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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 last RAN meeting. It is generally claimed 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transmission scheme would be needed with SU-MIMO in the case when instantaneous channel state is either unavailable or out-of-date.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 that single-antenna transmission could be applied instead of open loop TX diversity. It can be claimed 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).  It is shown in [2], that 2-TX diversity have even negative impact on cell edge user throughput compared to single antenna transmission.  Furthermore, it is shown in [2] and [3] that among considered  2TX methods, only slow closed loop operation exploiting spatial covariance matrix  (in the case when instantaneous channel state is not available) provides higher cell edge user throughput than single antenna  UE.. 

This contribution discusses performance and power consumption between single- and multi-antenna TxD methods. 
2. 
Power consumption 
The different UE PA architectures have been extensively discussed in the context of rank-3 codebook design. Based on the views expressed in both RAN1 and RAN4 it is clear that multiple PA architectures can meet the requirements and will be used as a baseline. Furthermore, it has been agreed that any multi-TX UE can be configured into 1 TX antenna port mode, hence providing at least the same performance as LTE Rel-8. From the power consumption point of view it may well be the most attractive alternative to have one 24 dBm PA in the UE, providing an optimized UE operation mode from the battery life point of view. This also makes it more unclear what would be the benefits and the use cases of a separate TX diversity mode. 
3.
Performance Comparison with 2 and 4 Tx
In this chapter the performance of open loop antenna Tx diversity and non-selective precoding were compared to single antenna transmission in ITU NLOS urban macro-cell channel.  Spatially separated and cross-polarized TX-Rx antenna elements were considered. 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 [3].  The PUCCH channel is located at the edges of frequency band and it is assumed to be available every 10 ms.  The SNR of -8 dB is for PUCCH. The TTI based frequency hopping over system bandwidth 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 STBC-II [5]  combined with short delay CDD is used as the 4 TX diversity scheme.  This is because [3] shows that fourth order spatial diversity performs worse than 2nd order spatial diversity because of the increased channel estimation error.  In order to subtract potential negative spatial correlation mentioned in [6], the space time coding is made in spatial domain and CCD is made in polarization domain. In the case of STBC/CDD, 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 

	TX-RX antenna configuration
	(a) 4x4, (b)2x2

	Antenna separation 
	(a) two cross-polarized antenna elements, elements separation  0.5 lambda in UE

and 4 lambda in BS, (b)  spatially separated antennas 

	Velocity
	120 km/h

	System Bandwidth
	10 MHz (50 PRBs)

	User bandwidth
	4 PRBs

	Channel estimation
	Practical

	Frequency Hopping
	At TTI boundary over system bandwidth

	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 Figure 1 and Figure 2,. Slow precoding is referred to as SP and space time block coding to as STBC. 
TxD does not bring any gain over single antenna transmission in the SNR range expected for cell edge conditions.  Instead, among multiple TX method, only slow closed loop brings benefits over single antenna transmission in the terms of cell edge bit rate.   
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Figure 1 Envelope of throughput curves for 4x4 
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Figure 2 Envelope of throughput curves for 2x2

4. Conclusion 
In this contribution we have discussed on the necessity of transmission diversity in LTE-Advanced uplink. We have shown that 2/4 TX UE with transmission diversity does not bring any gain over single antenna transmission in the SNR range expected for cell edge conditions.  Instead, it is shown that among multi-antenna methods, only slow closed loop (even without SRS configuration) brings benefits over single antenna transmission in the terms of cell edge bit-rate.   
Also it is discussed that transmission by using multiple PAs increase power consumption compared to single PA.
Based on the presented results and discussion, it is concluded that transmission diversity is not needed for LTE-Advanced uplink.  
References 

[1] TR 36.913,  Requirements for Further Advancements for E-UTRA (LTE-Advanced)”
[2] R1-093915, Tx Diversity for LTE-Advanced PUSCH, 
Nokia Siemens Networks, Nokia
[3] R1-093914, On the performance of slow closed loop precoding for LTE Advanced UL, 
Nokia Siemens Networks, 
[4] R1-094183, Performance evaluation of PUSCH 4Tx transmit diversity schemes in LTE-A, LG 
[5] R1-082500, STBC-II Scheme for Uplink Transmit Diversity in LTE-Advanced, Alcatel Shanghai Bell, Alcatel-Lucent
[6] R1-094096, UL PUSCH 4Tx Transmit Diversity Schemes in LTE-A, 
Samsung








































































































































































