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1. Introduction

The use of interference cancellation (IC) and interference suppression (IS) technologies at the UE could mitigate the inter-cell interference at the cell edges. However, its performance would be limited due to the variation of the neighbor cell interference.  In addition, it is not clear how the network would identify the UE with IC capability so that the network can further benefit from the IC capable UEs. With network assistance, it is expected to further enhance IC capable UEs’ performance at the cell edges. This contribution discusses the potential issues of the IC capable UEs, as well as some design aspects to enhance the IC capable UEs’ performance at the cell edge.
2. Discussions
2.1 Motivation

The number of subscribers is growing rapidly, creating new demands for higher capacity. Several techniques are commonly used, such as cell splitting, heterogeneous network deployment [1], etc. However, there are two factors that would limit the capacity that can be achieved by these techniques. Firstly, a lot of new cell edges would be created. Strong co-channel interference from the neighbour cells would degrade the downlink performance of cell edge UEs significantly. Secondly, many lightly loaded cells, or even unused cells, would be created. Because it is impractical to accurately deploy every cell right at the hotspot centre, some cells will inevitably be lightly loaded, while some will be heavily loaded.
The potential of IC capable UE has been observed during the heterogeneous network work item. Pre-decoding IC, post-decoding IC, and MMSE based IS (type3i) UE have been studied. According to link simulation results [1], significant gain of an IC capable UE over non-IC UE can be observed near the cell edge, especially when the UE suffers strong co-channel interference. However, it is also observed that although UE can perform IC alone without network involvement, the CSI reporting is unstable due to the interference variation. In addition, it is not clear how the network would identify the UE with IC capability so that the network can further benefit from the IC capable UEs. Furthermore, there may be potential solutions that can improve UE’s IC performance, or reduce UE’s IC implementation complexity. As a result, further study is necessary to explore the potential of the IC capable UEs with network assistance.
2.2 Scenarios

Both homogeneous network and heterogeneous network scenarios would suffer co-channel interferences. For homogeneous network, there would be intra-Node B scenario and inter-Node B scenario. For heterogeneous network scenario, there would be inter-Node B scenario. For all scenarios, ideal backhaul can be assumed.
Figure 1 illustrates the types of interferences that can be handled by NAICS.
1. Inter-cell interference between Macro cells (UE1)

2. Inter-cell interference between Macro cell and LPN (UE2)

3. Intra-cell interference between cells within a Node B (UE3)

4. Co-channel interference from MIMO interference (UE4)
It should be noted that for interference types 1~3, the interference can also be MIMO interference.
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Figure 1 Types of co-channel interference that can be handled by NAICS
Potential NAICS techniques are targeted to enhance the performance of UEs suffering from these types of interference. 
2.3 Potential issues

Signaling

To construct the interferer signals, some information is needed on IC UE. As an example, for the Symbol Level Interference Cancellation (SLIC), also called pre-decoding IC UE in the HetNet Study, the information of modulation type, used code set and the power offset relative to the pilot may be needed to reconstruct the interferer signal. For the Codeword Level Interference Cancellation, besides the above information, the code rate or TB size information of the interferer is also needed to do the post-decoding cancellation.  

Some of the information could be blindly detected by the UE with acceptable accuracy. However, for other information, the accuracy may be not good in some scenarios. For example, the code rate and TB size is not easy to be blindly detected while keeping an acceptable complexity at the UE. Hence, it would be helpful if the network sends the related information to the UE. Furthermore, if some semi-static information can reduce the detection complexity on the UE, it is also attractive to study it. 
Considering the MIMO network, the scheduled HS-PDSCH would be transmitted by using rank 1 transmission, rank 2 transmission or non-MIMO transmission. The IC UE needs to detect the correct transmission mode to reconstruct the interfering signal.
Based on the above analysis, potential solutions to improve the performance of IC and reduce the complexity of the UE are of interest for further study, e.g., the introduction of some dynamic or semi-static signaling to assist the UE to detect the necessary information.
Offloading
With cell splitting and LPN deployments, there would be more unbalanced loading among cells, because it is impractical to locate a cell right at the hotspot centre. Some cells will inevitably be lightly loaded, while some will be heavily loaded. In order to balance the loading among cells, offloading the UE with a larger CIO is a desired technique. However, offloading with large CIO should only be applied to IC capable UEs, because these UEs could mitigate strong downlink interference. For a UE without IC capability, performance would be quite limited due to the strong downlink interference. 

If an IC capable UE is offloaded from a heavily loaded cell to a lightly loaded cell, the advantage is two-fold: 

1. Offloading releases the resource allocated to the offloaded UE. The released resource can be used by other UEs.

2. The lightly loaded cell can offer more resource to the offloaded UE. The UE’s performance would be improved after offloading.

Currently, however, it is not clear how the network would identify a UE with IC capability, and when the network should do the offloading of the IC capable UE. New solutions are expected to allow the network to identify the IC capable UEs, so that offloading with proper CIO can be beneficial to both UE and network performance.
CQI mismatch

For an IC capable UE, its IC performance would be affected by the interference environment. For example, a symbol level IC (SLIC) UE’s IC performance is affected by the following factors:

· Number of interferers
· Serving long term SNR, C/N
· Interferer long term SNR, I/N
· Interferer modulation order
· Interferer rank for MIMO interference
· Interferer precoding scheme for MIMO interferer
If we define 
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 as the IC efficiency, then the serving SINR before IC (
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Figure 2 shows the relationship of IC efficiency and the interference environment, assuming 1 non-MIMO interferer. It can be seen that 
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varies quite a lot for different interference environment parameters, especially for the interferer modulation order.
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Figure 2 Relationship of IC efficiency (
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), C/N, I/N and interferer modulation order

Due to the fact that C/N and I/N are long term parameters for the interference environment, these two parameters will not change rapidly. However, the change in interferer modulation is determined by the interferer scheduler. It is a short term parameter and it can change rapidly. As can be seen from Figure 2, the change of interferer modulation would cause significant change of the IC efficiency, 
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. Such change will inevitably affect the serving SINR after IC, causing CQI mismatch issue.
Figure 3 illustrates the CQI mismatch issue for the IC capable UE. IC UE’s 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 16 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.
If the UE can provide some information for the network so that the CQI can be adjusted to mitigate the CQI mismatch issue, for example, the amount of CQI adjustment for different interferer modulation order, it is expected that the performance of the IC UE improves. Such adjustment should bring no negative impact to the interferer cell. For example, in the HetNet scenario, the Macro causes significant interference to the LPN UE. The CQI adjustment does not change the behavior of the Macro cell, and it only improves the performance of the IC UE.
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Figure 3 Illustration of CQI mismatch issue for IC UE
3
Conclusions

In this contribution, we discussed aspects that limit the performance of IC capable UEs. Network assisted solutions can be studied to resolve these issues and further enhance the IC capable UEs performance at the cell edge.
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