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1. Introduction 

In [1], requirement proposals were given for PUSCH frequency hopping cases. In this contribution, we give implementation margin results for the proposed cases.  For information purposes, we also include the corresponding non-hopping results.   
2. Simulation Assumptions

2.1.  MCS Setup

The TB size, number of code blocks and code block size are as specified in Table 1 below.  
	Reference channel
	A3-1
	A4-1
	A5-1

	Allocated resource blocks
	1
	1
	1

	DFT-OFDM Symbols per subframe
	12
	12
	12

	Modulation
	QPSK
	16QAM
	64QAM

	Code rate
	1/3
	3/4
	5/6

	Payload size (bits)
	104
	408
	712

	Transport block CRC (bits)
	24
	24
	24

	Code block CRC size (bits)
	0
	0
	0

	Number of code blocks - C
	1
	1
	1

	Coded block size including 12bits trellis termination (bits)
	396
	1308
	2220

	Total number of bits per sub-frame
	288
	576
	864

	Total symbols per sub-frame
	144
	144
	144


Table 1 Reference Channels
2.2. Other Assumptions

These assumptions are based on [1] and [2]. 
1. Short cyclic prefix with 14 LFDM symbols per sub-frame.
2. One UE Tx antenna and two eNB Rx antennas. No antenna imbalance considered.
3. Channel model: EVA5, ETU5, ETU70, ETU300
4. Frequency hopping vs. no frequency hopping
5. In the frequency hopping case, DCI Format 0, Type 1 hopping was followed: 

· Random frequency allocation for first transmission 
· Intra-subframe hopping with applying Type-1 hopping [2]. This results in approximately BW/2 frequency offset between the first and second slot

· No new grants for retransmissions, i.e. the frequency allocation periodically repeats every 8ms until the current Tx decodes, random initial grant thereafter for new transmission
6. 6% Tx EVM.
7. HARQ using incremental redundancy and a maximum of 4 transmissions.
8. 24 bit CRC
9. 12 bit for turbo code block termination

3. Simulation Results

Figures 1-5 show the throughputs versus Es/Nt per tone per antenna for 2 Rx antennas, QPSK, EVA5Hz channel, for 1.4MHz, 3MHz, 5MHz, 10MHz and 20MHz, respectively.  
Figures 6-10 show the throughputs versus Es/Nt per tone per antenna for 2 Rx antennas, QPSK, ETU70Hz channel, for 1.4MHz, 3MHz, 5MHz, 10MHz and 20MHz, respectively.  

Figures 11-15 show the throughputs versus Es/Nt per tone per antenna for 2 Rx antennas, QPSK, ETU300Hz channel, for 1.4MHz, 3MHz, 5MHz, 10MHz and 20MHz, respectively. 

Figures 16-20 show the throughputs versus Es/Nt per tone per antenna for 2 Rx antennas, 16QAM, EVA5Hz channel, for 1.4MHz, 3MHz, 5MHz, 10MHz and 20MHz, respectively

Figures 21-25 show the throughputs versus Es/Nt per tone per antenna for 2 Rx antennas, 64QAM, EVA5Hz channel, for 1.4MHz, 3MHz, 5MHz, 10MHz and 20MHz, respectively

In each figure, results with and without hopping are shown.    
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Figure 1: Link Throughput vs. Es/Nt (SNR per Tone, per Antenna): 1.4MHz, QPSK, FRC A3.1, 2Rx, EVA5
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Figure 2: Link Throughput vs. Es/Nt (SNR per Tone, per Antenna): 3MHz, QPSK, FRC A3.1, 2Rx, EVA5
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Figure 3: Link Throughput vs. Es/Nt (SNR per Tone, per Antenna): 5MHz, QPSK, FRC A3.1, 2Rx, EVA5
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Figure 4: Link Throughput vs. Es/Nt (SNR per Tone, per Antenna): 10MHz, QPSK, FRC A3.1, 2Rx, EVA5
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Figure 5: Link Throughput vs. Es/Nt (SNR per Tone, per Antenna): 20MHz, QPSK, FRC A3.1, 2Rx, EVA5
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Figure 6: Link Throughput vs. Es/Nt (SNR per Tone, per Antenna): 1.4MHz, QPSK, FRC A3.1, 2Rx, ETU70
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Figure 7: Link Throughput vs. Es/Nt (SNR per Tone, per Antenna): 3MHz, QPSK, FRC A3.1, 2Rx, ETU70
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Figure 8: Link Throughput vs. Es/Nt (SNR per Tone, per Antenna): 5MHz, QPSK, FRC A3.1, 2Rx, ETU70
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Figure 9: Link Throughput vs. Es/Nt (SNR per Tone, per Antenna): 10MHz, QPSK, FRC A3.1, 2Rx, ETU70
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Figure 10: Link Throughput vs. Es/Nt (SNR per Tone, per Antenna): 20MHz, QPSK, FRC A3.1, 2Rx, ETU70
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Figure 11: Link Throughput vs. Es/Nt (SNR per Tone, per Antenna): 1.4MHz, QPSK, FRC A3.1, 2Rx, ETU300
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Figure 12: Link Throughput vs. Es/Nt (SNR per Tone, per Antenna): 3MHz, QPSK, FRC A3.1, 2Rx, ETU300
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Figure 13: Link Throughput vs. Es/Nt (SNR per Tone, per Antenna): 5MHz, QPSK, FRC A3.1, 2Rx, ETU300
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Figure 14: Link Throughput vs. Es/Nt (SNR per Tone, per Antenna): 10MHz, QPSK, FRC A3.1, 2Rx, ETU300
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Figure 15: Link Throughput vs. Es/Nt (SNR per Tone, per Antenna): 20MHz, QPSK, FRC A3.1, 2Rx, ETU300
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Figure 16: Link Throughput vs. Es/Nt (SNR per Tone, per Antenna): 1.4MHz, 16QAM, FRC A4.1, 2Rx, EVA5
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Figure 17: Link Throughput vs. Es/Nt (SNR per Tone, per Antenna): 3MHz, 16QAM, FRC A4.1, 2Rx, EVA5
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Figure 18: Link Throughput vs. Es/Nt (SNR per Tone, per Antenna): 5MHz, 16QAM, FRC A4.1, 2Rx, EVA5
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Figure 19: Link Throughput vs. Es/Nt (SNR per Tone, per Antenna): 10MHz, 16QAM, FRC A4.1, 2Rx, EVA5
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Figure 20: Link Throughput vs. Es/Nt (SNR per Tone, per Antenna): 20MHz, 16QAM, FRC A4.1, 2Rx, EVA5
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Figure 21: Link Throughput vs. Es/Nt (SNR per Tone, per Antenna): 1.4MHz, 64QAM, FRC A5.1, 2Rx, EVA5
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Figure 22: Link Throughput vs. Es/Nt (SNR per Tone, per Antenna): 3MHz, 64QAM, FRC A5.1, 2Rx, EVA5
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Figure 23: Link Throughput vs. Es/Nt (SNR per Tone, per Antenna): 5MHz, 64QAM, FRC A5.1, 2Rx, EVA5
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Figure 24: Link Throughput vs. Es/Nt (SNR per Tone, per Antenna): 10MHz, 64QAM, FRC A5.1, 2Rx, EVA5
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Figure 25: Link Throughput vs. Es/Nt (SNR per Tone, per Antenna): 20MHz, 64QAM, FRC A5.1, 2Rx, EVA5

We note that in most cases, the results without frequency hopping are better than with frequency hopping. 
4. Requirements with Implementation Margin
The proposed requirements are listed in the Tables 1-6 below.  Note that the 15MHz results are not yet available. 
Table 1 Requirements for PUSCH, 1.4 MHz Channel Bandwidth

	Number of RX antennas
	Cyclic prefix
	Propagation conditions (Annex B)
	FRC
(Annex A)
	Fraction of  maximum throughput
	SNR  [dB]

	
	
	
	
	
	No Hopping
	Hopping

	2
	Normal
	EPA 5Hz
	A3-1
	30%
	-2.5
	-1.5

	
	
	
	
	70%
	1.9
	2.6

	2
	Normal
	ETU 70Hz
	A3-1
	30%
	-2.8
	-1.8

	
	
	
	
	70%
	2.2
	2.8

	2
	Normal
	ETU 300Hz
	A3-1
	30%
	-2.4
	-1.7

	
	
	
	
	70%
	2.8
	3

	2
	Normal
	EVA 5Hz
	A4-1
	30%
	4.2
	4.9

	
	
	
	
	70%
	11
	11.5

	2
	Normal
	EVA 5Hz
	A5-1
	70%
	19.2
	19.6


Table 2 Requirements for PUSCH, 3 MHz Channel Bandwidth
	Number of RX antennas
	Cyclic prefix
	Propagation conditions (Annex B)
	FRC
(Annex A)
	Fraction of  maximum throughput
	SNR  [dB]

	
	
	
	
	
	No Hopping
	Hopping

	2
	Normal
	EPA 5Hz
	A3-1
	30%
	-2.9
	-1.8

	
	
	
	
	70%
	1.5
	2.3

	2
	Normal
	ETU 70Hz
	A3-1
	30%
	-3
	-1.9

	
	
	
	
	70%
	2
	2.6

	2
	Normal
	ETU 300Hz
	A3-1
	30%
	-2.4
	-1.8

	
	
	
	
	70%
	2.8
	2.9

	2
	Normal
	EVA 5Hz
	A4-1
	30%
	3.8
	4.4

	
	
	
	
	70%
	10.5
	11.4

	2
	Normal
	EVA 5Hz
	A5-1
	70%
	18.8
	19.8


Table 3 Requirements for PUSCH, 5 MHz Channel Bandwidth 
	Number of RX antennas
	Cyclic prefix
	Propagation conditions (Annex B)
	FRC
(Annex A)
	Fraction of  maximum throughput
	SNR  [dB]

	
	
	
	
	
	No Hopping
	Hopping

	2
	Normal
	EPA 5Hz
	A3-1
	30%
	-2.6
	-1.6

	
	
	
	
	70%
	2
	2.3

	2
	Normal
	ETU 70Hz
	A3-1
	30%
	-2.9
	-1.8

	
	
	
	
	70%
	2.1
	2.6

	2
	Normal
	ETU 300Hz
	A3-1
	30%
	-2.4
	-1.8

	
	
	
	
	70%
	2.8
	2.8

	2
	Normal
	EVA 5Hz
	A4-1
	30%
	4.3
	4.5

	
	
	
	
	70%
	10.9
	11.7

	2
	Normal
	EVA 5Hz
	A5-1
	70%
	18.9
	20.1


Table 4  Requirements for PUSCH, 10 MHz Channel Bandwidth 
	Number of RX antennas
	Cyclic prefix
	Propagation conditions (Annex B)
	FRC
(Annex A)
	Fraction of  maximum throughput
	SNR  [dB]

	
	
	
	
	
	No Hopping
	Hopping

	2
	Normal
	EPA 5Hz
	A3-1
	30%
	-3.4
	-1.9

	
	
	
	
	70%
	1.1
	2.2

	2
	Normal
	ETU 70Hz
	A3-1
	30%
	-2.9
	-1.9

	
	
	
	
	70%
	2.2
	2.5

	2
	Normal
	ETU 300Hz
	A3-1
	30%
	-2.4
	-1.8

	
	
	
	
	70%
	2.8
	2.8

	2
	Normal
	EVA 5Hz
	A4-1
	30%
	3.2
	4.3

	
	
	
	
	70%
	10
	11.3

	2
	Normal
	EVA 5Hz
	A5-1
	70%
	18.3
	19.7


Table 5 Requirements for PUSCH, 15 MHz Channel Bandwidth 
	Number of RX antennas
	Cyclic prefix
	Propagation conditions (Annex B)
	FRC
(Annex A)
	Fraction of  maximum throughput
	SNR  [dB]

	
	
	
	
	
	No Hopping
	Hopping

	2
	Normal
	EPA 5Hz
	A3-1
	30%
	N/A
	N/A

	
	
	
	
	70%
	N/A
	N/A

	2
	Normal
	ETU 70Hz
	A3-1
	30%
	N/A
	N/A

	
	
	
	
	70%
	N/A
	N/A

	2
	Normal
	ETU 300Hz
	A3-1
	30%
	N/A
	N/A

	
	
	
	
	70%
	N/A
	N/A

	2
	Normal
	EVA 5Hz
	A4-1
	30%
	N/A
	N/A

	
	
	
	
	70%
	N/A
	N/A

	2
	Normal
	EVA 5Hz
	A5-1
	70%
	N/A
	N/A


Table 6  Requirements for PUSCH, 20 MHz Channel Bandwidth 
	Number of RX antennas
	Cyclic prefix
	Propagation conditions (Annex B)
	FRC
(Annex A)
	Fraction of  maximum throughput
	SNR  [dB]

	
	
	
	
	
	No Hopping
	Hopping

	2
	Normal
	EPA 5Hz
	A3-1
	30%
	-3
	-2

	
	
	
	
	70%
	1.5
	1.9

	2
	Normal
	ETU 70Hz
	A3-1
	30%
	-2.9
	-1.9

	
	
	
	
	70%
	2
	2.6

	2
	Normal
	ETU 300Hz
	A3-1
	30%
	-2.5
	-1.8

	
	
	
	
	70%
	2.8
	2.8

	2
	Normal
	EVA 5Hz
	A4-1
	30%
	3.9
	4.1

	
	
	
	
	70%
	10.3
	11.2

	2
	Normal
	EVA 5Hz
	A5-1
	70%
	18.6
	19.7


5. Conclusion
In this document, we have presented link performance results for LTE eNB demodulation with and without frequency hopping. We found that in general the frequency hopping results give worse performance compared to non-hopping.  
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