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1 Introduction
Due to the need for the exponential traffic growth, currently interference management cannot meet demand for both the denser cell deployment and improved cell spectral efficiency. The interference management techniques in co-channel inter- and intra- cell deployments will be explored to deliver a better user experience. At RAN#59, the working assumption was reached about various aspects of the Network Assisted Interference Cancellation and Suppression. According to the approval of a study item [1]: 
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.
In the following we focus on the discussion in the small cell scenarios for Network Assisted Interference Cancellation and Suppression for LTE. We conclude that the IS/IC receivers with network assistance provides additional benefit and propose to study and evaluate IS/IC receivers in the small cell deployments.
2 Small cell scenarios for Network Assisted Interference Cancellation and Suppression for LTE
The scenarios for RAN1 evaluation of physical layer aspects of small cells enhancements were discussed in [2]. It includes scenarios: 1) Macro and outdoor small cell, co-channel deployment; 2a) Macro and outdoor small cell, separate frequency deployment; 2b) Macro and indoor small cell, separate frequency deployment, and 3) Indoor small cell only. It is recommended that all scenarios should be evaluated in the dense cases.
2.1 Macro and outdoor small cell, co-channel deployment
In [2], scenario #1 is the co-channel deployment of macro and outdoor small cell (see Fig. 2.1-1). As discussed in the previous Rel-11 working items (e.g. feICIC), it is possible that the macro cell introduces strong interference to the pico cells in hetnet environment [3]. In the macro and outdoor small cell co-channel deployment, the interference from macro cell might be more severe since the transmission power of the small cells is even smaller than that of pico cells. Moreover, the solutions adopted in feICIC such as ABS may not be suitable for small cell cases since the small cells are expected to be deployed much denser than that of pico cells. It introduces considerably more complexity to the systems for assigning the ABS as well as suffers low resource utilization. In such cases, using IC/IS receivers to mitigate the interference from the macro cell seems be a relatively simple and more spectrum-efficient approach. Thus, we suggest studying and evaluating the performance of using IC/IS receivers with network assistance in this scenario.
Detailed definition of this scenario (scenario #1) is provided below [2].
· The small cells are deployed in the presence of an overlaid macro network
· Co-channel deployment of the macro cell and small cells
· Outdoor small cell deployment
· Small cell cluster is considered

· Both ideal backhaul and non-ideal backhaul are considered for the following interfaces:
· between the small cells within the same cluster
· between a cluster of small cells and at least one macro eNB
· Non-ideal backhaul is assumed for all other interfaces
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· Figure 2.1-1: Macro and outdoor small cell, co-channel deployment
Observation 1:

In scenario #1 of [2] (the co-channel deployment of macro and outdoor small cell), it is possible that the macro eNB introduces severe interference to the small cells. However, the solution adopted in feICIC such as ABS may not be suitable for small cells because of higher complexity for assigning ABS and poorer resource utilization. Additionally, the interference of essential control channels such as PBCHs may be an even more severe potential issue. In such cases, using IC/IS receivers to mitigate the interference from the macro cell seems be a relatively simple and more resource-efficient approach.
2.2 Macro and outdoor/indoor small cell, separate frequency deployment
In [2], scenario #2a and scenario #2b are the separate frequency deployments of outdoor/indoor small cells and macro cell, respectively (see Fig. 2.2-1 and 2.2-2). In the separate frequency deployments, the system capacity of small cell networks (i.e. band F2 in fig. 2.2-1) is in general interference-limited. Thus, the interference introduced by other small cells should be properly mitigated. However, adopting conventional transmission coordination techniques (e.g. CoMP, feICIC) among small cells might be much more complicate than that among macro cells, especially in the cases of dense deployment. Moreover, to facilitate transmission coordination for the small cell eNBs, the overhead of necessary CQI feedback may also be increased and further degrade the performance. From the above discussion, we also suggest evaluating the performance of interference mitigation using IC/IS receivers with network assistance in the scenario of separate frequency deployment of macro and outdoor/indoor small cell.  In addition, macro cell may further assist IC/IS receivers in this scenario. 
The detailed definition of “Macro and outdoor small cell, separate frequency deployment” (scenario #2a) is provided below [2].
· The small cells are deployed in the presence of an overlaid macro network
· Separate frequency deployment of the macro cell and small cells
· Outdoor small cell deployment
· Small cell cluster is considered

· Both ideal backhaul and non-ideal backhaul are considered for the following interfaces:
· between the small cells within the same cluster
· between a cluster of small cells and at least one macro eNB
· Non-ideal backhaul is assumed for all other interfaces
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Figure 2.2-1: Macro and outdoor small cell, separate frequency deployment
Definition of “Macro and outdoor small cell, separate frequency deployment” (scenario #2b is) provided below.
· The small cells are deployed in the presence of an overlaid macro network
· Separate frequency deployment of the macro cell and small cells
· Indoor small cell deployment is considered
· Small cell cluster is considered

· Both ideal backhaul and non-ideal backhaul are considered for the following interfaces:
· between the small cells within the same cluster
· between a cluster of small cells and at least one macro eNB
· Non-ideal backhaul is assumed for all other interfaces
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Figure 2.2-2: Macro and indoor small cell, separate frequency deployment 
Observation 2:

In scenario #2a and #2b of [2] (separate frequency deployment of macro and outdoor/indoor small cells), the system capacity is generally limited by the interference among the small cells. Thus, the interference introduced by other small cells should be properly mitigated. Conventional transmission coordination techniques such as CoMP, feICIC may be more complicate to adopt in dense cell environment and the overhead of necessary CQI feedback may also be increased which further degrade the performance. Thus, we also suggest studying and evaluating IS/IC receivers with network assistance in these scenarios.
2.3 Indoor small cell only 
In [2], scenario 3 is the indoor small cell only deployment (see Fig. 2.3-1). Similar to 2.2, the system capacity is limited by the interference among small cells rather than the background noise in this scenario. Hence, using IC/IS receivers with network assistance to mitigate the inter-cell-interference without transmission coordination among large number of small cells is also suggested studying and evaluating in this scenario. 
Definition of this scenario (scenario #3) is provided below [2].
· Macro cell coverage is not present
· Indoor deployment scenario is considered
· Small cell cluster is considered

· Both ideal backhaul and non-ideal backhaul are considered for the following interfaces:
· between the small cells within the same cluster
· Non-ideal backhaul is assumed for all other interfaces
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Figure 2.3-1: Indoor small cell only
Observation 3:

Similar to observation 2, in scenario #3 of [2] (indoor small cells deployment), the system capacity is limited by the interference among the small cells. Thus, the interference introduced by other small cells should be properly mitigated. Conventional transmission coordination techniques such as CoMP, feICIC may be more complicate to adopt in dense cell environment and the overhead of necessary CQI feedback may also be increased which further degrade the performance. Thus, we also suggest studying and evaluating IS/IC receivers with network assistance in these scenarios.

Proposal:
Study and evaluate the performance of IS/IC receivers with network assistance in scenario #1,#2a, #2b and #3 of the small cell scenarios in [2].
3 Conclusion
In this contribution, inter-cell interference issues for the approved Rel-12 small cell scenarios [2] are discussed. Based on our observations, we think that IS/IC receivers with network assistance may have additional benefit in the aspects of complexity as well as spectrum efficiency over feICIC or other transmission coordination technique (e.g. CoMP) in small cell environments. We have the following proposals:
Proposal:
Study and evaluate the performance of IS/IC receivers with network assistance in scenario #1,#2a, #2b and #3 of the small cell scenarios in [2].
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