a the partial channel – specifically the azimuth ports conditioned on aggregated elevation ports and elevation ports conditioned on aggregated azimuth ports. Overhead is one of the aspects that differes between these two methods. The overhead for method i) corresponding to 8, 16, 32 and 64 TXRUs (5ms periodicity) is 0.95%, 1. 90%, 3.81% and 7.62% respectively. The overhead for method ii) depends on the TXRU orientation for example 8 azimuth x 2 elevation will have a different overhead compared to 4 azimuth x 4 elevation ports although both are associated with 16 TXRUs. Therefore the overhead for method ii) is between 0.95-1.19%, 1.43-2.14%, 1.90-4.05% for 16, 32 and 64 TXRUs respectively. The savings in terms of overhead then turns out to be >0.71%, >1.67% and >3.57% for 16, 32 and 64 TXRUs is respectively. Adrawback for method ii) is the inability to estimate the full channel which will impact the CSI feedback accuracy. The implementation specific virtualization that is needed for method ii) adds to the uncertainity of codebook performance as well. In terms of standardization complexity and overhead, extending the current CSI-RS design to 16 ports is simpler than 64 ports. In view of this and keeping in mind the performance results from Figure 1 and Figure 2 we observe that:
Observation 4: 16 CSI-RS ports (instead of 2 CSI-RS process precoding) is observed to be beneficial, design complexity and overhead of 32 and 64 CSI-RS ports needs to be further studied.
5. Conclusion
Observation 1:  The performance of a straightforward extention of a Rel-10 style W1W2 codebook is observed to be about 13% (mean UPT) compared to a Rel-12 baseline for (M,N,P,Q)=(8,4,2,16) case for 3D-UMi scenario.
Observation 2:  If a block diagnonal structure with the same diagonal elements is retained for W1, imposing a kronecker structure between azimuth and elevation as well as a GoB design is not significantly limiting. In fact imposing such a kronecker structure and a GoB design can reduce the overhead significantly.
Observation 3: The two key aspects determining codebook performance are i) imposing the same block diagonal entries and ii) ignoring the cross diagonal entries of W1. If a high resolution quantization scheme is considered these two aspects need to be studied.
Observation 4: 16 CSI-RS ports (instead of 2 CSI-RS process precoding) is observed to be beneficial, design complexity and overhead of 32 and 64 CSI-RS ports needs to be further studied.
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Appendix
Table 1: Simulation assumptions

	Parameters
	Values

	Tx power
	46dBm for 3D-UMa 500m, 41dBm for 3D-UMa 200m, 3D-UMi 200m

	Polarized antenna modeling
	Model -2 from 36.873 [1]

	Traffic model 
	FTP Model 1 with packet size 0.5 Mbytes (low ~20% RU*, medium ~50% RU, high ~70%RU), the number of UEs is variable and according to desired load for bursty

Full buffer model

	Wrapping method
	Geographical distance based

	Metrics
	Mean, 5%, 50% UPT

	System bandwidth
	10MHz (50 PRBs)

	UE attachment 
	Based on RSRP (formula) from CRS port 0

	Network synchronization 
	Synchronized

	UE Speed 
	3km/h

	UE distribution 
	according to 36.873 [3]

	UE array orientation
	ΩUT,a uniformly distributed on [0,360] degree, ΩUT,b = 90 degree, ΩUT,g = 0 degree

	UE antenna pattern
	Isotropic antenna gain pattern A’(θ’,ф’) = 1

	Receiver 
	Non-ideal channel estimation and interference modeling, detailed guidelines according to Rel-12 [71-12] assumptions

	
	LMMSE-IRC receiver, detailed guidelines according to Rel-12 [71-12] assumptions

	UE Rx antenna configuration
	2 Rx cross-polarized (0/+90)

	Feedback 
	PUSCH 3-2 for non-reciprocity operation 

	
	CQI, PMI and RI reporting triggered per 5ms 

	
	Feedback delay is 5 ms 

	
	Rel-10 8Tx codebook

	Transmission scheme
	TM10, single CSI process, dynamic SU/MU-MIMO with rank adaptation

	Overhead 
	3 symbols for DL CCHs, 2 CRS ports and DM-RS with 12 REs per PRB

	Scheduler 
	Frequency selective scheduling (multiple UEs per TTI allowed)

	BS antenna configuration
	antenna elements config (M, N, P): (8, 4, 2), TXRU config (MTXRU, N, P): (1, 4, 2)

	CSI-RS, CRS
	CSI-RS, CRS: CSI-RS 1-1 mapping to TXRU, only CRS port 0 is modeled for UE attachment, CRS port 0 is associated with the first column with +45 degree pol, CRS port 0 to TXRU mapping is ideal and given by [1, 0, 0, 0, 0, 0, 0, 0]

	Downtilt
	θetilt = 100 deg for scenario-1, scenario-3, θetilt = 104 deg for scenario-2

	CSI-RS
	5msec


