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1 Introduction
In RAN plenary #68 meeting, it was agreed that the enhancements on CSI reporting in the following areas [1] 

· 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 give our codebook design and provide performance evaluation with different codebook size for {8, 12, 16} antenna ports.  Based on the analysis and performance evaluation, we give the proposals for codebook design. 
2 Discussion on codebook design
In the EB/FD-MIMO SI stage, the following Kronecker Product (KP) based codebook was studied and captured in the TR [1],
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where the column vector or matrix 
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 maybe taken from a DFT matrix, representing the beam vector or matrix for vertical or horizontal direction for one polarization, and 
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 are the for the other polarization. The operator 
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 denotes the Kronecker Product. The matrix 
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 is used to combine the columns of 
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 in some ways..
It is well known that the angular spread in vertical domain is less than that in the horizontal domain [2]. The small angular spread corresponds to a high spatial correlation in antenna array for the vertical domain. Thus, if vertical domain has the same or less number of antenna than horizontal domain, it is reasonable to include a number of horizontal vectors in each
[image: image9.wmf]1

W

 to cover the channel variety (such as 4 DFT vectors in Rel-10 8Tx codebook) meanwhile keep one or a few number of vertical vectors in 
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. 
However, if the number of antenna in vertical domain is more than that in horizontal domain, the vertical beam width will be sharper than horizontal beams. There is much possibility that channel variation happens in vertical domain. Therefore, in 
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, a number of vectors in vertical vector are required to cover the channel variation in this case. It means that the number of vectors in vertical and horizontal domain in 
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 depends on the antenna number in each direction. Thus, for some antenna configurations, i.e. 8H2V and 4H4V, a uniform structure can be used for 
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with only antenna indexing adjustment. As shown in [3], the performance evaluation shows that the uniform codebook structure can be obtained significant gain in both 8H2V and 4H4V antenna configurations.
Proposal 1:  A uniform codebook structure can be used for both 8H2V and 4H4V antenna configurations. 
For the Kronecker product based codebook, one of the parameters need to be determined is the oversampling factors in horizontal domain and vertical domain, i.e., 
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, respectively. Larger oversampling factor corresponds to finer granularity of codewords but larger codebook size. 

Given the oversampling factor 
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 for horizontal and vertical respectively, there are 
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 vertical beams and 
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 horizontal beams, where M, N are DFT orders in horizontal and vertical domains, respectively. And, there are totally 
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 beam candidates in the codebook. 
For the long term channel information, 
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 need to be designed as a group of beams, where the a group of oversampled beams are included in 
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. As the similar design principle as Rel-10 8Tx codebook, the 
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 can be used to select the beams and co-phasing between two polarizations, for example 
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  for rank 1 codebook, and 
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 for rank-2 codebook.
In the following of the section, we give the detailed codebook design.
2.1 16 CSI-RS Ports

For 16TXRUs, there are 2 kinds of antenna configurations, 8H2V and 4H4V, shown as
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Figure1 : antenna configuration 8H2V                      Figure2 : antenna configuration 4H4V 

As discussed at the beginning of the section, a uniform codebook structure can be used for the two antenna configurations. With the antenna indexing sown in figure1 and figure2, the same codebook can be used for 8H2V or 4H4V. 
For antenna configuration 8H2V, the matrices
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 DFT vectors taken from horizontal beam candidates, and  
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 have 
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 columns representing the selected vertical beams. The precoding matrix 
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 is generated for rank 1 and rank 2 as
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where  
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where 
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For antenna configuration 4H4V, 
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 has the same structure as that of antenna configuration 8H2V, except 
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 DFT vectors are taken from vertical direction and 
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 DFT vectors are from horizontal direction.
2.2 8 CSI-RS Ports

The 8TXRUs in FD MIMO system is shown as figure 3.
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Figure3: antenna configuration (4H2V)
Similar with 16TXRU codebook, the matrices
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 DFT vectors taken from horizontal beam candidates, and  
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 and 
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 columns selected form vertical beam vectors. The precoding matrix 
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 has the same structure as formula (2), where
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where the 
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2.3 12 CSI-RS Ports
The antenna configurations for 12 TX RUs are show in Figure 4 and Figure 5 for 6H2V and 4H3V, respectively.
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                   Figure4: antenna configuration (6H2V)                Figure5: antenna configuration(4H3V)
Similar with the codebook for 16 antennas, a uniform codebook is also can be used for 6H2V and 4H3V antenna configurations. For 4H3V, the matrices
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 columns taken from horizontal beam candidates, and  
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columns representing the selected vertical beams. The precoding matrix 
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 has the same expression as (2), where 
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and the 
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 can be generated by formula (5) as well.
For antenna configuration 6H2V, selecting 
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 and  
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 beam vectors from vertical domain and horizontal domain, the matrix of 
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 can be generated in the same way as described above. It has the uniform structure as that for antenna configuration 6H2V.
It is worth noting that if 12 ports antenna configuration will be discussed, the 4H3V is preferred, because one of the legacy antenna sizes can be reused in 4H3V, i.e., 12 antenna elements in vertical domain and 4 antenna elements in horizontal with X polarization. The 12 antenna elements can be virtualization as 3 antenna ports, where each port corresponds to 4 antenna elements. However, there are no such antenna configurations and antenna size can be used for 6H2V case, so it is better with lower priority. 
3 Performance evaluation for the designed codebook
3.1 Performance of the designed codebook

To prove the validity of the proposed KP type codebook, the system performance is evaluated in 3D-UMi scenario. In this simulation, the legacy Rel-10 8Tx codebook is used for the baseline, and the virtualization method described in [3] is adopted to map 16 TXRUs to 8 CSI-RS ports. 
The legacy Rel-10 8Tx codebook has 8x oversampling for rank1 and rank2, resulting in 32 beams candidates for 
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. For fairness comparison, we use the KP type codebook with the same codebook size as Rel-10 8Tx, i.e. 32 beam candidates. Thus, we use 2x oversampling in both vertical and horizontal domains for 16 TXRUs resulting in 32 beam vectors. 
Following the same principle, we perform 4x and 2x oversampling for 8 TXRUs. The detailed simulation conditions are provided in the Appendix. The simulation results for 16 TXRU with 8H2V and 4H4V are shown in table 1-1 and table 1-2. Table 1-3 provides the 8 TXRU results.
Table1-1: Performance comparison between baseline and KP type codebook in 3D-UMi scenario with 8H2V
	
	5% UE Throughput
(gain)
	50% UE Throughput
(gain)
	Average UE Throughput UPT
	RU
	Traffic load,λ 

	Rel-10 codebook
	5.33 (100%)
	17.78(100%)
	21.08(100%)
	56.06%
	3.7

	KP codebook with same size
	6.76(127%)
	21.62(122%)
	24.4(116%)
	49.92%
	

	Rel-10 codebook
	3.36(100%)
	11.97(100%)
	15.37(100%)
	80.11%
	5.2

	KP codebook with same size
	3.97(118%)
	13.65(114%)
	17.5(114%)
	73.58%
	


Table1-2: Performance comparison between baseline and KP type codebook in 3D-UMi scenario with 4H4V
	
	5% UE Throughput

(gain)
	50% UE Throughput

(gain)
	Average UE Throughput (gain)
	RU
	Traffic load,λ 

	Rel-10 codebook
	4.44(100%)
	16.06(100%)
	19.29(100%)
	57.2%
	3.4

	KP codebook with same size
	5.85(132%)
	19.05(119%)
	22.22(115%)
	51.65%
	

	Rel-10 codebook
	2.6(100%)
	9.78(100%)
	13.48(100%)
	81.07%
	4.8

	KP codebook with same size
	3.41(131%)
	13.2(135%)
	16.7(124%)
	74.01%
	


Table1-3: Performance comparison between baseline and KP type codebook in 3D-UMi scenario with 4H2V
	
	5% UE Throughput(gain)
	50% UE Throughput(gain)
	Average Throughput
(gain)
	RU
	Traffic load,λ 

	Rel-10 codebook
	4.71(100%)
	16.8(100%)
	20.2(100%)
	53.00%
	3

	KP codebook with same size
	5.3(112.4%)
	17.86(106.2%)
	21.77(107.8%)
	49.20%
	

	Rel-10 codebook
	3.2(100%)
	11.8(100%)
	15.27(100%)
	70.91%
	3.9

	KP codebook with same size
	3.57(111.4%)
	12.86(109%)
	16.61(108.8%)
	65.98%
	


From the results, we can see that significant performance gain can be obtained with the proposed KP type codebook. Thus, we propose to use the KP based codebook in FD-MIMO. From Table 1-3, we can see that, the new codebook design can be obtain 8% performance gain in cell average and 11% performance gain in cell-edge for the 8Tx case.
Proposal 2: Use KP type codebook structure for FD-MIMO system.
Propose 3: Since the significant performance gain can be obtained in 8Tx codebook enhancement, so the codebook design for 8Tx should be enhanced in FD-MIMO.
3.2 Discussion on codebook size
The codebook size is related to the oversampling factor and number of antenna ports in each direction. The large oversampling factor will make the precoding vector with fine spatial resolution, and thus, better system performance is anticipated. However, the enlarged codebook sizes will increase UE complexity and UE has to consume more resource to feedback the preferred PMIs. So there is a tradeoff between performance and UE complexity and feedback overhead. In the following, we provide some performance evaluation of the codebook size, where the proposed KP based codebook is used in the simulation. 
For 16 ports, the 32 beam vectors are obtained by 2x oversampling in both vertical domain and horizontal domain. For comparison, the maximal oversampling factor is increased to 8x for 4 antenna in the same polarization, which is align with the principle of Rel-10 8Tx oversampling design. For 2 antenna elements, we use the up to 4x oversampling due to wider beam width in this case. 
For 2D antenna with 8 ports, KP type codebook with 4x and 2x oversampling in horizontal and vertical domain has 32 vector candidates. Then, the oversampling factor is increased to 8x and 4x in horizontal and vertical domain, respectively. 
The detailed simulation conditions are provided in the Appendix.
The simulation results for 16TXRUs are shown in Table 2-1 and Table 2-2 for 8H2V and 4H4V, respectively. We observe that increasing the oversampling provides 5% cell average performance gain and 6~9% cell edge performance gain.
Table 2-3 shows the 8TXRUs performance with varied oversampling factors. Increasing the oversampling factors to 4x and 6x in horizontal and vertical domain provides 6% performance gain in cell average and 1% performance gain in cell edge. 
	Table2-1: Performance comparison for non-full buffer simulation in 3D-UMi scenario with 8H2V
　Oversampling

(
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	5% UE Throughput
(gain)
	50% UE Throughput
(gain)
	Average UE Throughput UPT
	RU
	Traffic load,λ 

	(2x, 2x) 
	6.76(100%)
	21.62(100%)
	24.4(100%)
	49.92%
	3.7

	(8x, 4x)
	7.34(109%)
	22.1(102%)
	25.55(105%)
	48.00%
	


Table2-2: Performance comparison for non-full buffer simulation in 3D-UMi scenario with 4H4V
	　Oversampling

(
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	5% UE Throughput

(gain)
	50% UE Throughput

(gain)
	Average UE Throughput (gain)
	RU
	Traffic load, λ 

	(2x, 2x)  
	5.85(100%)
	19.05(100%)
	22.22(100%)
	51.65%
	3.4

	(4x, 8x)
	6.19(106%)
	19.7(103%)
	23.29(105%)
	48.82%
	


Table2-3: Performance comparison for non-full buffer simulation in 3D-UMi scenario with 4H2V
	Oversampling

(
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	5% UE Throughput(gain)
	50% UE Throughput(gain)
	Average Throughput
(gain)
	RU
	Traffic load, λ 

	(4x, 2x) 
	5.3(100%)
	17.86(100%)
	21.77(100%)
	49.20%
	3

	(8x, 4x)
	5.37(101%)
	19.7(110%)
	23.02(106%)
	45.92%
	


From these simulation results, we observe that increasing the oversampling factor in vertical domain and horizontal domain provides marginal gain, i.e. cell average UPT gain of 3~6% and cell edge UPT gain of 1~9%. Considering the increased overhead for PMI feedback, the same codebook size as that of Rel-10 8Tx may be a good tradeoff. 
Proposal 4: The same codebook size as Rel-10 8Tx is a good tradeoff.
4 Conclusions

In this contribution, we proposed a KP based codebook design and provided performance evaluate of the proposed codebook and the impact of the codebook size. We have the following proposals: 

Proposal 1:  A uniform codebook structure can be used for both 8H2V and 4H4V antenna configurations. 

Proposal 2: Use KP type codebook structure for FD-MIMO system.
Propose 3: Since the significant performance gain can be obtained in 8Tx codebook enhancement, so the codebook design for 8Tx should be enhanced in FD-MIMO.
Proposal 4:.The same codebook size as Rel-10 8Tx is a good tradeoff.
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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: image103.wmf]0.5
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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-UMa

	System Bandwidth
	10MHz (50RBs)

	PMI
	Rel.10 8 Tx codebook
And Kronecker product based 16Tx, 8Tx and 12Tx codebook

	Scheduler
	PF 

	traffic model
	FTP 1 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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