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1 Introduction
In the LTE uplink transmission, all the resource blocks assigned to each UE in the same slot should be next to each other in order to reduce the peak to average power ratio. This puts some limitations on the diversity gain which can be obtained for UL. This is more severe for users with narrow allocated resource blocks. In this contribution, we study the performance of such UEs and the effect of diversity channel allocation.
2 System Description
In the LTE uplink transmission, each slot consists of seven OFDM symbols. The fourth OFDM symbol of each slot is the reference symbol and the other six symbols carry single-carrier data. Each subframe consists of two slots for the total duration of 1 msec. High pilot density in the frequency domain provides a highly accurate channel estimation in the frequency domain, while in the time direction, interpolation over two consecutive slots can improve channel estimation, if two consective RBs in a subframe are allocated to the same user. Allocating different resource blocks in the two slots to each UE (intra-subframe RB hopping) increases the frequency diversity of the system while degrading the quality of channel estimation especially for high speed UEs. 
3 Simulation Parameters

The following parameters are used to simulate the performance of these schemes, unless otherwise is specified.
· Channel bandwidth = 10 MHz

· Number of total sub-carriers = 601 (including DC)
· FFT size = 1024

· Sampling frequency = 15.36 MHz
· Carrier frequency: 2 GHz
· Channel model: uncorrelated TU 3, 120 and 350 km/h
· Cyclic Prefix: 72 samples
· Uplink channel assignment: all the tones in each slot except the fourth symbol. Only one RB is assigned to each user over 1 ms time duration.
· Continuous channel allocation: Each UE transmits its data over the same RB in the two slots of each subframe.

· Diversity channel allocation (intra-subframe hopping): Each UE transmits data over two different RBs (far from each other) over the two consecutive slots.
· RS: Reference symbols are allocated in the fourth OFDM symbol of each slot as shown in figure 1. Each row represents an OFDM symbol and each column represents a sub-carrier. In this Figure, R represents a pilot tone and D represents a data tone.
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Figure 1: Data and Pilot pattern for uplink transmission
· Channel estimation: Wiener based de-noising filter in the frequency domain. For continuous channel assignment, linear interpolation in the time domain follows.
· Symbol constellation: QPSK, 16-QAM 
· Each UE transmits with one transmit antenna and node-B detects data using two receive antennas.

· Channel coding: turbo code, R=1/2
4 Link Level Simulation Results
4.1 Comparison of different open loop schemes in low speed
Figures 2 and 3 show the link-level performance of the two channel assignments for QPSK and 16-QAM modulation schemes, respectively. Mobile speed is 3 km/h and channel model is typical urban. There are 144 total data tones assigned to each UE, which brings the total information bits (ignoring the effect of rate-matching and turbo code trellis termination) to 144 and 288 for the two modulation schemes.
Since the allocated resource block is only 180 KHz and mobile speed is very low, there is not enough frequency or time diversity in the system. As shown in both Figures 2 and 3, there is a higher diversity order in the frequency domain giving clear superiority to diversity channel allocation. As the speed is very low, the effect of channel estimation is negligible and diversity channel allocation holds its superiority over continuous channel allocation despite no channel interpolation over time direction. This superiority increases as the target BLER decreases and is about 2.7 and 3 dB at BLER of 0.01 for QPSK and 16QAM modulations, respectively.
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Figure 2: Error performance of diversity and continuous resource allocation, QPSK, 1/2, 3 km/h
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Figure 3: Error performance of diversity and continuous resource allocation, 16QAM, 1/2, 3 km/h
4.2 Comparison of different open loop schemes in moderate speed

Figures 4 and 5 show the performance of the same systems as in Figures 2 and 3 except that the mobile speed is 30 km/h. At the moderate speed of 30 km/h, the results for 3 km/h hold and diversity channel allocation gives around 3 dB gain over continuous channel allocation at the BLER of 0.01 for both QPSK and 16QAM modulations. Please not that the slope of the curves are different due to frequency diversity of the blue curves, while red curves only enjoy from receive diversity. 
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Figure 4: Error performance of diversity and continuous resource allocation, QPSK, 1/2, 30 km/h
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Figure 5: Performance of diversity and continuous resource allocation, 16QAM, 1/2, 30 km/h
4.3 Comparison of different open loop schemes in high speed

Figures 6 and 7 show the performance of the same systems as in Figures 2 and 3 except that the mobile speed is 120 km/h. With higher mobile speeds, channel estimation degrades for the diversity channel allocation but it is still good for 16QAM constellation. The error performance of diversity channel allocation is 1.8 and 1.1 dB better than continuous RB allocation when modulation scheme is QPSK. As for 16QAM modulation, channel estimation error degrades the performance of diversity channel allocation by about 2 dB and the superiority of diversity channel allocation vanishes.
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Figure 6: Performance of diversity and continuous resource allocation, QPSK, 1/2, 120 km/h
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Figure 7: Performance of diversity and continuous resource allocation, 16QAM, 1/2, 120 km/h
4.4 Comparison of different open loop schemes in very high speed

Figures 8 and 9 show the performance of the same systems as in Figures 3 and 4 except that the speed is 350 km/h. As shown in this figure, channel interpolation in the frequency direction is essential and diversity channel allocation fails to perform in this very high speed. As can be seen from these figures, lack of time domain interpolation makes diversity channel allocation fail. Having only two sets of pilots in the time domain also degrades continuous resource allocation by more than 2 dB for BLER target of 0.01 and QPSK modulation. For 16-QAM modulation, both systems fail. 
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Figure 8: Performance of diversity and continuous resource allocation, QPSK, 1/2, 350 km/h
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Figure 9: Performance of diversity and continuous resource allocation, 16QAM, 1/2, 350 km/h
5 Conclusion
In this contribution, we studied the performance gain of the intra subframe hopping based UL diversity transmission considering the channel estimation impact. For low and moderate speed values, the link-level gain of 2-3 dB is observed. However for mobile speed values greater than 120 km/h, due to temporal diversity of the system along with higher channel estimation loss, no RB hopping or inter-subframe based UL hopping should be applied, depending on the channel resource allocation scheme for the transmission of a data packet (size and the duration).
Intra-subframe based RB hopping should be considered, especially for low rate data transmission.
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