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1. Introduction
Network Assisted Interference Cancellation (NAIC) was approved as one objective of the Hetnet WI [1]. The following aspects were proposed to be considered in the Rel-12 specification.
· NAIC (Network Assisted Interference Cancellation) - Consider using NAIC to enhance LPN edge UE performance. Both pre-decoding and post-decoding IC should be considered and the gains and reliability of needed signaling to enable IC should be evaluated. Specify the aspects which ensure  the impact on Macro capacity is minimized:
· Network signaling that enables IC at the UE. RAN1/2/3)

· Specify NAIC UE requirements. (RAN1/4)
·  Support for coordinated scheduling between macro and LPNs. (RAN1/2/3)
· The design should ensure that the impact on non-IC capable legacy UEs is minimized. 
This paper focuses on the CQI mismatch which is a common issue for all IC UE types. Simulations show that the CQI mismatch degrades substantially the IC performance. Based on the simulations and analysis, we propose that the CQI mismatch issue is addressed and resolved in this work on NAIC. Solutions to resolve the CQI issue are discussed.
2. Discussion on IC UE types in NAIC
As discussed in the SI phase, interference cancellation can be done with pre-decoding IC UE or post-decoding IC UE architecture [1][2]. Post-decoding IC UE uses the decoded data to reconstruct the interferer’s signal, so the code rate information is essential for the post-decoding IC UE. For pre-decoding IC UE, the decoded data are not used to construct the interferer’s signal. Only the modulation type, code set and power offset of the interfering HS-PDSCHs are needed for constructing and cancelling the interferer’s signal. The code rate of the interfering HS-PDSCHs is difficult to detect, while the modulation type, code set and power offset can be blindly detected.

Based on the above factors, the IC UEs can be divided into the following types:

· Legacy IC UE: blind detection based pre-decoding IC UE. The CQI filtering and feedbacks cannot be modified. 

· Rel-12 pre-decoding IC UE: new signaling should be introduced for network assistance. For example, RRS pattern could be indicated to the Rel-12 pre-decoding IC UE for mitigating the CQI mismatch issue. The CQI filtering could be modified to improve the CQI estimation in different interference environments.

· Rel-12 post-decoding IC UE: new signaling should be introduced for network assistance. The physical layer signaling for indicating the code rate is essential to enable the post-decoding IC UE. The RRS pattern could be also indicated to the Rel-12 post-decoding IC UE to mitigate the CQI mismatch issue, and the CQI filtering and feedback could be also modified for better performance. 
3. CQI mismatch issue of IC UE in Hetnet
3.1 Impact of transport structure on IC efficiency
Besides the interference strength, it was shown that the transport structure of the interference also has impact on the IC performance. This is caused by the IC efficiency difference while a different transport format of the interference is scheduled. 
For pre-decoding IC UE, simulation results in [3] (shown here in Table 1) show the different IC efficiency achieved with different interferer transport formats. Results in [4] also show that for a blind IC UE, the IC efficiency is sensitive to the code numbers scheduled by the interferer. Based on these results, we have the following observation..
Observation 1: The transport structure of the interferer, such as modulation type and/or code number, has an impact on the IC efficiency for pre-decoding IC UE.
Table 1: Throughput gain of pre-coding IC over Type3i
	Relative Gain over Type3i
	Reference Macro MCS set

	
	QPSK 

+ 

5codes
	QPSK 

+ 10codes
	QPSK 

+ 15codes
	16QAM 

+ 5codes
	16QAM 

+ 10codes
	16QAM 

+ 15codes
	64QAM + 

5codes
	64QAM 

+ 10codes
	64QAM 

+ 15codes

	LPN IC UE position
	L1
	87.72%
	83.53%
	78.98%
	79.61%
	65.61%
	46.43%
	66.77%
	40.10%
	17.09%

	
	L2
	77.84%
	74.17%
	64.72%
	67.66%
	48.21%
	29.36%
	53.43%
	32.59%
	13.46%

	
	L3
	81.05%
	72.68%
	60.33%
	65.44%
	43.36%
	24.53%
	49.60%
	27.78%
	11.94%

	
	L4
	62.39%
	50.57%
	42.06%
	47.72%
	29.28%
	16.76%
	39.84%
	20.73%
	10.16%


For post-decoding IC UE, simulations in [5] and [6] show that the interferer’s transport block size has impact on the IC efficiency. Table 2 shows simulation results using the same simulation assumptions as in [5] and [6]. From these results:
· While Macro UEs on different locations are scheduled, the IC performance is different for the same IC UE;

· Macro UEs in the near field have large degradation on IC performance compared with Macro UEs in the far field.

The IC efficiency difference is caused by the difference on the distribution of scheduled TB size of the Macro UEs. For the far field Macro UE, the smaller TB size is scheduled, so the IC UE has higher probability to decode the interfering transport block. Based on the results in Table 2, [5] and [6], we have the following observation.

Observation 2: The transport structure of the interferer, such as the interferer’s transport block size, has an impact on the IC efficiency for post-decoding IC UE.
	Table 2 Throughput gain of post-coding IC over Type3i

　
	The interference from the Macro cell

	
	Fixed UE position scheduling in Macro

	
	L7
	L8
	L9
	L10
	L11
	L12

	LPN IC UE position
	L2
	23.50%
	46.83%
	77.51%
	44.26%
	70.10%
	82.66%

	
	L3
	19.35%
	37.92%
	76.05%
	37.74%
	65.58%
	84.58%

	
	L4
	11.55%
	22.50%
	55.42%
	21.96%
	45.38%
	65.25%


3.2 CQI mismatch 
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Figure 1 Illustration of CQI mismatch for IC UE
Considering the Hetnet deployment, the LPN IC UE is considered and the major interference is from the related Macro cell. Since there is no direct interface between Macro cell and LPN, the Macro NodeB schedules different Macro UEs with different TB size or transport format independently of the scheduled LPN UEs. For the LPN IC UE, the major interferer transport structure is variable and unpredictable.
As shown in Figure 1, the IC UE will measure the CQI and report it to the network, for example on TTI_1. Considering the CQI feedback delay, the TB size corresponds to this CQI will be scheduled later, e.g. on TTI_2. On each TTI, the measured CQI reflects the instantaneous post-IC SINR on this TTI and the scheduled CQI corresponds to the actual TB size scheduled on current TTI. The scheduled CQI corresponds to the measured CQI on several TTIs before. 

The difference of the interferer’s transport structure between TTI_1 and TTI_2 could be large because of the Macro independent scheduling. This causes the mismatch of the IC efficiency between different TTI_1 and TTI_2 for the same IC UE. The IC efficiencies have impact on the post-IC CQI values. The mismatch of the IC efficiencies causes mismatch between the measured CQI and scheduled CQI on the TTI_2. The TB size scheduled on TTI_2 is determined based on the scheduled CQI, which is measured on TTI_1. The CQI mismatch between the two TTIs will degrade the performance of IC UE. 
The difference on transport structure between TTIs could be significant because the scheduler on Macro could schedule any UEs on each TTI. As illustrated in Figure 1, the far field Macro UE and near field UE could be scheduled on TTI_1 and TTI_2 in Macro cell and the mismatch between CQI values on two TTIs is significant. Consequently the IC performance degrades as will be shown by simulations in the next section.
3.3 Performance degradation caused by CQI mismatch
To illustrate the performance degradation caused by the CQI mismatch, two cases are simulated. The simulation assumptions are shown in the Annex.
· Case 1: Fixed UE position scheduling in Macro cell. The Macro UE on a fixed position is scheduled consecutively in Macro cell link. 

· Case 2: Practical scheduling in Macro cell. The scheduled CQI distribution in Macro cell is obtained from system level simulations. Based on the CQI distribution, the interfering link is modeled in the Macro cell. By doing this, a practical scheduler is obtained in the link level simulations for the Macro cell. This simulation setup reflects the CQI mismatch issue that exists in realistic networks.
For the case of the fixed UE position scheduling, the interferer on each fixed Macro UE location can be seen as a relative stable interference on the level of interferer geometry. Hence, the average value of the IC performance, averaged for different fixed Macro interferers, could be used as a relative metric to show the IC performance w/o geometry level mismatch. The practical scheduling properties in the realistic macro cell are modeled by using the case of practical scheduling in Macro cell.
	Table 3 Performance degradation for pre-decoding IC UE caused by CQI mismatch

　
	The interference from the Macro cell

	
	Fixed UE position scheduling in Macro
	Practical scheduler is assumed in Macro cell

	
	L7
	L8
	L9
	L10
	L11
	L12
	on average
	

	LPN IC UE position
	L2
	10.54%
	24.28%
	53.32%
	22.45%
	46.12%
	67.49%
	37.37%
	25.58%

	
	L3
	10.05%
	19.05%
	44.22%
	18.92%
	38.99%
	67.16%
	33.07%
	22.24%

	
	L4
	9.78%
	13.19%
	32.24%
	14.10%
	25.42%
	45.13%
	23.31%
	17.23%


Table 4 Performance degradation for post-decoding IC UE cause by CQI mismatch

	　
	The interference from the Macro cell

	
	Fixed UE position scheduling in Macro
	Practical scheduler is assumed in Macro cell

	
	L7
	L8
	L9
	L10
	L11
	L12
	on average
	

	LPN IC UE position
	L2
	23.50%
	46.83%
	77.51%
	44.26%
	70.10%
	82.66%
	57.48%
	42.22%

	
	L3
	19.35%
	37.92%
	76.05%
	37.74%
	65.58%
	84.58%
	53.54%
	35.44%

	
	L4
	11.55%
	22.50%
	55.42%
	21.96%
	45.38%
	65.25%
	37.01%
	24.01%


The results for pre-decoding IC UE are summarized in Table 3. We can observe the IC efficiency difference when different interferers are scheduled. Comparing the average performance of fixed Macro UE cases and the performance of practical scheduler cases, the degradation caused by CQI mismatch is shown to be more than 10% on L2 and L3.

The results for post-decoding IC UE are summarized in Table 4. We can observe the IC efficiency difference when different interferers are scheduled. Comparing the average performance of fixed Macro UE cases and the performance of practical scheduler cases, the degradation caused by CQI mismatch is shown to be about 15~18% on L2 and L3.
With respect to the average value of the fixed Macro UE case, the interference just matches on the level of interferer’s geometry. If the CQI is matched considering the fast fading, the IC performance should be further improved.
Observation 3: CQI mismatch degrades IC performance for both pre-decoding and post-decoding IC UEs.
4. Considerations on resolving the CQI mismatch
As shown above, the CQI mismatch is a common issue for all (pre- and post-decoding) IC UEs and significantly degrades IC performance. Interference cancellation operation introduces complexity and cost on UE side, hence the achievable IC gain should be guaranteed. Especially in the case of range expansion in Hetnet, IC performance should be guaranteed under low geometry conditions in order to offload more UEs to LPN and achieve larger gains on average and edge performance.
Proposal 1: The CQI mismatch issue needs to be resolved to improve the IC performance of LPN cell edge UEs.
It is shown that the CQI mismatch is caused by the changing interferer transport structure. This causes variable IC efficiencies on IC UE and degrades the performance substantially. The lack of a direct interface between LPN and Macro NodeB in HSPA networks makes the dynamic coordination between Macro cell and LPN not possible. The independent scheduling on Macro cell makes the interference structure on the next TTI unpredictable for LPN. Considering these limitations, the CQI mismatch issue is very difficult to be resolved by implementation methods in current co-channel Hetnet deployments. Therefore, it is proposed to resolve the CQI mismatch while introducing NAIC operation. 
Proposal 2: Resolve or mitigate the CQI mismatch issue while introducing NAIC operation.
5. RRS pattern based coordinated scheduling

To resolve the CQI mismatch issue, the following key points should be supported:

1. The interference environment should be stable or predictable for LPN and LPN edge IC UE.

2. Different CQI values should be maintained for different interference environment.
Considering the limitations of current HSPA network, dynamic coordinated scheduling is difficult. Hence RRS pattern based coordinated scheduling is an obvious solution to support the first point to produce predictable interference. 

To support the second point, in RRS pattern based scheme, separate CQI values should be maintained for RRS and non-RRS. Two options are considered.
· Option1 (Network based separate loops for CQI adjustment)
Network maintains separate CQI adjustment loops for RRS and non-RRS. It is well known that CQI adjustment has been widely used in current networks. Two separate adjustment control loops for RRS and non-RRS subframes are maintained. This is a straightforward enhancement to current networks.
Network based separate CQI adjustment loops makes RRS pattern applicable to legacy IC UE since it does not require any modification on CQI estimation and filtering at the UE.

· Option 2 (UE based separate CQI maintenance for RRS and non-RRS)

The RRS Pattern is indicated to the IC UE. Then the IC UE could estimate separate CQI values for RRS and non-RRS. For the UE based method (option 2) better performance should be obtained because the UE knows better the channel conditions from both the interfering and serving links.
By using the RRS pattern, the interference structure from Macro cell is made to be predictable, therefore the CQI mismatch issue is resolved. Reference [7] further discusses and evaluates the RRS pattern solution for legacy IC UE and also illustrates the network based separate CQI adjustment method. Reference [8] further discusses the enhancement by introducing new IC UE.
Proposal 3: Consider RRS pattern based coordinated scheduling as a solution to mitigate the CQI mismatch issue in HSPA networks. 
6. Conclusion

The CQI mismatch issue is analyzed in this paper. It is shown by simulation that the CQI mismatch issue degrades the IC performance significantly and it is a common issue for both pre-decoding and post-decoding IC UE. Based on simulation results, the following is observed.
Observation 1: The transport structure of the interferer, such as modulation type and/or code number, has an impact on the IC efficiency for pre-decoding IC UE.
Observation 2: The transport structure of the interferer, such as the interferer’s transport block size, has an impact on the IC efficiency for post-decoding IC UE.
Observation 3: CQI mismatch degrades IC performance for both pre-decoding and post-decoding IC UEs.
Considering the complexity and cost of the IC UE, the CQI mismatch issue should be resolved to improve IC performance. The CQI mismatch issue is difficult to be resolved by implementation methods. Thus we have the following proposals.
Proposal 1: The CQI mismatch issue needs to be resolved to improve the IC performance of LPN cell edge UEs.
Proposal 2: Resolve or mitigate the CQI mismatch issue while introducing NAIC operation.
Considering the limitations of no direct interface between NodeBs, the dynamic coordinated scheduling is not possible. The RRS pattern based coordinated scheduling is a solution to resolve the CQI mismatch issue.
Proposal 3: Consider RRS pattern based coordinated scheduling as a solution to mitigate the CQI mismatch in HSPA networks. 
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