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1. Introduction
A new study on Network Assisted Interference Cancellation and Suppression was approved in RAN #66 [1]. Resolving the CQI mismatch for ICS UE was identified as one objective:
· Study solutions to resolve the CSI mismatch issue for UEs with NAICS capability, e.g., enhanced UE feedback reporting techniques (RAN1).
This paper illustrates the issues of CQI mismatch and provides considerations to resolve these issues. As a way forward, an evaluation methodology is proposed to investigate the potential gain if the CQI mismatch issues are resolved. 
2. CQI Mismatch issues for ICS UE
From the study in TR 25.963[2] and Hetnet study item, for interference cancellation and suppression receivers, the receiver performance is impacted by the interference environment, which can be modelled by the following factors.
· 
Geometry of the UE in its corresponding serving cell: as defined in TR 25.963 the geometry of the UE in the serving cell is defined as, where Îorj is the average received power from the j-th strongest base station (Îor1 implies serving cell, others implies to the interferers), N is the thermal noise power over the received bandwidth, and NBS is the total number of base stations considered including the serving cell.
· Interferer’s profiles:
· The number of dominant interferers (n);
· 

Dominant Interferer Proportion (DIP) for each dominant interferer: in which the DIP for the dominant interferer i is defined as, where .
· The transmission structure for each dominant interferer, such as:
· modulation type of HS-PDSCH for SLIC UE;
· the scheduled Transport Block Size of HS-PDSCH for CWIC UE;
· The transmitted power on the HS-PDSCHs and the pilot;
Among the above factors, geometry and DIPs of the dominant interferers have been identified as factors impacting the performance of the interference suppression LMMSE receiver (such as type3i) in TR 25.963 [2]. When a more advanced IC receiver, such as SLIC or CWIC, is adopted in the realistic deployment, besides geometry and DIP of dominant interferers, the transmission structure also greatly impacts the performance of the advanced ICS receivers [3]. Hence, it is proposed that the IC efficiency for the advanced ICS receivers is modeled as the function of geometry, DIPs and interferer structure for each dominant interferer, as shown in Equation.

[bookmark: ZEqnNum995602]		


Among the above factors, it is well known that the geometry is measured by the UE and changes slowly. The number of dominant interferers usually depends on the UE location and capability, which is known by UE side and does not change quickly. The DIP parameter for each interferer, similar to the geometry, varies slowly and is correlated between consecutive TTIs. Based on these observations, the geometry, number of dominant interferers and their DIP values vary slowly at the UE side and are correlated between consecutive TTIs. This means that they can be predicted for future TTIs from the past values measured at the UE side..
The transmission structure of each dominant interferer is difficult to predict. The transmission structure is totally determined by the scheduler on the interfering NodeB, which is unknown to the UE. Furthermore, the structure of the interference depends on the scheduling, the reported channel conditions from all UEs and also the load. There is no or limited correlation for the transmitted format structure between consecutive TTIs, which means it is unpredictable at the UE side.
This characteristic of the transmission structures from the dominant interferers cause the CQI mismatch issue for the ICS UEs. Figure 1 illustrates the CQI mismatch issue by using the example of SLIC UE. The SLIC UE instantaneous measured CQI has large variation due to the change of the interferer modulation. For example, when the UE reports the CQI to the network, the interferer is QPSK, and IC efficiency is high. When the UE is scheduled, the interferer is 64 QAM, and the IC efficiency is low. However, the network can only use the previously reported CQI to schedule the UE, making the actual scheduled CQI higher than the CQI the UE should use. This is the CQI mismatch issue and it would eventually cause performance degradation of the IC UE.


[bookmark: _Ref377995276]Figure 1 Illustration of CQI mismatch issue for IC UE
3. Considerations on mitigating CQI mismatch issue
The transmission structures which will have impact on the IC efficiency on ICS UE should be firstly identified and defined. An example is given in Table 1. Based on different interferer structures, either the receiver or the Node B can take the interferer structure into the CQI measurement or the scheduling. Some compensation or calculation could be considered to adjust the CQI values to compensate the CQI mismatch due to the different interferer structure between measured TTI and the scheduled TTI.





Table 1 Examples for Interferer structures
	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 structures defined
	Interferer structure with high order modulation/Interferer structure with low order modulation
	Interferer structure with HS-PDSCH transport block which can be decoded correctly by ICS UE/ Interferer structure with HS-PDSCH transport block which can not be decoded correctly by ICS UE
	Interferer structure with high power transmitted HS-PDSCH/ Interferer structure with low power transmitted HS-PDSCH


4. Evaluation methodology
In order to investigate the potential gains introduced by mitigating the CQI mismatch, an evaluation methodology and simulation assumption is proposed in this section. And it is proposed to agree on the evaluation methodology and encourage the group to provide the evaluation on the potential gains when CQI mismatch is resolved. 
4.1 Dual radio-link simulation to model the serving and interferer links


Figure 2 illustration of dual radio-link modelling for evaluation on CQI mismatch
As shown in Figure 2, a dual 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: the other radio link models the strongest dominant interferer link. To simplify the initial studies of the potential gains, only one strongest dominate interferer is considered.
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 2 gives the potential definition for interferer structures. 
Table 2 Modelling of interferer structure in dual-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 dual-link simulations. Optionally one method is obtaining the distribution of different interferer structures from the system level simulation results. As simplicity, another method is assuming the round robin scheduling. It is proposed that the detailed modelling for producing the scheduling sequence of interferer’s structures should be discussed.
4.2 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 issue: 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 simulation method is shown in Figure 3, in which the CQI measurement and the TBS selection/scheduling are the same as the normal operation in legacy system. As shown in Figure3, there exists CQI Mismatch between the current interferer structure and the used CQI values.


Figure 3 Illustration of simulation method for the Legacy ICS performance with CQI mismatch issue
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.
As shown in the Figure 4, 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 link simulation (e.g. simulation 3 in Figure 4) 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. As shown in Figure 4, 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 in Figure4. 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 simulation 0 and simulation 4, 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 four simulations to make the performance comparable. Also the produced sequence of interferer structure from interferer radio link should be also the same for simulation 0 and simulation 3.


Figure 4 Illustration of simulation method for the ICS performance with CQI mismatch mitigation

4.3 Link level simulation assumption and UE locations
The link level simulation assumptions and the UE locations have been discussed in [4]. It is proposed to use the scenarios and assumptions in [4].
5. Conclusion
The factors impacting the ICS performance are discussed in Section 2 and the CQI mismatch caused by the variation of the interferer structure is analyzed. Initial considerations on resolving the CQI mismatch issue are discussed in Section 3. Section 4 gives the simulation methodology to evaluate potential gains. It is proposed to discuss and agree on the evaluation methodology in Section 4. The RAN1 group is encouraged to provide evaluations in the next meeting.
Proposal: Agree on the methodology in Section 4 for the evaluation of potential gains for resolving the CQI mismatch.
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