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1. Introduction  
In order to achieve higher uplink spectral efficiency, spatial multiplexing was introduced in Rel-10, i.e. closed-loop spatial multiplexing. The open-loop spatial multiplexing scheme was discussed in Rel-10 [1][2], but there were no conclusions. In this contribution, we discussed some design considerations and presented our simulation result for open-loop spatial multiplexing.
2. Discussion
2.1. The necessity of open-loop spatial multiplexing
In Rel-10 UL-MIMO, transmission mode 2 was introduced, up to four layers of spatial multiplexing is standardized to achieve the ITU peak data rate requirement. However, transmission scheme and transmission mode were not fully optimized for medium and high speeds as only closed-loop spatial multiplexing operation was supported in Rel-10. The precoding matrix received from DCI matches the channel condition when the speed of the UE is low and hence the performance is good. However, the channel condition changes more quickly when the speed of the UE is high. For these UEs, using precoding matrix received from DCI degrades performance as the precoding matrix no longer matches the channel condition. Open-loop spatial multiplexing can be employed in this scenario to avoid the problems mentioned above.
We evaluate the performance of open-loop spatial multiplexing and closed-loop spatial multiplexing in the scenario of low and high speeds. The performance of open-loop spatial multiplexing and closed-loop spatial multiplexing transmission is shown in Annex-B. Simulation assumptions are provided in the Annex-A. The scheme of open-loop spatial multiplexing is that precoding matrices was cycled through SC-FDMA symbol, where precoding matrices are selected from the current rank-2 precoding matrices. The sequence of precoding matrices is known to the eNB.
From the simulation results, we can conclusion that: 
· In the scenario of low speed, closed-loop spatial multiplexing outperforms open-loop spatial multiplexing by almost 2dB when the throughput of open-loop spatial multiplexing and closed-loop spatial multiplexing is same.

· In the scenario of high speed, open-loop spatial multiplexing outperforms closed-loop spatial multiplexing more than 1dB when the throughput of open-loop spatial multiplexing and closed-loop spatial multiplexing is same. 
We see that closed loop spatial multiplexing performs significantly better than open-loop spatial multiplexing at low speed but open-loop spatial multiplexing clearly outperforms closed-loop precoding at high speed.
Proposal: The open-loop spatial multiplexing should be considered in Rel-11.  
2.2. Considerations of open-loop spatial multiplexing
The following should be considered when design open-loop spatial multiplexing:
· Possible open-loop spatial multiplexing schemes：
Precoding matrices cycling is the simplest scheme of open-loop spatial multiplexing. In order to achieve more transmit diversity, other schemes such as cyclic delay diversity and layer shifting could also be considered.
· Precoding matrices design：
The precoding matrices can be selected from the current precoding matrices. New percoding matrices can be designed for open-loop spatial multiplexing too. Minimum chordal distance is one of the design criterions. The other criterions such as mean chordal distance should also be considered. The size of precoding matrices depends on the throughput performance. The size and detail of precoding matrices need further study and evaluation.   
· New transmission mode for open-loop spatial multiplexing
There are two transmission modes in Rel-10: single antenna port and multiple antenna port. If open-loop spatial multiplexing is introduced in Rel-11, a new transmission mode could be considered.       
3. Conclusion
In this contribution, we discuss the necessity and considerations of open-loop spatial multiplexing and our proposal is:

Proposal: The open-loop spatial multiplexing should be considered in Rel-11.
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Annex A
Table (1) Simulation parameters
	Parameters
	Assumptions

	Carrier frequency
	2.0GHz

	System BW
	5MHz

	Scheduled BW
	4PRB

	UE Speed
	3 km/h 
120km/h

	CP configuration
	Normal CP

	Channel model
	TU 

	Number of Tx antennas
	4

	Number of Rx antennas
	4

	Receiver
	MMSE

	Channel estimation
	Ideal

	slot-level hopping
	OFF

	Number of Rank 
	2

	PMI adaption
	On

	MCS adaption
	On

	BLER for first transmission
	10%

	SRS period 
	5ms

	DM RS
	unprecoded
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