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1. Introduction
LTE-Advanced is required to provide considerable improvements over Release 8 LTE in cell edge user throughput as well as in average spectral efficiency [1]. Single user uplink MIMO is seen as one of the key techniques to meet the versatile requirements. One of the open issues regarding to uplink SU-MIMO is Tx diversity. The need for Tx diversity transmission in LTE-Advanced uplink has been discussed in several contributions. It is generally claimed in [3] and [4] that open loop transmission scheme would be needed with SU-MIMO in the case when instantaneous channel state is either unavailable or out-of-date. As an alternative, it is proposed in [5] that single-antenna transmission could be applied instead of open loop Tx diversity. It also claims that power budget is not a problem in this scheme since a 24 dBm power amplifier (PA) is needed in any case due to the requirement for backwards compatibility (SU-MIMO terminal should be able to operate in Rel’8 network not supporting Tx diversity.  Furthermore, it is shown in [2]  that slow closed loop exploiting spatial covariance matrix outperforms all of considered open loop schemes including STBC, FSTD and CDD.  
This contribution analyses the feasibility of long-term precoding in the cases when SRS is either not configured or out-to-date due high mobility. Also the performance comparison between Tx diversity, slow closed loop precoding and single antenna transmission is shown.

2. Long term precoding

Exploitation of long term spatial radio channel characteristics is well known in the literature. One such (classical) example is DoA (direction of arrival) based beamforming in FDD system:

· eNB measures the DoA from the uplink signal 

· eNB forms the downlink beam towards the measured DoA

· eNB tracks the DoA from the available uplink signal and adjusts the downlink transmit beam accordingly

· Changes in DoA are very slow w.r.t. changes due to fast fading.

The advantage of the covariance feedback is the need for only slow feedback channel as the covariance matrix changes slowly compared to fast fading. The covariance information is easier to estimate for the receiver than the full channel information and also better estimate can be obtained due to longer estimation intervals. The estimation can be made from all available non-precoded uplink signals. Additionally than SRS, PUCCH or DMRS (when non-precoded) can be used as well. Thus, it is note necessary to configure SRS for slow CL precoding.  Actually, the switching between fast and slow closed loop precoding could be an eNodeB implementation issue. The precoding mode can be changed by changing estimation window in Node B. 
3.
Performance Comparison

Performance of open loop Tx diversity and non-selective precoding was compared to the one of open loop transmit diversity in ITU NLOS urban macro-cell channel [4]. Both spatially separated and cross-polarized Tx-Rx antenna configurations were considered as well UE speeds of 3 and 120 km/h. Simulation parameters are tabulated in Table 1. 

In the case of closed loop single-stream precoding, precoding vectors were selected based on noisy channel information obtained from PUCCH channel.  The PUCCH channel is located in the edges of frequency band and it assumed to be available every 10 ms.  The SNR of -8 dB is for PUCCH.  The TTI based frequency over system badwith is used for PUSCH.  The DM RS were precoded with the same precoding vector as data, thus, providing precoding gain for channel estimation. Precoding vectors according to [4] are used. 
The single antenna transmission and  STBC-II  according to [5] is considered as reference. In the case of STBC, last SC-FDMA symbol was not punctured, i.e., terminal was assumed to be scheduled on resources without SRS transmissions. Thus, with the assumption of normal CP, there was an even number of SC-FDMA symbols for STBC.   

Table 1 Simulation parameters

	Description
	Settings

	Channel
	ITU Urban Macro (3 km/h)

	Tx-Rx antenna configuration
	1x2,2x2

	Antenna separation 
	(a) 0.5 lambda in UE and 4 lambda in BS,  (b) cross-polarized  antennas

	Velocity
	3 and 120 km/h

	System Badwith
	10 Mhz (50 PRB’s)

	User bandwidth
	4 PRB’s

	Channel estimation
	Practical

	Frequency Hopping
	At TTI boundary over system badwith

	Modulation
	QPSK

	Carrier frequency
	2.6 GHz

	Sounding signal periodic
	10 ms

	HARQ transmission
	max 4 transmissions

	MCS
	QPSK:1/6,1/4,1/3,1/2,2/3,3/4,5/6 16QAM:1/2,2/2,3/4,5/6

	Cyclic Prefix
	Normal CP

	Sounding signal
	PUCCH (assuming 10ms periodicity) and SNR -8 dB


Envelopes of throughput curves for the simulated set of MCS are shown in Figures 1 and 2 for spatially separated antennas and cross-polarized antenna configurations, respectively. Slow precoding is referred to as SP and space time block coding to as STBC. 
In the case of spatially separated antennas, closed loop slow precoding provides around 1 dB improvement over STBC on the SNR range expected for cell edge user. Improvement on the throughput is in the order of 30%. In the case of cross-polarized antenna configuration, the performance is slightly better on the low SNR range but slightly worse in high SNR range 
Based on the presented results, slow precoding provides gain over open loop transmit diversity on the cell edge performance. Thus, slow precoding should be supported in LTE-Advanced uplink and it could be used also when arrangement for efficient channel sounding and feedback signaling is feasible. 

Finally, it should be noted that covariace matrix needed for slow precoding could be estimated also from averaged SRS or DMRS signal in the case when those are not procoded.
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Figure 1 Envelope of throughput curves for spatially separated antennas
[image: image2.emf]Urban Macro 120 km/h X-poarized antennas 
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Figure 2 Envelope of throughput curves for cross-polarized antennas
4. Conclusion
In this contribution we have discussed on the feasibility of long term precoding in LTE-Advanced uplink. We have simulated that long term precoding, even without SRS configuration, outperforms STBC and single antenna transmissions in the SNR range expected for cell edge conditions and provide significant performance improvements with spatially separated antennas.  
Based on the presented results and discussion, it is concluded that 
· Transmission diversity is not needed for LTE-Advanced uplink  
· The switching between long and short term precoding mode is an Node B implementation issue
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