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This contribution compares the system performance of four antenna precoding codebooks proposed for downlink SU-MIMO in a 4x2 EUTRA system. Sector throughput and cell-edge performance are given in single polarized as well as dual polarized scenarios. The proposed codebooks are given in [1] - [4]. The codebooks are labeled as “Joint”[1], “Samsung-1” and “Samsung-2”[2], “ZTE”[3] and “Ericsson”[4].
The detailed simulation assumptions are given in Table 3. A 19 cells (57 sectors) system is simulated. Reference case 1 is simulated. There are 4 transmission antennas at the eNBs and 2 received antennas at the UEs. The antenna spacing is 1 or 10 λ at the eNB and 0.5 λ at the UE. Simulation results are given for both single polarized and dual polarized scenarios.
Table 1 (Table 2) summarizes the sector throughput and cell-edge performance of the proposed codebooks for single polarized as well as dual polarized scenarios with 1 λ (10 λ) spacing at eNB. Non-ideal channel estimation is assumed, and a PMI is reported every 5ms with a 2ms delay either for the whole bandwidth or for each RB. 
For the Ericsson codebook, the small pair separation codebook is used for 1 λ spacing at the eNB while the large pair separation codebook is used for 10 λ spacing at the eNB. Sector throughput and 5%-ile cell edge performance are given together with the gain/loss compared to the joint codebook.
Table 1 Codebook performance with 1 λ spacing at eNB.
	1 λ spacing at eNB
	Single Polarized
	Dual Polarized

	
	Avg. sector  throughput 
(Mbps)
	Avg. 5%-tile UE throughput 
(Kbps)
	Avg. sector  throughput 
(Mbps)
	Avg. 5%-tile UE throughput 
(Kbps)

	Joint
Wideband
	21.786

	779

	19.649

	372


	Samsung-1

Wideband
	21.710
(-0.3%)
	774
(-0.6%)
	19.655
(0.03%)
	375
(0.8%)

	Samsung-2

Wideband
	21.859
(0.3%)
	752
(-3.5%)
	19.636
(-0.07%)
	376

(1.1%)

	Ericsson
Wideband
	
	
	19.648
(-0.005%)
	373
(0.3%)

	ZTE
Wideband
	22.017
(1.0%)
	778
(-0.1%)
	19.464
(-0.9%)
	372
(0%)

	Joint

1 PMI/RB
	21.884

	777

	20.034

	401


	Samsung-1

1 PMI/RB
	21.800
(-0.4%)
	779
(0.3%)
	20.003
(-0.2%)
	398
(-0.7%)

	Samsung-2

1 PMI/RB
	21.991
(0.5%)
	751
(-3.3%)
	20.006
(-0.1%)
	402
(0.2%)

	Ericsson
1 PMI/RB
	
	
	19.991
(-0.2%)
	404
(0.7%)

	ZTE
1 PMI/RB
	22.114
(1.0%)
	777
(0%)
	19.843
(-1.0%)
	400
(-0.2%)


Table 2 Codebook performance with 10 λ spacing at eNB.
	10 λ spacing at NB
	Single Polarized
	Dual Polarized

	
	Avg. sector  throughput (Mbps)
	Avg. 5%-tile UE throughput (Kbps)
	Avg. sector  throughput (Mbps)
	Avg. 5%-tile UE throughput (Kbps)

	Joint
Wideband
	19.427

	479

	20.894

	426


	Samsung-1

Wideband
	19.435
(0.04%)
	480
(0.2%)
	20.711
(-0.8%)
	426
(0%)

	Samsung-2 Wideband
	19.380
(-0.3%)
	480
(0.2%)
	20.686
(-1.0%)
	423
(-0.7%)

	Ericsson
Wideband
	
	
	20.697
(-0.9%)
	420
(-1.4%)

	ZTE
Wideband
	19.448
(0.1%)
	480
(0.2%)
	20.327
(-2.7%)
	420
(-1.4%)

	Joint
1 PMI/RB
	20.932

	494

	22.462

	466


	Samsung-1

1 PMI/RB
	20.938
(0.03%)
	493
(-0.2%)
	22.098
(-1.6%)
	458
(-1.7%)

	Samsung-2 
1 PMI/RB
	20.851
(-0.4%)
	489
(-1.0%)
	22.096
(-1.6%)
	460
(-1.3%)

	Ericsson
1 PMI/RB
	
	
	22.084
(-1.7%)
	456
(-2.1%)

	ZTE
1 PMI/RB
	20.917
(-0.07%)
	490
(-0.8%)
	21.828
(-2.8%)
	447
(-4.1%)


According to the system simulation results, the following conclusions are drawn:
1. Comparing with the joint codebook, the Samsung codebook-1 performs similar at 1 λ spacing with SP/DP and 10 λ spacing with SP. The difference is small, less than 0.5%. It performs slightly worse at 10 λ spacing with DP with a difference around 1%.
2. Comparing with the joint codebook, the Samsung codebook-2 obtains similar higher (less than 0.5%) sector throughput but lower (around 3%) cell-edge performance at 1 λ spacing with SP. At 1 λ spacing with DP, the Samsung codebook-2 has slightly lower throughput but slightly higher cell-edge performance. At 10 λ spacing with SP, the Samsung codebook-2 performs similar. It performs slightly worse at 10 λ spacing with DP with a difference around 1%.
3. Comparing with the joint codebook, the ZTE codebook performs slightly better at 1 λ spacing with SP, about the same at 10 λ spacing with SP, and worse at 1 and 10 λ spacing with DP.
4. Comparing with the joint codebook, the Ericsson codebook for DP performs slightly better at 1 λ spacing and worse at 10 λ spacing.
Therefore the joint codebook, which only uses a single codebook, provides similar or slightly better performance compared to other proposals.  
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Table 3 Simulation Parameters

	Parameters
	Values

	Carrier Frequency
	2.0GHz

	ISD
	500 meters

	Bandwidth
	10MHz

	Traffic
	Full buffer

	Speed
	3kmph

	#BS Transmitter  x #UE Receiver
	4x2

1 or 10 λ spacing at BS and 0.5 λ at UE

Single polarized or dual polarized antennas.

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Distance-dependent path loss
	L=128.1 + 37.6log10(.R), R in kilometers

	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.41.4 

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m  (See D,4 in UMTS 30.03)

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss  
	20 dB 

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Channel model
	Case-1B, Case-4B (both 10 and 1)

Spatial Channel Model [6] SCME-C (Urban Macro)

	Total BS TX power (Ptotal)
	46dBm

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)


	


	Users dropped uniformly in entire cell
	


	Minimum distance between UE and cell
	35 meters

	Number of users for full queue traffic model
	10

	AMC
	ON  (2/3<MCS<4.8) , 16 Levels

	HARQ
	IR with N=6 stop-and-wait HARQ protocol

	OFDM symbols per subframe
	14 (Total)

	Scheduler
	PF (both in time and frequency domain)

	Link Mapping
	EESM

	Other Cell interference
	Explicitly modeled

	Channel estimation
	Explicitly modeled as per [7] for Data and Control Channels

	DL Control Channels 
	Explicitly modeled as per with max n=3 (baseline).  

	DL Reference Signal Structure
	As per [7]

	Resource Block (RB) size 
	12 sub carrier over 10 symbols

	CQI Bin Bandwidth
	2 RB

	Maximum number of users scheduled per sub-frame
	DL:10 for 10 MHz

	Link to system interface
	Refer R1-061626 
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