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1. Introduction

The study item on elevation beamforming and full dimension MIMO was approved in RAN#65[1]. EBF/FD-MIMO can be implemented in both standard-transparent and standardized manners. A list of possible standard-transparent EBF/FD-MIMO schemes using Rel-12 MIMO is provided in a companion contribution [2]. Meanwhile, scheme requiring standardized enhancements in Rel-13 should be investigated in terms of the performance gain, implementation complexity and specification efforts. Possible standard enhancements are analyzed in [3]. In this contribution we focus on CSI feedback schemes targeting 2D planar array deployment in Rel-13. 
2. CSI feedback
As this study item assumes a 2D planar array, CSI regarding both vertical and horizontal dimension are needed at eNodeB side. Basically, CSI for the overall antenna array could be feedback in two different approaches:

· Alt-1: One CSI-process of composite dimension    

· A high-dimension 
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-TX PMI (e.g., =16, 32, 64) is used to quantize the overall FD-MIMO channel, where
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is the total number of TXRU of the 2D array.
· Alt-2: Two CSI-processes of  separate dimension 

· Two CSI-processes are used to separately quantize the vertical and horizontal dimensions, possibly using existing codebooks (e.g. 2, 4, 8 Tx) for each dimension.

For Alt-1, PMI is searched over a possibly huge joint codebook and the performance might be superior to Alt-2. However, the searching complexity prohibits its usage in practice. Furthermore, designing such a codebook requires considerable amount of work in standardization. For Alt-2, each PMI is searched over a much smaller codebook, and thus searching complexity could be well controlled. Existing codebook in Rel-12 could be reused at least for the horizontal dimensions.
In our companion contribution [4], the CSI variation rates are compared between horizontal and vertical domains assuming a 2D antenna array. It is observed that PMI in vertical domain changes at a much slower rate. This implies that CSI in vertical domain could be fed back with a larger periodicity and coarser frequency granularity than horizontal domain. 

3. Evaluation
In this section, the performance of Alt-2 is evaluated against Alt-1. The codebook for horizontal domain is the existing codebook of Rel-12. The codebook for vertical domain is DFT codebook with down tilt values listed in Table 1.
Table 1: Down tilt values of vertical codebook

	Size of codebook
	Down tilt values for 3D-UMi/3D-UMi-3.5GHz (degree)
	Down tilt values for 3D-UMa/3D-UMa-200 (degree)

	2 bit codebook
	81.01, 88.21, 95.38, 102.64
	95.38, 102.64, 108.21, 115.94

	3 bit codebook
	75.5, 82.8, 86.4, 90, 93.6, 97.2, 100.8, 108.2
	90, 93.6, 97.2, 100.8, 104.5, 108.2, 112, 115.9

	4 bit codebook
	71.79, 75.52, 79.19, 82.82, 84.62, 86.42, 88.21, 90, 91.79, 93.58, 95.38, 97.18, 98.99, 102.64, 106.33, 110.11 
	91.79, 93.58, 95.38, 97.18, 98.99, 100.81, 102.64, 104.48, 106.33, 108.21, 110.11, 112.02, 113.97, 115.94, 117.95, 120 


The vertical codebook is assumed to only have codeword with rank = 1, for the reason that angular spread in vertical domain is small and the antenna in vertical domain constitutes a uniform array which is likely to give low rank channel. If supporting high rank transmission is justified in future, codeword with higher rank could also be constructed.
Wideband feedback is assumed for the vertical PMI and the periodicity is 200ms. With this configuration the feedback overhead and computational complexity is greatly reduced. Two reported PMI 
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point to precoder 
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in vertical codebook and horizontal codebook respectively. Then the composite precoder for the overall antenna array:
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Then rank of the overall precoder is determined by the rank of 
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 as the rank of 
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is always 1. CQI is calculated assuming the overall precoder is applied in PDSCH transmission.
For Alt-1, the codebook used is constructed from vertical codebook above and existing Rel-12 8 Tx codebook. Each codeword in the codebook could also be indexed by two PMI, i.e., PMI1 for vertical and PMI2 for horizontal. Unlike Alt-2, the two PMI are fedback with the same periodicity and granularity, i.e., 10ms for a subband of 6 PRBs.

Antenna configurations (M, N, P, Q) = (8, 4, 2, 64) is adopted in the evaluation. Each TXRU is mapped to an antenna port. Four scenarios are considered in this evaluation: 3D UMi with 2GHz frequency(3D-UMi), 3D UMa with 2GHz frequency and ISD 500m(3D-UMa), 3D UMa with 2G frequency and ISD 200m(3D-UMa-200), 3D UMi with 3.5GHz frequency (3D-UMi-3.5GHz).
The other detailed simulation assumptions could be found in Table A1.
3.1. Results for FTP traffic

In this section FTP traffic with user arrival rate of 
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=4 is considered. The resource utilization is approximately 50%. Table 2 - Table 4 show the performance of CSI feedback schemes Alt-1 and Alt-2 in the four considered scenarios. From the results, it can be observed that even with smaller feedback periodicity and granularity, Alt-1 does not have performance advantage over Alt-2.
Table 2: Performance of FD-MIMO, FTP traffic, 
[image: image12.wmf]l

=4
	Configuration
	Size of codebook
	5% UPT  (Mbps)
	Alt-2 over Alt-1
	50% UPT (Mbps)
	Alt-2 over Alt-1
	Mean UPT (Mbps)
	Alt-2 over Alt-1
	RU

	3D-UMa
	Alt-1
	2 bit codebook
	6.37 
	0.0%
	21.60 
	0.0%
	25.33 
	0.0%
	46.1%

	
	
	3 bit codebook
	7.79 
	0.0%
	23.21 
	0.0%
	26.73 
	0.0%
	42.5%

	
	
	4 bit codebook
	6.97 
	0.0%
	22.01 
	0.0%
	25.43 
	0.0%
	45.7%

	
	Alt-2
	2 bit codebook
	6.41 
	0.6%
	21.60 
	0.0%
	25.05 
	-1.1%
	47.1%

	
	
	3 bit codebook
	7.99 
	2.6%
	23.86 
	2.8%
	27.42 
	2.6%
	42.4%

	
	
	4 bit codebook
	7.84 
	12.5%
	23.37 
	6.2%
	26.77 
	5.3%
	42.9%


Table 3: Performance of FD-MIMO, FTP traffic, 
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	Configuration
	Size of codebook
	5% UPT  (Mbps)
	Alt-2 over Alt-1
	50% UPT (Mbps)
	Alt-2 over Alt-1
	Mean UPT (Mbps)
	Alt-2 over Alt-1
	RU

	3D-UMi
	Alt-1
	2 bit codebook
	10.07 
	0.0%
	28.44 
	0.0%
	31.39 
	0.0%
	36.5%

	
	
	3 bit codebook
	10.50 
	0.0%
	29.16 
	0.0%
	32.41 
	0.0%
	36.0%

	
	
	4 bit codebook
	10.47 
	0.0%
	29.16 
	0.0%
	32.15 
	0.0%
	35.9%

	
	Alt-2
	2 bit codebook
	9.92 
	-1.5%
	28.44 
	0.0%
	31.51 
	0.4%
	37.0%

	
	
	3 bit codebook
	10.73 
	2.2%
	29.16 
	0.0%
	32.39 
	-0.1%
	35.6%

	
	
	4 bit codebook
	10.73 
	2.5%
	29.42 
	0.9%
	32.74 
	1.8%
	35.1%


Table 4: Performance of FD-MIMO, FTP traffic, 
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	Configuration
	Size of codebook
	5% UPT  (Mbps)
	Alt-2 over Alt-1
	50% UPT (Mbps)
	Alt-2 over Alt-1
	Mean UPT (Mbps)
	Alt-2 over Alt-1
	RU

	3D-UMa-200
	Alt-1
	2 bit codebook
	8.94 
	0.0%
	25.46 
	0.0%
	28.42 
	0.0%
	40.1%

	
	
	3 bit codebook
	9.95 
	0.0%
	26.87 
	0.0%
	29.82 
	0.0%
	38.4%

	
	
	4 bit codebook
	10.13 
	0.0%
	26.66 
	0.0%
	29.70 
	0.0%
	38.2%

	
	Alt-2
	2 bit codebook
	8.75 
	-2.1%
	25.66 
	0.8%
	28.67 
	0.9%
	39.6%

	
	
	3 bit codebook
	9.42 
	-5.3%
	26.25 
	-2.3%
	29.26 
	-1.9%
	39.2%

	
	
	4 bit codebook
	9.98 
	-1.5%
	26.45 
	-0.8%
	29.42 
	-0.9%
	38.9%


Table 5: Performance of FD-MIMO, FTP traffic, 
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	Configuration
	Size of codebook
	5% UPT  (Mbps)
	Alt-2 over Alt-1
	50% UPT (Mbps)
	Alt-2 over Alt-1
	Mean UPT (Mbps)
	Alt-2 over Alt-1
	RU

	3D-UMi-3.5GHz
	Alt-1
	2 bit codebook
	9.94 
	0.0%
	28.20 
	0.0%
	31.32 
	0.0%
	36.8%

	
	
	3 bit codebook
	10.87 
	0.0%
	29.16 
	0.0%
	32.39 
	0.0%
	35.6%

	
	
	4 bit codebook
	10.16 
	0.0%
	28.92 
	0.0%
	32.16 
	0.0%
	35.5%

	
	Alt-2
	2 bit codebook
	9.75 
	-1.9%
	28.24 
	0.1%
	31.19 
	-0.4%
	37.3%

	
	
	3 bit codebook
	10.63 
	-2.2%
	28.67 
	-1.7%
	31.90 
	-1.5%
	36.2%

	
	
	4 bit codebook
	10.46 
	3.0%
	29.16 
	0.8%
	32.26 
	0.3%
	36.4%


3.2. Results for full buffer traffic

In this section, performance of CSI feedback scheme Alt-1 and Alt-2 are evaluated for full buffer traffic. Similar to the trend observed under FTP traffic, Alt-2 has only marginal performance loss due to longer feedback periodicity and coarser granularity.
Table 6: Performance of FD MIMO, full buffer traffic 3D-UMa scenario
	Configuration
	Codebook size
	Cell edge user SE (bps/Hz/user)
	Alt-2 over Alt-1
	Cell average SE (bps/Hz)
	Alt-2 over Alt-1

	3D-UMa 
	Alt-1
	2 bit codebook
	0.0722
	0.00%
	3.73
	0.00%

	
	
	3 bit codebook
	0.0900
	0.00%
	4.32
	0.00%

	
	
	4 bit codebook
	0.0880
	0.00%
	4.35
	0.00%

	
	Alt-2
	2 bit codebook
	0.0711
	-1.53%
	3.70
	-0.75%

	
	
	3 bit codebook
	0.0897
	-0.41%
	4.25
	-1.57%

	
	
	4 bit codebook
	0.0876
	-0.54%
	4.28
	-1.62%


Table 7: Performance of FD MIMO, full buffer traffic 3D-UMi scenario
	Configuration
	Codebook size
	Cell edge user SE (bps/Hz/user)
	Alt-2 over Alt-1
	Cell average SE (bps/Hz)
	Alt-2 over Alt-1

	3D-UMi 
	Alt-1
	2 bit codebook
	0.1082 
	0.00%
	4.95 
	0.00%

	
	
	3 bit codebook
	0.1196 
	0.00%
	5.54 
	0.00%

	
	
	4 bit codebook
	0.1263 
	0.00%
	5.85 
	0.00%

	
	Alt-2
	2 bit codebook
	0.1024 
	-5.28%
	4.87 
	-1.48%

	
	
	3 bit codebook
	0.1143 
	-4.47%
	5.41 
	-2.33%

	
	
	4 bit codebook
	0.1189 
	-5.87%
	5.70 
	-2.52%


Table 8: Performance of FD MIMO, full buffer traffic 3D-UMa-200 scenario
	Configuration
	Codebook size
	Cell edge user SE (bps/Hz/user)
	Alt-2 over Alt-1
	Cell average SE (bps/Hz)
	Alt-2 over Alt-1

	3D-UMa-200 
	Alt-1
	2 bit codebook
	0.1022 
	0.00%
	4.67 
	0.00%

	
	
	3 bit codebook
	0.1204 
	0.00%
	5.24 
	0.00%

	
	
	4 bit codebook
	0.1205 
	0.00%
	5.40 
	0.00%

	
	Alt-2
	2 bit codebook
	0.0996 
	-2.61%
	4.61 
	-1.33%

	
	
	3 bit codebook
	0.1180 
	-1.98%
	5.15 
	-1.72%

	
	
	4 bit codebook
	0.1184 
	-1.76%
	5.29 
	-2.02%


Table 9: Performance of FD MIMO, full buffer traffic 3D-UMi-3.5GHz scenario
	Configuration
	Codebook size
	Cell edge user SE (bps/Hz/user)
	Alt-2 over Alt-1
	Cell average SE (bps/Hz)
	Alt-2 over Alt-1

	3D-UMi-3.5GHz 
	Alt-1
	2 bit codebook
	0.1074 
	0.00%
	4.91 
	0.00%

	
	
	3 bit codebook
	0.1205 
	0.00%
	5.49 
	0.00%

	
	
	4 bit codebook
	0.1271 
	0.00%
	5.79 
	0.00%

	
	Alt-2
	2 bit codebook
	0.1008 
	-6.18%
	4.82 
	-1.76%

	
	
	3 bit codebook
	0.1166 
	-3.21%
	5.34 
	-2.78%

	
	
	4 bit codebook
	0.1220 
	-4.00%
	5.60 
	-3.20%


4. Conclusion 
In this contribution, two CSI feedback approaches are investigated. CSI regarding 2D antenna array could be reported either jointly or separately. Separate feedback has the advantage of lower feedback overhead, less computational burden and easy to be standardized. Performance evaluation shows that even with longer feedback periodicity and coarser granularity, separate feedback does not incur noticeable performance degradation.
Proposal
· Separate feedback of horizontal and vertical CSI shall be considered by RAN1.
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6. Appendix

Table A1: Evaluation assumptions
	Parameter
	Value

	Antenna configuration
	Horizontal:  8 elements, X-pol (+/-45),  0.5λ space
Vertical: 8 elements, 0. 8
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space

	Scenario
	3D-UMa with 500m ISD, 3D-UMi with 200m ISD, 3D-UMa with 200mISD, 3D UMi with 3.5GHz frequency

	System bandwidth
	10MHz (50RBs)

	Carrier frequency
	2GHz, 3.5GHz

	UEs per cell
	10 for full buffer

	UE  distribution
	Follows 36.873 3D-UMa, 3D-UMi

	UE speed
	3km/h

	Model of cross polarization
	36.814

	Traffic model
	Full buffer, FTP model 1

	Scheduling algorithm
	PF

	Receiver
	Realistic channel estimation

	
	MMSE-IRC receiver

	HARQ 
	Max 4 transmissions

	Horizontal PMI/CQI feedback granularity
	Subband (6 PRBs per subband)

	Horizontal PMI/CQI feedback periodicity
	10ms

	RI feedback periodicity
	120ms

	Transmission scheme
	SU/MU dynamic switching

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

	Wrapping  method
	Geographical  distance based

	Handover margin
	3 dB


_1483268392.unknown

_1483272363.unknown

_1483272384.unknown

_1483268393.unknown

_1483272353.unknown

_1483268387.unknown

_1483268388.unknown

_1483268386.unknown

_1475675270.unknown

