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Discussion/Decision
1. Introduction
In RAN1 #80 meeting, it is agreed that “Further investigations on the CQI mismatch issue will be performed to know which is going to be the upper bound based on the methodology presented in [1]by considering a layout of three cells[2].”
This paper shows the upper bound performance based on the agreement. 
2. Evaluation methodology
To obtain upper bound performance related to CQI mismatch issue, the methodology in [1] is used to produce link simulation results. Link level simulation assumptions and UE locations can be found in [2]. More details about the methodology are given in the Appendix.
Some additional information related to the simulation is listed below:
· Two interferer cells are modelled. 
· For Type 3i UE, two interferer cells are considered. 
· For pre-decoding IC UE, two interferer cells are considered, however only the signal from the main interferer cell is reconstructed and then subtracted from the received signal. The main interferer cell is the strongest interferer cell.
· Interferer structures will be different for different receiver. 
· For Type 3i UE, the power of the interference signal will impact the receiver performance, so the two interferer structures are signal without HS-PDSCH transmission and signal with full power HS-PDSCH transmission, which means that the interference is 20% and 100% of the interferer cell’s power, respectively. The occurrence probability of each interferer structure is 50%, and there is no correlation between TTIs. This interferer structure can be found when bursty traffic occurs. The Type 3i receiver is aware of the power level of the interferer as in [3].
· For pre-decoding IC UE, several factors of interference signal structure will impact the IC efficiency, such as HS-PDSCH power, modulation type and number of codes. In our simulations, the interfering cell transmits signals with different interferer structures as listed in Table 1. There is no correlation between TTIs. The pre-decoding IC receiver is aware of the modulation type and number of codes of interferer.
Table 1: Modulation, number of codes and probability of different interference structures
	# of codes
	Modulation
	Probability

	1
	QPSK
	0.05

	5
	QPSK
	0.20

	10
	QPSK
	0.05

	15
	QPSK
	0.15

	4
	16QAM
	0.20

	8
	16QAM
	0.05

	15
	16QAM
	0.20

	3
	64QAM
	0.05

	15
	64QAM
	0.05


· For the CQI feedback it is assumed a delay of 4 TTIs. This assumption holds for both cases: with and without CQI mismatch. If the upper bound (without CQI mismatch) is evaluated for the ideal case of no delay for CQI feedback, clearly the performance gap between with and without CQI mismatch is larger. 
3. Simulation Results
3.1 Upper bound performance of Type 3i UE
In this section, we look at the gains when the CQI mismatch is removed. It is considered the average throughput of the UE served by the LPN for the HetNet case, and the UE served by Cell2 for the HomoNet case. The UE receiver is Type 3i. The gain for the Type 3i receiver without CQI mismatch over the Type 3i receiver with CQI mismatch is significant, especially in the HetNet scenario, as shown by the results in Table 2 and 3. 
Table 2: Gains from removing the CQI mismatch in HetNet scenario for Type 3i UE (PA3)
	Type 3i, HetNet 

	UE Location
	Gain

	L1
	27.17%

	L2
	18.41%

	L3
	12.62%

	L4
	10.21%

	L5
	9.04%

	L6
	3.07%


Table 3: Gains from removing the CQI mismatch in HomoNet scenario for Type 3i UE (PA3)
	Type 3i, HomoNet 

	UE Location
	Gain

	L1
	6.11%

	L2
	10.06%

	L3
	12.88%

	L4
	17.47%

	L5
	5.63%

	L6
	7.96%

	L7
	11.06%

	L8
	14.78%


From Table 2 and Table 3, for Type 3i receiver, over 10% gain from CQI mismatch issue can be observed when the interference_cell_Ior/serving_cell_Ior is large.
The ratio of the interferer_cell_Ior and the serving_cell_Ior is larger in L2 than in L4 in HetNet scenario, and the gain from CQI mismatch is also bigger in L2 than in L4. For Type 3i receiver, power of interference signal impacts the receiver performance. When the interferer_cell_Ior/serving_cell_Ior increases, the power difference between the interference signal with full HS-PDSCH power and that without HS-PDSCH power becomes larger, hence the CQI difference at the serving cell between these two scenarios will increase, which means the CQI mismatch issue becomes more severe. Thus the gain due to CQI mismatch becomes large. 
Similar observations can be found in HomoNet scenario.
Observations 1: For Type 3i receiver, the gain from removing the CQI mismatch becomes larger when the interference_cell_Ior/serving_cell_Ior increases.
3.2 Upper bound performance of pre-decoding IC UE
In this section, we look at the gains in average UE throughput for pre-decoding IC UE. Table 4 and Table 5 show the gain of pre-decoding IC receiver over Type 3i receiver in PA3 channel, both with and without CQI mismatch. The IC gain is significantly large independently if the CQI mismatch exists or not. 
As illustrated in chapter 2, interferer signal used in this simulation has different modulation type and number of codes, but the same power. For Type 3i receiver, the interferer signal is transmitting with full power in this simulation.
Table 4: Pre-decoding IC gains in average LPN UE throughput in HetNet scenario (PA3)
	UE Location
	Pre-decoding IC w/ CQI mismatch over Type 3i
	Pre-decoding IC w/o CQI mismatch over Type 3i

	L1
	69.15%
	82.76%

	L2
	49.45%
	60.24%

	L3
	35.27%
	45.06%

	L4
	24.36%
	30.45%

	L5
	13.55%
	16.37%

	L6
	5.25%
	5.34%


Table 5: Pre-decoding IC gains in average Cell2 UE throughput in HomoNet scenario (PA3)
	UE Location
	Pre-decoding IC w/ CQI mismatch over type3i
	Pre-decoding IC w/o CQI mismatch over type3i

	L1
	8.91%
	12.43%

	L2
	10.09%
	18.55%

	L3
	10.99%
	24.70%

	L4
	15.95%
	35.99%

	L5
	14.16%
	19.82%

	L6
	18.25%
	26.28%

	L7
	22.81%
	34.24%

	L8
	31.33%
	45.51%


From Table 4 and Table 5, the following observations can be made.
We firstly analyze the pre-decoding IC gains over Type 3i. In HetNet scenario, for L1~L4, interference strength is stronger than serving signal strength. When there is CQI mismatch issue, the IC gain at L1 is 69.15%, much higher than the IC gain at L4, which is 24.36%. When there is no CQI mismatch issue, the IC gain at L1 is 82.76% while at L4 it is 30.45%. It can be seen that more IC gains can be expected with stronger interferer. Similar observations could be found in HomoNet scenario.
Observations 2: More IC gain can be obtained in the scenarios with stronger interference.
Then, we compare the IC gains w/ CQI mismatch and the gains w/o CQI mismatch. In HetNet scenario with PA3 channel model, at L3, about 10% more gains could be observed from the IC gain w/o CQI mismatch issue. At L1, about 13% more gains could be observed, where the interference strength becomes larger. This is because when interference strength is large, the CQI difference will also be large for different interference structures. In this case, the CQI mismatch issue would become more severe. Thus the gain w/o CQI mismatch is larger at L1 than at L3. Similar observations can be found in HomoNet scenario. As a result, we have the following observation:
Observations 3: For pre-decoding IC receiver, about 10% more gain can be obtained by UE w/o CQI mismatch than UE w/ CQI mismatch. Such gain becomes larger as the interference strength increases.
4. Conclusion
In this paper, the simulation results for upper bound performance related to CQI mismatch is shown. From the simulation results, we can get some observations:
Observations 1: For Type 3i receiver, significant gain from removing the CQI mismatch can be observed when the interference_cell_Ior/serving_cell_Ior is large.
Observations 2: More IC gain can be obtained in the scenarios with stronger interference.
Observations 3: For pre-decoding IC receiver, about 10% more gain can be obtained by UE w/o CQI mismatch than UE w/ CQI mismatch. Such gain becomes larger as the interference strength increases.
It is proposed:

Proposal 1: Capture the evaluation methodology and results for CQI mismatch issue in the TR.
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6. Appendix: Evaluation methodology for CQI mismatch
In order to investigate the potential gains introduced by mitigating the CQI mismatch, an evaluation methodology and simulation assumption is proposed in this section. 
6.1 Triple radio-link simulation to model the serving and interferer links
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Figure 1 illustration of dual radio-link modelling for evaluation on CQI mismatch

As shown in Figure 1, a triple radio-link simulation is modelled in the link level simulations, where:

· Serving radio link: one radio link models the serving link between the serving NodeB and the ICS UE;

· Interferer radio link 1: one radio link models the strongest dominant interferer link; 

· Interferer radio link 2: one radio link models the second strongest interferer link.

To investigate the interference structure impact, different structures should be firstly modelled and defined for different factors impacting the IC efficiency. As an example, Table 6 gives the potential definition for interferer structures. 

Table 6 Modelling of interferer structure in triple radio-link simulations

	The factors impacting the IC efficiency
	Interferer’s HS-PDSCH modulation type
	Interferer’s HS-PDSCH TB size
	Interferer’s power on HS-PDSCH

	Interferer Structure 1
	Interferer structure with low order modulation, such as QPSK
	Interferer structure with the TBS which can be decoded by ICS UE correctly
	Interferer structure with low power HS-PDSCH transmission

	Interferer Structure 2
	Interferer structure with High order modulation, such as 16QAM and 64QAM
	Interferer structure with the TBS which can be decoded by ICS UE incorrectly
	Interferer structure with high power HS-PDSCH transmission


Furthermore, the scheduled sequence of the interferer’s structure should be also modelled in the interferer radio link in the triple radio-link simulations. Optionally one method is obtaining the distribution of different interferer structures from the system level simulation results. Another method is assuming the round robin scheduling.
6.2 Methodology for comparing performance with/without CQI mismatch 

The potential gains of mitigating the CQI mismatch can be obtained by comparing the performance of the following two cases.locations of IC UE













































































































· ICS performance with CQI mismatch: the legacy ICS UE is considered, which does the CQI evaluation and filering normally regardless the interferer structures. When the serving NodeB schedules the ICS UE, the reported CQI is used.
· ICS performance with CQI mismatch mitigation: When the serving Node B choose the TB size for the ICS UE, the scheduled CQI is obtained by compensating the CQI mismatch caused by the interferer structure difference. 
Regarding the normal ICS performance with CQI Mismatch, the CQI measurement and the TBS selection/scheduling are the same as the normal operation in legacy system. If the interferer structure used in the moment CQI measured is different from the interferer structure used in the moment CQI used, there exists CQI Mismatch between the current interferer structure and the used CQI values.

Regarding the ICS performance with CQI mismatch mitigation, for each UE’s location, link simulations are run in advance to obtain the serving CQI value sequence for each Interferer structure by fixing the interferer structure in the interferer radio link. For the reason that the Interferer structure is fixed for each simulation, the obtained CQI value sequences correspond to the ideal CQI values which can be achieved by mitigating the CQI mismatch.

Simulation 1 and simulation 2 are run separately for obtaining the sequences of measured CQI for the cases when the interferer radio link has fixed structure of interferer structure 1 and 2. In order to compare the performance, the used fading channels of serving and interferer radio links are set exactly the same for all link level simulations. 

After obtaining the CQI value sequence for each interferer structure, another improved link simulation (e.g. simulation 3) is run to evaluate the potential performance by mitigating the CQI mismatch issue. A random sequence of scheduled interferer structure obtained from the system level simulation is transmitted in the interferer radio link to model the realistic interferer structure variations. When the TB size of the ICS UE is chosen, the instantaneous interferer structure on the corresponding TTI is taken as an input parameter, and the scheduled CQI value is looked up from the CQI value sequence of the corresponding interferer structure, which is obtained in advance from simulation 1 and 2. By doing this, the compensation for correcting the mismatch due to different interferer structures is modelled in the link level simulations. 

By comparing the performance from the legacy simulation and improved simulation 3, the potential gain of resolving CQI mismatch issue can be obtained. It should be noted that the fading channels of both the serving radio link and the interferer radio link must be set exactly the same for all simulations to make the performance comparable. Also the produced sequence of interferer structure from interferer radio link should be also the same for legacy simulation and improved simulation 3.
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