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1 Introduction
In RAN1 #82 meeting, it was agreed that for [8], 12, 16 Tx ports, a precoding matrix W in the codebook is represented as 
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In [1], four alternatives for the codebook generation were agreed to be down selected and merged into one. In [2], the alternatives of detailed design of 
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 were given and required to be evaluated for down selection or merge.

In this contribution, we discuss the codebook design for 16Tx ports layout. The comparison of different codebook structures is provided in this contribution, including configurable or fixed codebook structure, and different alternatives for W1 and W2 design. And then, we also give the details of our proposed codebook design.
2 Discussion on Codebook design 
2.1 Discussion on the 16 port layout

From the WID of FD-MIMO [3], it is clearly shown that the only 2D antenna array is supported in the WI stage, and the main objective aims to specify the enhancements identified for utilizing both elevation and azimuth domains with 2D antenna array with cross-poles at eNBs. Thus, we need to focus on the design of 2D antenna array (2D antenna port layout)  other than the 1D antenna array, which is also the conclusion in RAN#68 meeting with a long discussion. 

For the 16 ports, we can focus on the discussion of the following antenna configurations with 2D antenna port layout as: 
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Figure1. 16 antenna ports with 2D port layout
where case 1 is 8 Horizontal and 2 vertical ports (8H2V), case 2 configuration is for 4 horizontal and 4 vertical antenna ports (4H4V). Therefore, the codebook design of 16 ports is also needed to focus on the optimization on the two antenna configurations shown in Figure 1.

2.2 Discussion on codebook structure
For codebook structure, it was agreed to down select or merge into one among the following four alternatives in [1]:
· Alt1:  Tall, [square] and wide arrays are supported with a single codebook.  Codebook subset can be separately selected via RRC signaling of codebook subset selection parameters or a bitmap

· Alt2:  Tall, [square], and wide port layout are supported with parameters 
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. Oversampling factors are configured by RRC signaling. Other parameters are to be determined.

· Alt3: For each number of 12 and 16 CSI-RS ports, at most two fixed codebooks are specified. For PUSCH reporting, no subsampling is applied, and for PUCCH reporting, subsampling can be applied.

· Alt4:  for each number of 12 and 16 CSI-RS ports, a single fixed codebook is specified, and only the total number of CSI-RS ports needs to be signaled. 

For the configurable codebook design as described in Alt.2, the codebook can be generated via configurable parameters based on antenna configurations and deployment scenarios. The configurable parameters include: 

· Oversampling factors for dimension d, 
[image: image25.wmf]d
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, d=1,2
· Beam group spacing

· Number of beams in each group

· Beam spacing
The mentioned benefit of the configurable codebook is to save standardization efforts as the codebook generation becomes an implementation issue in this way. However, if the configurable parameters are not standardized for each antenna configuration and each scenario, the size of the codebook and the codebook down selection for CSI reporting by PUCCH (which has been agreed to be supported in last meeting) cannot to be decided. That means the mentioned parameters are required standard efforts for each antenna configuration and each scenario. 
If the configurable codebook is used and the parameters are standardized, the optimization of the related periodic CSI feedback is also required tremendous standard efforts. For example, the oversampling factors and the number of beams in each beam group will impact the number of W1 and W2 hypotheses. If the number of feedback bits for PMI is variable related to the configured parameters, the detection performance of PMI on PUCCH is not stable, i.e. larger number of PMI bits, worse of the performance in BLER. In addition, a new format is required to be designed to fit the variable payload size, or codebook down selection methods are required to be designed for each hypothesis. Furthermore, for the configurable codebook, each scenario and each antenna configuration correspond to at least a codebook. Thus, there are too many codebooks are needed to be tested in RAN4, which will increase tremendous test complexity and work load for RAN4. 
For the master codebook design as described in Alt.1, it seems to aggregate multiple codebooks into a master codebook, which can be used for different scenarios and antenna configurations. Due to the limitation of codebook size, feedback overhead and UE complexity, it is difficult to use the whole master codebook directly. To reduce the UE complexity and feedback overhead, codebook subset restriction is used. If one codebook is designed for each antenna configuration or 16 antenna ports, the method seems the same as the fixed codebook design, which is mentioned in Alt.3 and Alt.4. If there is one or more codebooks designed for each antenna configuration and each scenario, the issues to be addressed are similar with Alt.2, including parameters standardization, codebook down selection and RAN4 test complexity. 
For the fixed codebook design, i.e., Alt3 and Alt4, one or at most two codebooks are designed for 16 antenna ports. The codebook design scheme is focused on optimizing the codebook for each antenna configuration or 16-antenna port. It is well known that, in legacy codebook design, such as Rel-10 8Tx codebook, only one codebook is optimized for the 8 ports antenna configurations. Thus, with the same manner with the legacy codebook design principle, one or at most two codebooks can be designed and optimized for 16-ports antenna configurations in Rel-13. The standard efforts and UE complexity in the fixed codebook are also acceptable, especially in the short WI stage. 

Regarding to the issue of one or two codebooks are designed for 16 ports, it depends on the performance difference, standard efforts and UE complexity. Based on the simulation results in our previous contributions [5], one fixed codebook with antenna indexing rotation can obtain significant gain in both the 8H2V and 4H4V antennas. So, for the codebook design for 16-ports, we can further focus on the optimization of the only one codebook design. 
In the following, we provide some simulation results to show whether more than one codebook (or antenna configuration/scenario specific codebook) can provide gain in the 16-ports. In the simulation, we compared two cases, where one is only a codebook for 8H2V and 4H4V in 3D-UMa with 500m ISD scenario, another is use two codebooks for 8H2V and 4H4V in 3D-UMa with 500m ISD scenario.
For more than one codebook:
· For 8H2V, performing 8x and 2x oversampling in horizontal and vertical domain,

    W1 is composed of 4 horizontal and 1 vertical beams.

· For 4H4V, 4x oversampling in horizontal domain and vertical domain

W1 is composed of 2 horizontal and vertical beams.

For only one fixed codebook (Alt.4):

· For 4H4V and 8H2V, 4x oversampling in horizontal domain and vertical domain

W1 is composed of 2 horizontal and 2vertical beams.
Since only the codebook for 8H2V is different for two schemes, the simulation results for 8H2V are provided in table1.
Table1: Performance comparison between configurable and fixed codebook in 3D-UMa scenario
	
	5% UPT

	50% UPT

	Average UPT
	RU
	FTP load,λ (UEs/s/sector)

	8H2V
	One fixed codebook (Alt4)
	4.49 (100%)
	17.9(100%)
	20.93 (100%)
	53%
	3.1

	
	More than one codebooks
	4.7 (104.6 %)
	18.18(101%)
	20.88(100%)
	52%
	


From the simulation results, we observe the case with more than one codebook provides marginal gain compared one fixed codebook design. The performance of codebook design in 4H4V is the same between the two codebook designs, since the codebook is the same for 4H4V and 3D-UMa scenario.
Observation 1: The codebook design with more than one codebook for 16 antenna ports requires additional standard efforts and increase UE complexity, however, only provide marginal performance gain. 
Proposal 1: The codebook design with one fixed codebook for 16 antenna ports (Alt.4) is preferred.
2.3 Comparison of 
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For 
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, it was agreed to down select or merge into one among the following three alternatives in [2]:

· Alt1: 
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· Alt2: 
[image: image29.wmf][

]

[

]

÷

÷

ø

ö

ç

ç

è

æ

Ä

Ä

=

2

1

2

1

2

1

2

1

1

0

0

m

m

m

m

Col

Col

X

X

X

X

W


· Alt3: 
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where 
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In Alt3, the two polarizations separately select beam groups among candidates. There may be some performance benefit with larger codebook size compared with Alt1 and Alt2. However, the feedback overhead will be doubled in this way. In addition, the UE complexity with the larger codebook is also increased. In Alt.1 and Alt.2, the main difference is the column vectors in W1 are Kronecker product (KP) structure or Non-KP structure. If the number of columns is fixed, the performance of KP and Non-KP structure may be similar and depend on different scenarios. In the following, we provide some simulations for KP and Non-KP based codebook structures. 
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           Figure 2: one case of column selection
In the simulation, for Alt2, 4x and 2x oversampling are used in long and short dimension, and the column selection scheme in Fig.2 is adopted. To keep the same codebook size as Alt.2, 2x oversampling is performed in both long and short dimension. The detailed parameters in simulation are provided in Appendix.
Table2: Performance comparison between Alt1 and Alt2 in 3D-UMi scenario
	
	5% UE Throughput
(gain)
	50% UE Throughput
(gain)
	Average UE Throughput UPT
	RU
	FTP load,λ (UEs/s/sector)

	8H2V
	Alt1
	6.25 (100%)
	20.73 (100%)
	23.8 (100%)
	52%
	3.7

	
	Alt2
	6.27 (100%)
	20.51(99%)
	23.85(100%)
	52%
	

	4H4V
	Alt1
	5.16(100%)
	18.87(100%)
	21.97(100%)
	53%
	3.4

	
	Alt2
	5.34(103%)
	19.23(101.9%)
	22.11(100.6%)
	52%
	


From the results in Table2, the performance of Alt.1 and 2 seems comparable with the some codebook size.
2.4 Comparison of 
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As the agreement in [2], 
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 should be selected from one among the following three alternatives for rank1 and rank2,
· Alt1: rank 1 
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   where 
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· Alt2: rank 1 
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· Alt3: rank 1 
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In Alt2, the two polarizations separately select preferred beams (columns) in W1. Since the codebook size increases, there may be some performance benefit. However, the feedback overhead is also increased, especially for the short term channel information feedback.  
Compared to the Alt.1 and Alt.2, the main difference in Alt.3 is to introduce 
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 rotation in second polarization. Due to the 
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 rotation is related to the beam selection in W2, i.e., Y1 and Y2, no additional feedback bits are required. 

In the codebook design, to guarantee the robustness of codebook, the adjacent W1 are overlapped, such as Rel-10 codebook, W1(1)=[b1,b2,b3,b4], W1(2)=[b3,b4,b5,b6]. In the design of new codebook, the same features also need to be maintained at least one of spatial dimensions. With the 
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rotation, different beams in W1 can be related to different set of co-phasing values. 
For example,
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, the phase shift will be changed to 
[image: image73.wmf]{

}

21/823/825/827/8

,,,

jjjj

n

eeee

pppp

aj

××××

Î

. So, it is easily to adjust the co-phasing values for each beam in W1. There are 2 overlap vectors in W1 in one or both two dimensions (horizontal and vertical), such as W1(1)= [b1,b2,b3,b4], W1(2)=[b3,b4,b5,b6], where there is only one vertical beams in W1. 
When one of the last two beams is selected in W1(1), using 
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, so the co-phasing for [b3,b4] in W1(1) is 
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When one of the first two beams is selected in W1(2), using 
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,  so the co-phasing for [b3,b4] in W1(2) is 
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That means the two beams [b3,b4] can be with different set of co-phasing values. There is additional diversity gain obtained.

In the following, we also provided simulation results for the performance of 
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 rotation. In the simulation, there are 4 beams in W1, and 2 of them are overlapped between two beam groups. 
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Table3: Performance comparison between Alt1 and Alt3 in 3D-UMi scenario
	
	5% UPT
	50% UPT
	Average UPT
	RU
	FTP load,λ (UEs/s/sector)

	4H4V
	Case1(Alt1)
	5.16(100%)
	18.87(100%)
	21.97(100%)
	53%
	3.4

	
	Case2(Alt3)
	5.39(104.5%)
	19.04(101%)
	22.4(102%)
	53%
	


From the simulation results we can see, the performance of codebook with 
[image: image81.wmf]a

 rotation provide additional performance gain. Since there is no overhead and complexity increasing with the 
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 rotation, it is preferred in the design of W2.
Observation 2: With 
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rotation, there is additional performance gain can be obtained without increasing feedback overhead and complexity.  
Proposal 2: 
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rotation for co-phasing in W2 design should be introduced.
3 Preferred codebook design for 16 ports

In this section, we provide the details of our proposed codebook design. The vectors in horizontal and vertical domain are generated by performing 2x oversampling. In long dimension, the DFT vectors with dimension 
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In short dimension, 4 DFT vectors are generated by performing 2x oversampling as
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W1 is denoted as
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Where 
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For codebook1, there are 16 candidates as
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For rank 1, the second stage codebook is expressed as
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For rank 2,
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And 
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4 Conclusions

In this contribution, we discuss and evaluate the codebook alternatives agreed on last meeting. And the codebook design for 16 ports is provided. We have the following observations and proposals

Observation 1: The codebook design with more than one codebook for 16 antenna ports requires additional standard efforts and increase UE complexity, however, only provide marginal performance gain. 
Observation 2: With
[image: image100.wmf]a

rotation, there is additional performance gain can be obtained without increasing feedback overhead and complexity.
Proposal 1: The codebook design with one fixed codebook for 16 antenna ports (Alt.4) is preferred.
Proposal 2: 
[image: image101.wmf]a

rotation for co-phasing in W2 design should be introduced.
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Appendix: 
Simulation Assumptions

	Parameter
	Value

	Central Frequency
	2GHz

	Antenna configuration
	8 vertical antenna elements, X-pol (+/-45), 0.5λ and 0.8λ spacing separately for horizontal dimension and vertical dimension, θetilt = 100 degrees.

	
	2 Rx at UE with 
[image: image102.wmf]0.5

l

spacing
X-polarized: 0/+90 degrees

	
	3D antenna pattern defined in TR36.873

	UE configurations

	Speed: 3km/h

	
	UE attachment: Based on RSRP from CRS port 0

	
	UE distribution: Follows 36.873 3D-UMi

	System Bandwidth
	10MHz (50RBs)

	PMI
	Rel.10 8 Tx codebook
And Kronecker product based 16Tx

	Scheduler
	PF 

	traffic model
	FTP with package size 0.5MB

	Transmit Mode
	TM10 with a single CSI process

	
	Dynamic SU/MU: rank-adaption, Max paired UE number: 2

	Receiver
	Non-Ideal channel estimation

	
	Non-Ideal interference modeling

	
	MMSE-IRC receiver

	Hybrid ARQ
	Maximum 4 transmissions

	Feedback 
	PUSCH 3-2 

	
	CQI and PMI reporting triggered per 5ms

	
	Feedback delay is 5 ms

	
	Codebook based feedback

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

	Handover margin
	3 dB
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