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1 Introduction
In this contribution, we show our evaluation results for rank 1+2 codebooks. 
2 Characterizing the rank 1 and 2 codebooks

If the submitted rank 1+2 codebooks are grouped based on their main featuring characteristic, this broad classification then follows:
· Group A: Block diagonal W1 with DFT beams + selection/co-phasing W2
· Ericsson/ST-Ericsson [5], Nokia/NSN [12], Qualcomm [13], Samsung [15], Renesas [14], Fujitsu [6], LG Electronics [19] 
· Group B: Diagonal W1 + “full” W2

· ALU/ALU-SB [1], AT&T [2], CATT [17], New Postcom [11]
· Group C: Other designs

· ZTE [16], Motorola [9], Huawei/Hisilicon [7], Intel [8], Broadcom [3], Texas Instruments [18], NEC [10], NTT Docomo [4]
Since Group A codebooks are quite similar in structure, but with varying codebook sizes (from 3/2 bits for W1/W2 respectively to 4/4 bits) the simulation results will give a rather good picture on how well increasing feedback will pay off in terms of throughput for this category. 
Group B codebooks use a diagonal W1, which essentially creates a “beam” towards a direction selected by W1 and then perform phase adjustments relative this beam direction. In essence can the same effective precoding matrix W=W1W2 be obtained as in Group A with this approach so this is merely a matter of codebook description. However, it is unclear whether the codebooks of this Group is easily extendable to rank 3 and 4 without loss in performance or increase in overhead.

In Group C, codebook designs which are more difficult to find commonalities among are classified although the TI [18] and Docomo [4] codebooks are quite similar to Group A but has some specific modifications such as Rel.8 amendment and non-constant modulus respectively. Also, although Huawei [7] states that their preference is the Rel.8 codebook for Scenario A, we have evaluated their antenna selection codebook in this contribution (as well as the Rel.8 codebook).    
3 Simulation results
We have conducted non-full buffer system level simulations to compare the submitted codebooks using a 4x2 setup with narrow spaced cross-polarized antennas and using the working assumption of PUSCH feedback mode 3-2. In these simulations only SU-MIMO was used. Further details of the simulator settings can be found in Appendix I. 

The plots shown in this section are obtained for the very high load of approximately 50% resource utilization (RU). In appendix II we show also tables with results for 7% and 25% RU, but at these loads the benefit over the Rel.8 codebook is less so this high load is useful to look at to better distinguish the codebook performances. Since the submitted codebooks vary greatly in their size, we have the opportunity to see the feedback overhead impacts on the throughput. Therefore, we have chosen to analyze the achievable throughput relative the feedback overhead (assuming the worst overhead case of 13 sub-bands /20 MHz system) using a scatter plot. Figure 1 below shows the normalized UE throughput and Figure 2 the normalized cell edge throughput.    

From these results we observe that 3,7% normalized cell throughput and 7,8% cell edge user throughput gain is achievable for codebooks in Group A over using the Rel.8 codebook in Mode 3-2 even with 44% a reduction of the PMI feedback overhead from 52 bits to 29 bits (assuming 13 sub-bands). If the feedback overhead instead is roughly the same as with the Rel.8 codebook, then the performance gain is increased slightly to 4,7% and 8,7% respectively. It also seems that the cell throughput increases by 1,5%-units when the feedback overhead increase from 2 bit to 3 bits per subband (c.f  Ericsson -> Qualcomm Alt.1) so it is worth considering a 3 bit subband feedback to reach a total PMI feedback overhead around 43 bits for this example.     
Codebooks in Group B performs roughly the same as Group A codebooks and there seem not to be any benefit of changing the description methodology from a block-diagonal W1 to a diagonal W1. The codebooks in Group C do not provide any benefit over the other two groups, even for those candidates which utilize much more feedback. 
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Figure 1: Normalized UE throughput [bps/Hz/user] plotted against the resulting PMI feedback overhead assuming subband PMI feedback and 20 MHz system bandwidth. Resource utilization is 50%.

[image: image2]
Figure 2: Cell edge normalized throughput [bps/Hz/user] plotted against the resulting PMI feedback overhead assuming subband PMI feedback and 20 MHz system bandwidth. Resource utilization is 50%.
4 Conclusions

Based on the simulation results of in this contribution we propose the following
Proposal: 

· Adopt a codebook structure using a Block diagonal W1 with DFT beams + selection/co-phasing W2
· A reasonable design assumption is 4 bit W1 and 3 bit W2 codebooks
· Decide on structure and overhead this meeting and finalize the codebook details until next meeting
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6 Appendix I
Table 1: System level assumptions.

	General parameters

	Carrier frequency
	2 GHz

	Bandwidth
	10 MHz

	Macro cell layout
	Hexagonal grid, 3-sector sites, 57 sectors

	Indoor/Outdoor UEs
	80% indoor, 20% outdoor

	Channel model
	ITU Urban Macro with O to I modeling

	Nrof RBs per subband
	6

	Traffic Model 
	FTP type 1, 0.5 Mbyte

	Control region overhead
	3 OFDM symbols per subframe

	DMRS overhead
	Yes

	Feedback delay
	6 subframes

	Feedback periodicity
	Every 5 subframe 

	Cell selection
	RSRP, 1 dB handover margin

	Scheduling
	PFTF

	Outer Loop Link Adjustment
	Yes, 10 % target BLER

	HARQ
	Yes, max 5 retransmissions

	Receiver filter
	MMSE with non ideal IRC (Wishart matrix model)

	Feedback modes
	3-2

	UE speed
	3 km/h

	UE antenna configuration
	3D isotropic X pole

	Macro antenna configuration
	XX setup with (/2 spaced columns, 11°downtilt

	Macro point transmit power
	40 W

	MU-MIMO
	Not enabled

	CSI feedback impairment modelling
	Realistic CSI-RS and realistic CSI-IM


7 Appendix II
Table 2 Simulation results, 7% RU

	Codebook
	Served Traffic
	Normalised User TP
	Cell-edge Norm. User TP
	Resource Util.

	
	[bps/Hz/cell]
	[bps/Hz/user]
	[bps/Hz/user]
	Ratio

	ALU/ALU-SB [1]
	0,278
	4,021
	1,731
	0,070

	AT&T [2]
	0,278
	4,020
	1,720
	0,070

	Broadcom [3]
	0,278
	4,023
	1,727
	0,070

	NTT DOCOMO [4]
	0,278
	4,036
	1,774
	0,069

	Ericsson [5]
	0,278
	4,012
	1,724
	0,070

	Fujitsu [6]
	0,278
	4,022
	1,719
	0,070

	Huawei, HiSilicon [7]
	0,278
	4,010
	1,678
	0,071

	Intel [8]
	0,278
	4,059
	1,789
	0,069

	Motorola [9]
	0,278
	4,044
	1,751
	0,069

	NEC [10]
	0,278
	4,042
	1,744
	0,069

	New Postcom [11]
	0,278
	3,934
	1,689
	0,072

	Nokia NSN Set 1 [12]
	0,278
	4,050
	1,749
	0,069

	Nokia NSN Set 2 [12]
	0,278
	4,042
	1,737
	0,069

	Qualcomm Alt-1 [13]
	0,278
	4,037
	1,744
	0,069

	Qualcomm Alt-2 [13]
	0,278
	4,016
	1,730
	0,070

	Renesas [14]
	0,278
	4,047
	1,750
	0,069

	Samsung [15]
	0,278
	4,005
	1,731
	0,070

	ZTE [16]
	0,278
	4,019
	1,722
	0,070

	CATT [17]
	0,278
	4,027
	1,743
	0,069

	TI [18]
	0,278
	4,039
	1,739
	0,069

	LG Electronics- crosspol [19]
	0,278
	4,014
	1,747
	0,070

	Rel.8 Codebook [20]
	0,278
	4,043
	1,762
	0,069


Table 3 Simulation results, 25% RU

	Codebook
	Served Traffic
	Normalised User TP
	Cell-edge Norm. User TP
	Resource Util.

	
	[bps/Hz/cell]
	[bps/Hz/user]
	[bps/Hz/user]
	Ratio

	ALU/ALU-SB [1]
	0,765
	2,984
	0,919
	0,259

	AT&T [2]
	0,766
	2,949
	0,894
	0,261

	Broadcom [3]
	0,766
	2,964
	0,893
	0,261

	NTT DOCOMO [4]
	0,765
	2,977
	0,921
	0,258

	Ericsson [5]
	0,765
	2,963
	0,910
	0,262

	Fujitsu [6]
	0,766
	2,961
	0,913
	0,261

	Huawei, HiSilicon [7]
	0,765
	2,904
	0,837
	0,270

	Intel [8]
	0,765
	3,028
	0,972
	0,253

	Motorola [9]
	0,765
	2,985
	0,935
	0,255

	NEC [10]
	0,765
	3,003
	0,930
	0,256

	New Postcom [11]
	0,765
	2,866
	0,903
	0,264

	Nokia NSN Set 1 [12]
	0,766
	2,978
	0,922
	0,259

	Nokia NSN Set 2 [12]
	0,766
	2,966
	0,907
	0,260

	Qualcomm Alt-1 [13]
	0,765
	2,988
	0,921
	0,258

	Qualcomm Alt-2 [13]
	0,766
	2,981
	0,919
	0,258

	Renesas [14]
	0,765
	3,001
	0,924
	0,257

	Samsung [15]
	0,765
	2,939
	0,897
	0,263

	ZTE [16]
	0,766
	2,965
	0,915
	0,261

	CATT [17]
	0,766
	2,965
	0,920
	0,259

	TI [18]
	0,765
	3,015
	0,949
	0,254

	LG Electronics- crosspol [19]
	0,765
	2,994
	0,927
	0,257

	Rel.8 Codebook [20]
	0,766
	2,953
	0,910
	0,260


Table 4 Simulation results, 50% RU

	Codebook
	Served Traffic
	Normalised User TP
	Cell-edge Norm. User TP
	Resource Util.

	
	[bps/Hz/cell]
	[bps/Hz/user]
	[bps/Hz/user]
	Ratio

	ALU/ALU-SB [1]
	1,110
	2,192
	0,524
	0,459

	AT&T [2]
	1,110
	2,128
	0,490
	0,473

	Broadcom [3]
	1,109
	2,196
	0,511
	0,461

	NTT DOCOMO [4]
	1,109
	2,205
	0,525
	0,457

	Ericsson [5]
	1,111
	2,179
	0,511
	0,467

	Fujitsu [6]
	1,110
	2,171
	0,523
	0,463

	Huawei, HiSilicon [7]
	1,110
	2,056
	0,457
	0,491

	Intel [8]
	1,111
	2,182
	0,506
	0,459

	Motorola [9]
	1,109
	2,206
	0,536
	0,458

	NEC [10]
	1,110
	2,207
	0,523
	0,457

	New Postcom [11]
	1,109
	2,093
	0,502
	0,469

	Nokia NSN Set 1 [12]
	1,110
	2,180
	0,511
	0,466

	Nokia NSN Set 2 [12]
	1,110
	2,184
	0,510
	0,465

	Qualcomm Alt-1 [13]
	1,111
	2,210
	0,520
	0,461

	Qualcomm Alt-2 [13]
	1,111
	2,213
	0,524
	0,459

	Renesas [14]
	1,111
	2,198
	0,519
	0,459

	Samsung [15]
	1,109
	2,193
	0,520
	0,462

	ZTE [16]
	1,110
	2,156
	0,507
	0,470

	CATT [17]
	1,109
	2,163
	0,503
	0,465

	TI [18]
	1,109
	2,185
	0,517
	0,463

	LG Electronics- crosspol [19]
	1,111
	2,158
	0,501
	0,469

	Rel.8 Codebook [20]
	1,112
	2,114
	0,482
	0,473
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