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1. Introduction

A new study item proposal “Network assisted interference cancellation and suppression (NAICS) for UMTS” has been approved in RAN#66 meeting [1]. This study item is to investigate how network involvement can assist the performance of ICS capable UE. 
The objectives of the study item are:
1. Identify the scenarios of interest and simulation assumptions for network assisted interference cancellation and suppression (NAICS). Both homogeneous and heterogeneous networks should be considered (RAN1):

· The scenarios of interest should consider co-channel intra-Node B and inter-Node B interference conditions. 

· Both non-MIMO interference and MIMO interference should be considered.

2. Identify the UE receiver types with interference awareness that can be beneficial in the identified scenarios. Both interference cancellation (IC) receiver and interference suppression (IS) receivers, e.g., type 3i receiver, should be considered (RAN1).

3. Investigate the potential NAICS solutions to benefit the receivers with interference awareness:

· Identify the parameters to support UE with NAICS capability, for example semi-static/dynamic, cell-specific/UE-specific parameters. The trade-off between gains, and additional overhead and implementation complexity, should be studied (RAN1, RAN2).

· Study mechanisms for offloading UEs with NAICS capability (RAN1, RAN2).

· Study solutions to resolve the CSI mismatch issue for UEs with NAICS capability, e.g., enhanced UE feedback reporting techniques (RAN1).
This contribution gives an overview of these objectives. Detailed discussions are provided in [2] [3] [4] [5] [6].
2. Discussions
2.1 Target scenarios for NAICS [2]
Both homogeneous network and heterogeneous network scenarios would suffer co-channel interferences at their cell edges. Three scenarios can be considered, intra-Node B, Hetnet and inter-Node B. Furthermore, for all the scenarios, both MIMO and non-MIMO interference can be considered.

Figure 1 illustrates the types of interferences in different scenarios that can be studied in the NAICS SI.

1. Intra-NodeB interference between Macro cells in the HomoNet scenario (UE1)

2. Macro interference between Macro cell and LPN in the HetNet scenario (UE2) 
3. Inter-NodeB interference between Macro cells in the HomoNet scenario (UE3)

It should be noted that for all interferences types 1~3, non-MIMO and MIMO interference can be considered.
In addition, there are two other potential scenarios that could be considered in the future release: interference between portions in the cell portion scenario, and interference within a cell in the non-orthogonal multiple access (NOMA) scenario. In this release, however, the discussions would be focused on HomoNet and HetNet scenarios.
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Figure 1 Types of interference in HomoNet and HetNet scenarios
2.2 UE receiver types for NAICS [3]

In the study, the assumptions on UE receiver types would be determined. Basically, 3 types of UE receivers are ICS capable. One is interference suppression (IS) receiver, which is the legacy interference suppression receiver introduced in UMTS Rel-7. The reference of this interference suppression receiver is in TR 25.963. One is SLIC (Symbol Level Interference Cancellation), in which the UE does not decode the interfering signal but reconstruct it from the demodulated values at symbol level. In this case the UE needs to know modulation and code set of interfering signal. One is CWIC (CodeWord level Interference Cancellation), in which the UE demodulates and decodes the interfering signal at the codeword level and then reconstructs and cancels it from the total received signal. In this case in order to decode the interfering HS-PDSCHs, the UE needs to know the transport block size and HARQ RV information besides the modulation and code set of the interfering signal. 
2.3 Parameters to support ICS capable UE [4]
To handle the interfering signals, some parameters are needed on ICS capable UE as shown in Table 1. Some of the parameters could be blindly detected by the UE with acceptable accuracy but some cannot. For example, the code rate and TB size are not easy to be blindly detected while keeping a reasonable complexity at the UE. Hence, it would be helpful if the network sends the related parameter to the UE. Furthermore, if some semi-static parameters can reduce the detection complexity on the UE, it is also attractive to study it. 
Table 1 Parameters needed for various UE receiver types
	
	Type 3i Receiver
	SLIC Receiver
	CWIC Receiver

	Channel between the interfering cell and the receiver 
	√
	√
	√

	Modulation type of interference
	－
	√
	√

	Channelization Codeset 
	－
	√
	√

	Power offset of interference
	√
	√
	√

	TB size of interference
	－
	－
	√

	RV version of interference
	－
	－
	√


Based on the above analysis, potential solutions to improve the performance of ICS 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 parameters.
2.4 Offloading Enhancement for NAICS [5]
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 UEs with more advanced receiver capability, because these UEs could mitigate strong downlink interference. Otherwise, the benefit of offloading would be quite limited due to the strong downlink interference, and would greatly sacrifice the UE’s performance after offloading. 

Currently, however, it is not clear how the network would identify a UE with more advanced receiver capability, and how to perform offloading without sacrificing the UE’s performance. New solutions are expected to allow the network to enhance the performance of the system, as well as UE’s performance after offloading. 
2.5 CQI mismatch for NAICS [6]
For an ICS capable UE, its performance would be affected by the transmission structure of the interfering cell, e.g., strength and modulation order, etc.  These characteristics of transmission structures from the dominant interferers cause the CQI mismatch issues for the ICS UEs. Figure 2 illustrates the CQI mismatch issue by using an example of SLIC UE. The SLIC UE’s 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.
It is expected that the network can adjust the CQI to mitigate the CQI mismatch issue. Such adjustment should bring no negative impact to the interfering 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 2 Illustration of CQI mismatch issue
3
Conclusions

In this document we give an overview of the UMTS NAICS study. The detailed discussions about the deployment scenarios, UE receiver types, parameters, offloading and CQI mismatch issues are provided separately in other papers [2] [3] [4] [5] [6]. 
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