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Introduction
In this paper we investigate the impact of in-band PUSCH interference on UEs in enhanced coverage mode. The impact of in-band interference is emphasized when the resource block allocation size is small (e.g. 1 PRB), and when the interfering signal is received at higher power spectral density (PSD) (e.g. 18 dB) both of which occur when a UE is in enhanced coverage mode. 
PUSCH Near-Far Problem Background
Although in theory adjacent PRBs in SC-FDMA are orthogonal, due to transmitter imperfections such as frequency offset, timing, and I/Q imbalances, PUSCH transmissions in practice are not 100% orthogonal to adjacent UEs. For this reason, an LTE system tries to have the similar receive power level for all UEs at the eNB. Unfortunately this is not possible if the UE is in enhanced coverage. In this case, an up to 18dB difference in power can occur (see figure 1).  This has been previously studied in [1],[2],[3], and [4] for UEs not in Enhanced Coverage mode. 
<-PRB->
Interferer
UEs in
Normal
Coverage
Signal of UE in Enhanced Coverage mode
18 dB
Interferer
UEs in
Normal
Coverage

Figure 1: Near-Far Diagram

PUSCH Near-Far Performance
Link layer simulations were conducted to determine the degradation due to adjacent UEs causing in-band interference. The performance degradation was measured in terms of the number of additional repeats needed to achieve a 10% BLER.  Some of the major simulation parameters used are:
· SNR = -15.5dB (corresponding to 18 dB coverage)
· Interferers: 
· 5 PRB wide with random data
· 200Hz offset (toward target UE)
· Target UE 
·  MCS5
· 1 PRB allocation
· Channel EPA 1Hz
The detailed simulation parameters and assumptions are given in appendix I.
Given the PUSCH performance degradation is dependent on the interferer’s channel model, several interferer channel models were simulated. Results are shown in the table below:
	 
	Required 
Repeats for 10% BLER
	% loss 

	Baseline (no Interference)
	112
	NA

	With ETU1 Interferers
	116
	4%

	With ETU5 Interferers
	118
	5%

	With ETU10 Interferers
	120
	7%

	With ETU30 Interferers
	128
	14%

	With EPA30 Interferers
	128
	14%

	With ETU70 Interferers
	136
	21%



Observation: The PUSCH performance loss due to in-band interference is fairly modest and is expected to be in the range of 4-21% when an eNB schedules UEs not in enhanced coverage mode in adjacent PRBs to a UE in enhanced coverage mode.
Observation: The PUSCH performance loss is greatest when the UEs in adjacent PRBs are in highly dynamic channels.
Recommendation: When possible, the eNB should avoid scheduling highly mobile UEs not in CE mode in adjacent PRBs to UEs in enhanced coverage mode. 
Note: the possible negative effects of caused by the dynamic range of the A/D converters in the eNB was not modelled and could be an additional source of degradation.
Conclusions
In this document we reported the following observation and proposal:
Observation: The PUSCH performance loss due to in-band interference is fairly modest and is expected to be in the range of 4-21% when an eNB schedules UEs not in enhanced coverage mode in adjacent PRBs to a UE in enhanced coverage mode.
Observation: The PUSCH performance loss is greatest when the UEs in adjacent PRBs are in highly dynamic channels.
Recommendation: When possible, the eNB should avoid scheduling highly mobile UEs not in CE mode in adjacent PRBs to UEs in enhanced coverage mode. 
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Appendix I – Simulation Parameters and Assumptions
System bandwidth:		10 MHz
Frame structure:			FDD
Carrier frequency	:		2.0 GHz
Antenna configuration		2x1

Interferers:
Redundancy versions (RV)	RV0
Transmission Mode		TM2
Frequency error			200 Hz Freq error (towards target UEs PRB)
Power				18 dB higher power than target UEs Signal
Timing Error			+10%
I/Q Distortion			 0.01+0.005j
Number of PRBs			5 (with random data) 
MCS				MSC5 (72 bits) 

Target Signal:
Performance target/ Requirement	10% BLER 
Channel estimation		7SF
Residual Frequency Error		25 Hz
Channel Model 			EPA 1 Hz
Number of PRBs			1 
MCS				MSC5 (72 bits)



