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Introduction
In RAN1#81, the study of performance and feasibility of elevation beamforming and full-dimensional (FD) MIMO [1] was completed.  It has been concluded that [2]  
· Non-precoded, beamformed and hybrid CSI-RS based schemes demonstrate significant throughput gain in realistic non-full buffer traffic models over the best baseline using implementation based enhancements in many scenarios
· The best choice between these schemes may depend on factors including the number of TXRUs
· Non-codebook based CSI reporting is beneficial for EB/FD-MIMO compared to the best baseline using implementation based enhancements.
· SRS enhancement is beneficial for EB/FD-MIMO compared to the best baseline using implementation based enhancements.
· From the performance perspective, DMRS enhancements are beneficial for EB/FD-MIMO.
As a follow-up, a new work item [3] has been approved in RAN 68 for Release 13.  The work item aims to specify the enhancements identified for utilizing both elevation and azimuth domains with 2D antenna array with cross-poles at eNBs.  The detailed objectives include
· Specify enhancements on CSI reporting in the following areas [RAN1]
· For non-precoded CSI-RS, codebook for 2D antenna arrays for support of {8,12,16} CSI-RS ports and associated necessary channel state information. 
· If there is not significant gain shown for new codebook for 8 CSI-RS ports, the current codebook for 8 CSI-RS ports is retained. 
· Necessary channel state information for beamformed CSI-RS
· Extension of Rel-12 CSI reporting mechanism for both periodic and aperiodic CSI reports
In this contribution, we discuss codebook design for 2D antenna arrays for support of {12, 16} CSI-RS ports. 
Codebook design for support of {12, 16} CSI-RS ports
General framework
A CSI reporting scheme is associated with at least two components: codebook(s) for the purpose of PMI reporting of 2-D antenna arrays and its associated CSI reporting modes.  The dual-stage precoding structure introduced since Rel-10 has been proven to provide trade-off between the feedback overhead and the precoding resolution.  It can be extended to construct codebooks for 2D antenna array with more than 8 CSI-RS ports.  The precoding matrix in the codebook can be described as , where  is used as a downlink transmission hypothesis for CSI calculation at a UE.  As summarized in [2], a potential specification enhancement on CSI reporting consists of the following CSI parameters:
-	PMI(s) corresponding to  and/or . Here one or multiple PMIs, such as H-PMI (horizontal dimension) and V-PMI (vertical dimension), are reported for  and , respectively. If multiple PMIs are reported, different reporting rates and/or granularities for different PMIs may or may not be used, and each of these PMIs can be reported either periodically or aperiodically.  
-	RI: a single RI or multiple RIs
-	CQI
Both feedback overhead and UE complexity should be considered when designing a new codebook.  It is unavoidable to increase the codebook size as the number of CSI-RS ports increases.  In general, increase number hypotheses of  should be justified by sufficient performance gain, as the PMI reporting related to  could be a short-term-wise and/or subband-wise.  A small increase in short-term/subband reporting may results in significant impact on the feedback overhead as well as the UE complexity for PMI selection.  
In this contribution, we consider the KP type codebook design for (M, N, 2) antenna prot array by assuming  and .  We assume 1D antenna port virtualization as described in [5]. The first matrix  can be written as

 defines th group of horizontal beams which are associated with a subset of quantized horizontal directions.  Similarly,  is the th groups of vertical beams which are associated with a subset of quantize vertical directions.  Each  contains  beams and each  contains  beams,


where  is N-element DFT vector with oversampling factor (OVSF) of ; is M-element DFT vector with OVSF of ;  and  are the indices of the first DFT beam in the group;  and  defines the interval between two adjacent beams.  Given (M, N), the design parameters  are fixed and depending on the number of transmission layers.  Two PMIs,  and  are used for indexing .  There are two options for the association between  and  given a rank hypothesis.
· Option-1	 is solely depending on , while  is solely depending on , or
· Option-2 	At least either  or  is depending on both  and 
Option-1 allows all possible pairing of , while Option-2 can be employed to get a subset of Option-1.  In our design, Option-2 is used to tailor some overlapped horizontal/vertical directions.
The second matrix  performs distinct selection of beams per layer and quantized co-phasing between two polarization groups.  For rank-r, the second matrix  can be written as

where  is selected from columns of the identity matrix ;  is the co-pahsing between two polarization groups. The second matrix  is index by the PMI .  In order to keep the subband feedback at current level, we further assume there are up to 16 hypotheses of the second matrix.



Codebook Parameters
The design parameters of the scalable codebook are summarized in Table 1 for rank-1, 2, 3, and 4.

Table 1: Codebook Parameters
	Rank
	
	
	
	
	
	

	1, 2
	8
	4
	1
	4
	1 or 2
	1

	3, 4
	4
	8
	1
	4
	1 or 2
	1



For the association between  and , we use  and  to tailors some overlapped beam grids.  Note that for each rank,  can be either 1 or 2.  UE may choose one value depending on the rank of the its channel in vertical.  In order to indicate the eNB with the value of  , a UE needs to feedback a one bit indicator to the eNB.  The eNB may also configure the UE to use one out of the two possible values via higher-layer signaling.  
For the second matrix, we can reuse the design of Rel-10 8-TX second matrix for  .  For , there are 8 beams in each beam group.  For rank-1, we can subsample 4 beams out of the 8 beams and then reuse the design of Rel-10 8-TX second matrix again, as shown in Figure 1.  
[image: ]
Figure 1: Subsampling pattern for rank-1 when 
For rank-2, we use following W2 hypotheses .  For rank-3 and rank-4, we subsample 8 beams out of the 16 beams and the reuse the design of Rel-10 8-TX second matrix again, as shown in Figure 2.

[image: ]
Figure 2: Subsampling pattern for rank-3 and rank-4 when 

The feedback overhead can be derived by these parameters.  In Table 2, we summarized the overhead of the codebook for 16 CSI-RS ports aligned in a (2, 4, 2) array as an example.



Table 2: Feedback overhead for the (2, 4, 2) antenna port configuration
	Rank
	
	
	

	1, 2
	0 – 7 (3-bit)
	0 – 7 (3-bit)
	0 – 15 (4-bit)

	3
	0 – 7 (3-bit)
	0 – 3 (2-bit)
	0 – 15 (4-bit)

	4
	0 – 7 (3-bit)
	0 – 3 (2-bit)
	0 – 7 (3-bit)


[bookmark: _Ref378529477]Simulation Results
To evaluation the performance benefit of the proposed codebook design, system level simulation is performed.  We compare the MU-MIMO performance of the proposed codebook and the KP based codebook.  In the KP based codebook,  contains only one vector.  Up to 4 UEs can be co-scheduled while each UE may be scheduled with 1 layer in MU operation and up to 2 layer in SU-MIMO.  As shown in Table 3, the proposed codebook provides about 22% gain over the Rel-10 8-TX configuration for cell center UEs.  A 6% gain over the KP coebook for cell center UEs can be observed with the same feedback overhead.
	Scheme
	Cell-edge UE SE Gain
	Average UE SE Gain

	(1, 4, 2) w/ Rel-10 codebook
	100%
	100%

	(2, 4, 2) w/ KP codebook
	41.6%
	15.3%

	(2, 4, 2) w/ proposed codebook
	43.1%
	21.9%


[bookmark: _GoBack]Conclusions
In summary, we discuss a scalable codebook design framework for 2D antenna array for support of 12 and 16 CSI-RS ports.  The simulation results show 6% gain for cell center UEs over the KP codebook under the same feedback overhead.  We propose consider introducing the proposed scalable codebook framework for 2D antenna array to support 12 and 16 CSI-RS ports.
References
[1] [bookmark: _Ref426442146][bookmark: _Ref398626394][bookmark: _Ref378529497][bookmark: _Ref370818393][bookmark: _Ref352001785][bookmark: _Ref351989238]RP-141831, Revised SID: Study on Elevation Beamforming/Full-Dimensional (FD) MIMO for LTE, Samsung and Nokia Networks.
[2] [bookmark: _Ref426442355]3GPP TR 36.897, Study on Elevation Beamforming/Full-Dimensional (FD) Multiple Input Multiple Output (MIMO) for LTE.
[3] [bookmark: _Ref426442167]RP-151085, WID: Elevation Beamforming/Full-Dimensional (FD) MIMO, Samsung.
[4] [bookmark: _Ref426565869]3GPP TS 36.213, Evolved Universal Terrestrial Radio Access (E-UTRA); Physical Layer Procedures (Release 10).
[5] [bookmark: _Ref427338276]R1-153883, Views on CSI Feedback Enhancements for Elevation Beamforming and FD-MIMO, Qualcomm.



4/4
image1.emf
0

5

2

7


image2.emf
0

3

4

4 0

7 3

7

1 5

5 1

2

6 2

6


