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1
Introduction

In this contribution, we discuss the benefits of an open loop UL transmission scheme in Rel-11.
2
Discussion

2.1
UL transmission modes
In LTE Rel-10, only single antenna and closed loop MIMO transmission modes are defined for the UL. Neither transmit diversity, nor open loop beamforming / spatial multiplexing was defined for the PUSCH. 
We propose an open loop UL transmission scheme, where the precoders are cycled through across SC-FDM symbols, i.e. a different precoder is used in the every SC-FDM symbol. The precoder set is as defined in Rel-10. 
The benefits of such a scheme are as follows: 

· Can support UEs that do not maintain a stable phase across Tx antennas

· Improved link efficiency in high Doppler cases

· Similar to DL, initial UL MIMO deployments could rely more on OL modes

Note that the LTE DL coverage relies on the availability of transmit diversity. On the UL, no equivalent multi-antenna transmission scheme is supported for data.  With introducing an open loop Rank-1 scheme, a better balance between DL and UL link capabilities can be maintained.

A drawback of the proposed scheme is that for OL Rank-1 transmission, two orthogonal DM-RS needs to be transmitted. 
2.2
Simulation results for the open-loop MIMO transmission
Link simulations were performed with the proposed open loop transmission scheme.  The simulations assumed 4x4 antenna configuration.  

In the open loop transmission scheme rank-3 precoding was used and four unprecoded DM-RS signals were used. The precoder used for transmission was cycled through the rank-3 precoding matrices. The sequence of precoding matrices is known to the eNB. 

The detailed simulation assumptions are given in Table 3 below. 

	Parameter
	Value

	Carrier frequency
	2.0 GHz

	System bandwidth
	5 MHz

	Data transmission BW
	4 RBs

	Slot format
	Normal CP

	Channel model
	Typical Urban

	Speed
	3kmph, 60kmph

	Antenna configuration
	4x4

	Transmission rank
	3

	Antenna correlation
	0.0

	Receiver
	Linear MMSE

	Channel estimation
	Realistic channel estimation

	Configured SRS period
	5ms

	Precoding codebook
	Rank 3 codebook in TR 36.814

	Simulated transmission schemes
	1.   Closed-loop spatial multiplexing

Precoding matrix in each subframe is selected by the eNB scheduler according to the sounded UL channel via the periodic broadband SRS
2.   Open loop spatial multiplexing 

Precoding matrix for each data SC-FDM symbol is cycled through the set of precoding matrices and the sequence of the selected precoding matrices is assumed known to the eNB receiver


Table 3  Simulation assumptions

The simulation results for 60 kmph and 3 kmph velocities are given in Figure 1 and 2 respectively.
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Figure 1  Comparison of open-loop and closed-loop transmission schemes at 60kmph
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Figure 2  Comparison of open-loop and closed-loop transmission schemes at 3kmph
As it can be seen from Figure 1, the open-loop rank-3 transmission scheme outperforms the closed-loop scheme at high velocity by about 0.7dB.   
3
Conclusions

This contribution discusses details of a proposed open loop UL transmission mode to enhance Rel-11 UL MIMO operation. The benefits of the open loop transmission mode are as follows:

· Can support UEs that do not maintain a stable phase across Tx antennas

· Improved link efficiency in high Doppler cases

· Similar to DL, initial UL MIMO deployments could rely on the open loop mode
The LTE DL coverage relies on the availability of transmit diversity. On the UL, no equivalent multi-antenna transmission scheme is supported for data.  With introducing an open loop Rank-1 scheme, a better balance between DL and UL link capabilities can be maintained. 
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