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1 Introduction
In RAN#65, a new Rel-13 Work Item “Further LTE Physical Layer Enhancements for MTC” was approved [1]. The general objective of the WI is to specify a new UE for MTC operation in LTE that also allows for enhanced coverage compared to existing LTE networks and low power consumption. For PUSCH coverage enhancement, the following techniques (which shall be applicable for both FDD and TDD) can be considered to achieve the required coverage target:
· Subframe bundling techniques with HARQ for physical data channels 
· Uplink PSD boosting with smaller granularity than 1 PRB
· Increased reference symbol density and frequency hopping techniques
· Cross-subfrane channel estimation
· CDMA
· PUCCH structure
· Shorter CRC
In RAN1#78bis, reduced UE bandwidth of 1.4MHz for both downlink and uplink was agreed to be prioritized as the most important complexity reduction technique for Rel.13 MTC UEs [2].
In this contribution, we evaluate the performance of uplink frequency hopping for PUSCH when the MTC bandwidth is reduced to 1.4MHz.
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2 Performance of Uplink frequency hopping for LTE Rel-13 MTC
In RAN1#79, it was agreed to provide PUSCH link layer performance evaluation [6] for various PUSCH coverage enhancement techniques. Therefore, in this contribution, we evaluate the performance of three different options of UL frequency hopping for Rel-13 low complexity UE in coverage enhanced mode as follows: 
· Option A: Frequency hopping is only applied within 1.4MHz as shown in Fig.1.
· Option B: Frequency hopping is only applied within the system bandwidth as shown in Fig.2.
· Option C: Frequency hopping is applied both within 1.4MHz and within the system bandwidth as shown in Fig 3.
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Fig.1 Option A
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Fig.2 Option B
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Fig.3 Option C

Option A has less standardization impacts as it is already supported in the existing LTE specification. However the channel likely has flat fading for 1.4MHz for MTC UEs and the frequency diversity gain may be marginal for Option A. 
Option B can achieve frequency diversity gain due to frequency hopping over the system bandwidth. 
Option C can also obtain significant frequency diversity gain. However, as analysed in the Option A, the additional gain of frequency hopping within 1.4MHz may be marginal. 
-Retuning time
When frequency hopping within the system bandwidth is applied, the RF retuning time should be considered according to [4][5]. The retuning time is 150us~350us. About 5 OFDM symbols can’t be used to transmit the data when the retuning time is 350us as shown in Fig.4. There would be a trade-off between frequency hopping interval and RF retuning time.

[image: ]
Fig.4 PUSCH transmission considering retuning time

In the performance evaluation, we evaluated the above three different options to reduce the number of repetitions when MTC UE needs coverage enhancement mode. The number of repetitions to achieve 10% BLER has been used as a metric for the evaluation target. Detailed simulation assumptions are shown in the appendix.
The resulting SINR for baseline case (no additional coverage enhancement techniques) is 2.5dB.
According to the simulation results in Table 1, Option A (only hopping within 1.4 MHz) has marginal performance gain even when the hopping is applied for each subframe. For Option B (only hopping within the system bandwidth), if frequency hopping is applied for each subframe, the repetition times will be decreased if there is no retuning time. However, the number of repetition subframes increases resulting some performance loss when the retuning time is considered, e.g. 350us. If the frequency hopping period is increased e.g. 4 subframes, the repetition times will be decreased due to the trade-off between frequency diversity gain and retuning time. In addition, if cross-subframe channel estimation is applied the repetition times will be decreased further.

Table 1.Repetition times with frequency tracking error =100 Hz, EPA channel
	Hopping Schme
	Hopping interval(SF)
	Retuning time
	Cross-SF
 Ch. Est.
	Required Gain(dB)

	
	
	
	
	6
	12
	18

	No hopping
	-
	-
	1
	5
	31
	238

	Option A
	1
	-
	1
	5
	30
	230

	Option B
	1
	0us
	1
	4
	17
	146

	
	1
	350us
	1
	6
	36
	309

	
	4
	350us
	1
	5
	19
	166

	
	8
	350us
	1
	5
	23
	158

	
	4
	350us
	4
	5
	16
	121

	
	8
	350us
	8
	4
	15
	103



Then following observation could be made according to the simulation results,

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Observation 1: Frequency hopping within 1.4 MHz has marginal performance gain.
Observation 2: Frequency hopping within the system bandwidth has performance loss when retuning time is considered (e.g.350us) and frequency hopping is applied for each subframe.
Observation 3: Increasing the interval of frequency hopping within the system bandwidth has performance gain even if the retuning time is 350us, and cross-subframe channel estimation can obtain further performance gain.
So we propose,
Proposal 1: There is no need to support frequency hopping within 1.4 MHz.
Proposal 2: Increasing the interval of frequency hopping within the system bandwidth is necessary considering the trade-off among frequency diversity gain, accuracy of channel estimation and RF retuning time.
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3 Conclusion 
This contribution analyses the frequency hopping schemes to improve coverage for MTC PUSCH transmission and find,

Observation 1: Frequency hopping within 1.4 MHz has marginal performance gain.
Observation 2: Frequency hopping within the system bandwidth has performance loss when retuning time is considered (e.g.350us) and frequency hopping is applied for each subframe.
[bookmark: _GoBack]Observation 3: Increasing the interval of frequency hopping within the system bandwidth has performance gain even if the retuning time is 350us, and cross-subframe channel estimation can obtain further performance gain.
So we propose,
Proposal 1: There is no need to support frequency hopping within 1.4 MHz.
Proposal 2: Increasing the interval of frequency hopping within the system bandwidth is necessary considering the trade-off among frequency diversity gain, accuracy of channel estimation and RF retuning time.
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Appendix:  Simulation assumptions on PUSCH
	Parameter
	Value

	System bandwidth
	10MHz

	Frame structure
	FDD

	Carrier frequency
	2.0 GHz for FDD/ 2.6GHz for TDD

	Antenna configuration
	1x2, low correlation for FDD; 1x8, low correlation for TDD

	Channel model
	EPA

	Doppler shift
	1Hz 

	TBS
	72

	Number of UL RBs
	1 

	Transmission mode
	TM1

	Frequency tracking error
	100Hz

	Performance target
	10% iBLER

	Channel estimation
	Realistic channel estimation

	Output
	The amount of repetitions
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