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1 Introduction
The UE CQI report accuracy when reflecting the real interference is of essential important to the throughput performance and spectrum efficiency. In this contribution, a specific interference scenario is investigated and the different performances of CQI reporting for two typical UEs are observed. Consequently, the CQI measurement enhancement is proposed to relieve the impact of interference to LTE system in the scenario identified.
2 Discussion
2.1 In-Band Narrowband Interference 
2.1.1 Interference caused by legacy transmission

Some communication and/or broadcast systems which were deployed much earlier than then modem cellular has already brought interference on LTE deployment. Such interference includes FM radio broadcast harmonics, inter-modulation from Public Safety transmitter, spilling over from TV broadcasts and even emissions from non-wireless sources such as PSTN switches and industrial equipment. A key issue with such interference, due to the fact it is generated by systems that were deployed long before interference was discovered, is the responsibility and budget for finding a solution for this challenge.

2.1.2 On-going Interference Threats

On-going interference includes that is generated in licensed cellular frequencies due to miss-use, bad installation or even use of forbidden equipment.

 Cases of such interference include Interference due to spectrum re-farming. The major interference issue resulting from re-farming processes is that across the border of an area where the re-farming takes place, there may be a different or legacy spectrum regulatory regime causing interference. Examples for such interference cases are interference from 2G (GSM) signals to 3G (WCDMA) and/or 4G (LTE) signals.

Other re-farming related interference cases include shifting of TV spectrum to 3G and 4G bands (Digital Dividend) or reallocating military spectrum to civilian usage without harmonization in neighbouring countries. These interference threats are further amplified by Tropospheric Ducts which are able to carry strong signals over distances of hundreds of kilometres.
Other on-going threats include Passive Inter-modulation (PIM), Cable TV (CATV) amplifiers and un-authorized communication equipment such as jammers. 
2.2 Discrepancy of UE performance in the interference scenario
An interference scenario with GSM interference is constructed to research any possible impact caused by narrowband interference on LTE system. It can also be any kind of narrowband interference mentioned in 2.1 and anywhere in the LTE working band. It’s one of the possible scenarios.
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Figure 1

The signal levels and frequencies of the GSM interference are listed in table 1 to imitate the real GSM cell where the broadcasting channel is always transmitting with full power and on the other service channels the transmitting power is related to the number of users sharing the channel. The path loss has been taken into account.
Table 1 GSM interference level
	ARFCN over
DCS1800 band
	dB[mW/15kHz]

	611
	672
	-106 

	612
	671
	-106 

	613
	670
	-106 

	614
	669
	-99 

	615
	668
	-97 

	616
	667
	-79 


Two kinds of LTE terminals are tested in scenarios with and without GSM interference and the RBs in sub-band #2 to sub-band #7 are scheduled for downlink transmission as in figure 1. The performance on throughput is listed in table 2.
Table 2 UE Throughput for different scenarios

	Scenarios
	UE
	Downlink THP (Mbps)
	loss of THP

	
	
	
	

	without GSM interference
	A
	51.3
	baseline

	
	B
	55.1
	baseline

	with GSM interference
	A
	20.1
	-60.82%

	
	B
	53.5
	-2.90%


 It’s puzzling that UE A and B have quite discrepant performance. The UE A has up to 67% loss of throughput while the UE B only has slight loss when the interference appears.
2.3 CQI reporting 
To identify the big discrepancy on loss of throughput for UE A and B, the CQI reports are snapped in with and without GSM interference scenarios. The full size of Sub-band size is 8.
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Figure 2 Sub-band CQI
As showed in figure 2, when there are no GSM interferences, the values of CQI on every sub-band are stable for each UE. 
When the interferences from GSM as showed in figure 1 focus on sub-band#1, and #8, the corresponding degradation of CQI happens in these sub-bands for both UE A and B. However, for UE A, only 30% of the sub-bands are reported with a differential CQI offset level of +2 in the channel centre while it’s up to 60% for UE B.
The CQI reported affects a lot on the selected modulation and coding scheme. Obviously, for UE A the CQI reporting is not so accuracy to help the network to make a good choice on MCS and it’s supposed to result in the remarkable loss on downlink throughput mentioned in section 2.2. Furthermore, the unforeseeable in-band interference decreases the reliability of demodulation which can also impact a lot.  
2.4 Proposal
The accuracy of sub-band CQI reporting is important for the network scheduling. In TS 36.101, it’s required to test the accuracy of sub-band channel CQI reporting under frequency selective interference conditions where the test case is showed in figure 3. The requirement is that the CQI reported of channel edge (like sub-bands in RBG#0) should be higher than in the other sub-bands in certain percentage.
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Figure 3
Considering the different UE performance of CQI reporting in section 2.3, a test case abstracted from figure 2 should also be introduced to guarantee the accuracy of CQI. The new test case can be designed as in figure 4 where the interference with high level appears in the channel edge. The prediction of the CQI reporting for the sub-bands with low level should be higher than the ones with high level interference in certain percentage.
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Proposal:  to introduce requirement on a new test case with higher interference on the channel edges to guarantee the CQI accuracy under frequency selective interference conditions.

3 Conclusions

In this paper, the different UE performances of CQI reporting are showed when the interference happened in-band. It will result in remarkable loss of throughput. Considering the increasing penetration of LTE terminal, such a drawback should be avoided as soon as possible. One possible solution is to introduce requirement on such a new test case with higher interference on the channel edges to guarantee the CQI accuracy under frequency selective interference conditions.
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