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1. Introduction
Frequency hopping is a well-known method to achieve a higher order of diversity in mobile communication systems.  It can be done when the UE has a limited frequency allocation that is changed on a time-varying basis, preferably in a fast fashion.  Frequency diversity is achieved when the channel is frequency selective, which is typically the case with very high bandwidth. However, in scenarios with frequency non-selective channels, frequency hopping does not achieve significant diversity gain. The same conclusion is valid when the entire bandwidth  is allocated to one UE since there are no unused portions of the bandwidth to hop on.  In these situations, an alternative way to achieve the diversity gain is to use multiple transmit antennas. With a practical constraint of only one power amplifier at the UE, antenna hopping is a way to achieve transmit diversity.

This paper evaluates and discusses an open-loop antenna hopping diversity scheme which is targeted for an LTE uplink where the UE has two transmit antennas but only one power amplifier. This scheme provides a higher order of diversity for both frequency selective and frequency non-selective uplink channels.
2. Antenna Hopping Diversity scheme

With the previously mentioned one power amplifier constraint, the simplest form of transmit diversity is to switch between two transmit antennas during the TTI in an open-loop manner. That is, the first antenna is utilized for the transmission during the first slot and the second antenna is utilized for the second slot. 
3. Performance

A preliminary performance investigation of dual antenna switching scheme is presented in this section.  Basic assumptions of the simulation setup are listed in Table I.  Two diversity receive antennas are assumed at the serving NodeB.  The performance of single-antenna transmission (receive diversity) is used as the baseline.  

Table 1.  Simulation assumptions
	Transmitter
	Localized  SC-FDMA transmission [1]

	Receiver
	MMSE, frequency-domain equalizer, and turbo decoder

	Frequency assignment
	75 subcarriers

	Number of transmit antennas
	2  (only 1 is active at any given time)

	Number of receive antennas
	2


	Decoding Algorithm
	Max-Log-MAP with 8 iterations

	Channel Estimation
	ML estimator

	Modulation
	QPSK with r=1/3 coding

16QAM with r=1/2 coding

	Channel Model
	3GPP Pedestrian B profile, spatially uncorrelated channels between any transmitter and receiver pairs


The block error rates (BLER) corresponding to 2x2 antenna hopping and 1x2 receive diversity are compared in Figure 1.  
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Figure 1.  BLER performance of  2x2 antenna hopping  (solid lines) and 1x2 receive diversity  (dotted lines).

We have also performed simulations with link adaptation to investigate the performance of antenna hopping.  In Figure 2 we display the data rate (per channel use) versus average SNR for antenna hopping (solid line) and receive diversity (dotted line). The link adaptation is such that the first transmission BLER is 10%.
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Figures 1 and 2 indicate that the gain of antenna hopping with two transmit antennas over receive diversity at 10% BLER is around 1 dB.  

4. Signaling Aspects

Antenna switching diversity scheme requires a specific TTI structure where data and pilots are transmitted during each slot. Furthermore, the base station may not be able to use the pilots in one slot for demodulation in another slot. Therefore, there may be a need for explicit signaling support in the standard for the use of antenna switching scheme.

5. Discussion and Conclusions

This paper presents a performance evaluation of an open-loop antenna switching diversity scheme which can be used in LTE uplink when the UE has two antennas for transmission but only one power amplifier.  It is shown, that the gain of antenna hopping for an 2x2 antenna setup over 1x2 receive diversity at 10% BLER is around 1 dB. 

It should be pointed out that for frequency selective uplink channels the performance of antenna hopping is expected to be similar to that of frequency hopping. Meanwhile, in scenarios with frequency non-selective uplink channels antenna hopping is expected to outperform frequency hopping. The importance of transmit diversity gains may be even more pronounced if the NodeB antennas experience correlated fading. 

It may be possible to perform some forms of antenna hopping without explicit standard support. However, it may be beneficial to ensure that NodeB knows when antenna hopping is active so that time-averaging of channel estimates may be done in a proper manner. There would thus be a need for explicit signaling support in the standard. Even if other transmit diversity schemes would be part of the LTE uplink, adequate support of antenna hopping is still motivated as a means of achieving transmit diversity for those UEs that only have one power amplifier. Our view is thus that antenna hopping should be part of LTE uplink.
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