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1
Introduction
Uplink beamforming can be seen as a special case of UL MIMO operation limiting the transmision to rank 1. This operation is relevant for UEs supporting multiple transmit antennas with  their respective power amplifiers, as opposed to the antenna selection transmit diversity scheme already defined as part of LTE Rel-8 that requires a single power amplifier at the UE. 

Uplink beamforming operation would require the feedback from the eNB of the beamforming vector in FDD systems, while could be made transparent to the eNB in TDD systems provided that the channel reciprocity is effectively exploited at the UE. 
This contribution studies the gain that UL beamforming provides over SIMO and transmit antenna selection.
2
Link Simulation Results 

In this section, we simulate and compare the link performance of uplink beamforming with simple antenna selection and SIMO transmissions. The link level simulation parameters are listed as below:
Table 1: Link Simulation Parameters

	Carrier frequency
	2.0GHz

	System bandwidth
	5MHz

	Data transmission BW
	4 RBs (48 subcarriers)

	Slot format
	Normal CP (7 symbols per slot)

	Channel model
	SCM-C [1]

	Fading speed
	3km/h

	Antenna configuration
	1x2, 2x2

	Tx Antenna correlation
	0, 0.5

	Rx Antenna correlation
	0

	Channel coding
	Turbo code

	Modulation
	QPSK, 16QAM, 64QAM

	Receiver
	Linear MMSE

	Channel estimation
	Realistic

	AMC target termination
	10% at 1st subpacket

	CQI feedback delay
	4ms

	DM-RS for beamforming
	Precoded DM-RS

	Beamforming vectors
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Fig. 1 shows the throughput performance of uplink beamforming with 8 or 4 beamforming vectors compared with simple antenna selection scheme. One can observe that when the transmit channels are uncorrelated, the additional gain of uplink beamforming relative to antenna selection is around 0.7dB at medium SNR. 
Fig. 2 shows the performance of uplink beamforming when the transmit antennas are correlated. From Fig. 2, we can see that the extra gain of uplink beamforming relative to simple antenna selective is around 1.2dB at medium SNR values. At the same time, we can see that the performance difference between 4 and 8 beamforming vectors is marginal.
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Figure 1. Uplink beamforming with independent transmit antennas
[image: image3.emf]2 4 6 8 10 12 14 16 18 20 22

500

1000

1500

2000

2500

3000

3500

Average Tone SNR per Rx Antenna (dB)

Throughput (kbps)

SCM-C Channel, Tx Corr:0.5

8 BF Vectors, TDM Pilots

4 BF Vectors, TDM Pilots

Antenna Selection

SIMO


Figure 2. Uplink beamforming with correlated transmit antennas
3
System Simulation Results 

The system simulation parameters are listed in Table 2.
Table 2:  System Simulation Parameters
	Parameter
	Configuration

	Simulation Scenario
	D3 [2] (1732m ISD)
19 Cell-Sites wrap-around layout

	Traffic Model
	Full Buffer

	#UEs/Cell
	10

	Max UE Tx Power
	24dBm

	Overhead (PUCCH, SRS, DM-RS)
	21%

	SRS Period
	Once every 2ms

	Scheduling Algorithm
	Proportional fair with sub-band scheduling (1 subband = 4RB)

	Channel Estimation Loss
	Modeled

	Channel Model
	SCM (Urban Macro) [1]

	Receiver
	MMSE

	Multi-Access Waveform
	DFT-Spread OFDM


From Fig. 3 and Table 3, we can see that uplink beamforming provides about 14% gain in the total cell throughput and about 30% gain in cell edge throughput relative to antenna selection transmit diverisity scheme.
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Figure 3. System performance of uplink beamforming (beamforming vectors are as in Table 1)
Table 3 summarizes the performance metrics of each transmission scheme.
Table 3:  System Performance Comparisons
	Scheme
	Cell Throughput

(Mbps)
	Edge Throughput

(Kbps)
	Average IoT

(dB)

	SIMO
	6.65
	33
	5.2

	Antenna Selection
	6.76
	31
	5.2

	Beamforming
N=4
	7.53
	39
	5.2

	Beamforming

N=8
	7.69
	42
	5.2


From the link performance analyses in previous section, one may expect that the antenna selection scheme should also provide similar gain as beamforming relative to SIMO transmission. However, when we carry out frequency selective scheduling across subbands in SIMO, the channel over the selected subband is already close to the highest among all subbands. Thus, an extra step of antenna selection provides only marginal gain in system performance.
4
Conclusions 

In this contribution, we have studied the performance of uplink beamforming and showed that uplink beamforming can provide meaningful gain relative to SIMO and transmit antenna selection in both link level and system level. 
Performance characterization for the challenging D3 scenario show:

· SIMO and antenna selection perform approximately the same

· UL beamforming  provides
· ~15% average throughput gain 

· ~30% cell edge UE throughput gain
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