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1 Introduction

In RAN #59 meeting, the proposed SI of Study on Network-Assisted Interference Cancellation (NAIC) and Suppression for LTE was approved [1].
The objective of this study is to further suppress the intra-cell and inter-cell interference at the receiver side with possible network signalling assistance. According to the study item description, one of the RAN1 related topics is to identify target deployment scenarios and interference conditions [2]:

In this contribution, we will discuss the possible deployment scenarios for evaluating the performance of NAIC and provide our suggestions.
2 Discussion
In current LTE/LTE-A networks, the UE suffers different types of interference on the downlink. For the SU-MIMO case, the signal received by the UE contains multiple data streams, with inevitable inter-layer interference. For the MU-MIMO case, the signal received by each UE suffers from interference caused by the signals intended for other paired UEs that are served by the same cell on the same time-frequency resources. Further, a UE may suffer from inter-cell interference (ICI), namely the interference caused by the signals sent from a neighbour cell to its served UEs. The neighbour cell might belong to the same site as the serving cell (intra-site) or to a different site (inter-site). Thus, a straightforward way to mitigate the interference in all cases mentioned above is to apply interference cancellation at the receiver side with the assistance of some form of network signalling. For example, the inter-cell CRS interference cancellation can be invoked in FeICIC scenarios, where information of CRS from neighbour cells is available.
In order to evaluate the performance of NAIC, the evaluation deployment scenarios for different interference cancellation or interference suppression receivers should first be identified. Recall that many deployment scenarios have been defined in Rel-11, such as the four deployment scenarios defined in CoMP SI, the eight deployment scenarios defined in eIMTA SI, the four deployment scenarios defined in enhanced DL MIMO SI, and so on. Some of these scenarios may especially benefit from NAIC, which would be detailed discussed in the following sections.
2.1 Heterogeneous network deployment
The requirement for higher data rate and better coverage services has become a driving factor for developing heterogeneous network (HetNet) and the ongoing small cell enhancements. The main reason for this is to exploit conventional cell splitting gain by increasing the number of smaller cells. However, the ICI of HetNet is a severe issue that affects overall network performance. Especially, in co-channel HetNet deployment, where different layers of co-channel cells operate, UEs suffer strong ICI from macro cell or CSG small cell especially if cell range extension (CRE) is applied in small cells.
Therefore, the techniques of interference cancellation for HetNet scenario were discussed and some new LTE features, such as CoMP and eICIC/FeICIC, were developed to mitigate strong ICI and to improve the throughput performance. However, both CoMP and FeICIC developed in Rel-11 have some notable constraints. For Rel-11 CoMP, it can only be applied in the intra-eNB scenario due to the backhaul capability constraint. Thus, only the ICI from the neighbour cells belonging to the same site as the serving cell can be cancelled. For Rel-11 eICIC/FeICIC scenarios, the ICI from macro cell in the ABS subframes may be cancelled at the cost of degradation of spectrum efficiency in macro cell. Moreover, the ICI resulting from data REs of macro cell in the non-ABS subframes can not be cancelled under the Rel-11 mechanism.
Considering the NAIC provides another angle of view to suppress the ICI and is not constrained by the above mentioned conditions, it is feasible that the NAIC can be applied in the HetNet scenario. The implementation of advanced receivers exploiting new supports from the network is expected to offer additional degree of freedom for performance enhancement. Furthermore, only limited number of dominant interfering sources exists in typical HetNet deployment scenarios defined in TR36.814. Thus, in NAIC, it is possible to restrict the signaling overhead to an acceptable level, while minimizing the implementation complexity. As the small cell deployment scenario attracts increasing interest, it is viable to take into account the co-channel HetNet scenario (e.g. small scenario 1) for NAIC. The following assumptions can be made:

· Network with outdoor low power nodes within the macro cell coverage on the same carrier frequency.
· The cell IDs of low power nodes can be the same as or different from the macro cell.
· Both synchronized and unsynchronized network deployments are considered, while the synchronized case can be used as baseline.

· X2 backhaul can be assumed as baseline.

· Other assumptions in TR36.814 may be referred to where appropriate.
According to the above discussion, we have the following proposal:
Proposal 1: The above proposed HetNet scenario should be considered for evaluating the performance of NAIC with high priority.
2.2 Homogeneous macro cell deployment
Currently, homogeneous macro cell deployment is widely used for ensuring sufficient coverage. Thus, compared with HetNet scenario, macro cell may serve more UEs simultaneously. It means that in homogeneous macro cell deployment, more users will benefit from MU-MIMO. Moreover, during the discussion of enhanced DL-MIMO SI in Rel-11, the homogeneous macro scenario was evaluated with higher priority than other scenarios. Therefore, it is reasonable to treat the homogeneous macro cell deployment as a typical scenario for UE to perform MU-MIMO.
Considering one of motivations of NAIC is intra-cell interference cancellation, this scenario is feasible for evaluating the performance of NAIC, where we have the following assumptions:

· Multiple macro cells deployed on the same carrier frequency.
· Both synchronized and unsynchronized network deployments are considered.

· Other assumptions in TR36.814 may be referred to where appropriate.

Hence, we propose that:
Proposal 2: The proposed homogeneous macro cell deployment scenario should be considered for evaluating the performance of NAIC for intra-cell interference cancellation.
2.3 Multi-pico cells deployment
During the discussion of eIMTA, the multi-pico cells scenario was proposed for evaluating the performance of eIMTA. Recall that the NAIC SI focuses only on the co-channel ICI. From this perspective, the scenario 2a in SI of small cell enhancement is similar to the multi-pico cells deployment. Currently, the ICI among pico cells in a sparse multi-pico deployment is considered as not critical. However, when the number of pico cells in a cluster is increased, the ICI cannot be negligible any more. One may argue that it might be a straightforward way to mitigate the ICI by applying eICIC/FeICIC in the dense multi-pico scenario. However, since the motivation of eICIC/FeICIC is to handle ICI in the HetNet scenario, it is not clear whether it can work as expected in the multi-pico cells scenario, especially when the constraints of eICIC/FeICIC mentioned before are taken into account. Therefore, NAIC may be considered for mitigating the ICI in multi-pico cells scenario. On the other hand, NAIC may also be applied at UE side for solving the UL/DL cross-interference identified in the eIMTA scenario with multi-pico cell deployment. Thus, we think multi-pico cells scenario can be used for evaluating the performance of NAIC, where we have the following assumptions:

· Multiple outdoor pico cells deployed on the same carrier frequency.
· Both synchronized and unsynchronized network deployments are considered, while the synchronized case can be used as baseline.

· X2 backhaul can be assumed as baseline.

· Other assumptions in TR36.814 may be referred to where appropriate.

We have the following proposal:

Proposal 3: The proposed multi-pico cells deployment scenario can be considered for evaluating the performance of NAIC.

3 Conclusion

In this contribution, we have discussed the network deployment scenarios for evaluating the performance of NAIC and we kindly suggest that RAN1 agree on the following proposals:
Proposal 1: The above proposed HetNet scenario should be considered for evaluating the performance of NAIC with high priority.
Proposal 2: The proposed homogeneous macro cell deployment scenario should be considered for evaluating the performance of NAIC for intra-cell interference cancellation.
Proposal 3: The proposed multi-pico cells deployment scenario can be considered for evaluating the performance of NAIC.
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(RAN1) For data/control channels of interest, identify and agree on realistic deployment scenarios and co-channel inter- and intra-cell interference conditions (including corresponding network/transmission parameters) for evaluating different interference cancellation (IC) or interference suppression (IS) receivers, including the following two main scenarios:


Intra-cell interference resulted from current SU-/MU-MIMO operation 


Inter-cell interference based on deployment scenarios prioritized in Rel-11, taking into account scenarios, once defined, under Rel-12 WIs/SIs such as small cells.
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