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1. Introduction
A new study item [1] on Network Assisted Interference Cancellation and Suppression (NAICS) has been approved with the overall objective of evaluating potential gains, complexity and feasibility of UE IS/IC receivers to mitigate co-channel inter-/intra-cell interference resulting from physical layer control and data channel transmissions. This study item mainly involves RAN1 and RAN4 where Figure 1 indicates the main tasks and objectives of each WG as well as the interaction between the WGs.
In the first step (Step 1), RAN1 is expected to identify deployment scenarios and inter-/intra cell interference conditions for evaluating IS/IC 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.
Interference conditions that UEs may need to take into account to efficiently cancel/suppress interference can be anticipated to depend on many aspects that may refer to both certain deployment scenarios and how the network is operated. One can e.g. expect interference conditions in homogeneous networks to differ from what can be observed in heterogeneous networks and depend on traffic behavior and on how dense eNBs are deployed and whether eNB transmissions across cells are synchronized or not. One can also anticipate that interference conditions in deployments with legacy carrier type to differ from what can be observed with new carrier type (NCT). Which interference conditions UEs need to take into account would depend on the IS/IC reference receiver design. 
In this contribution we focus on deployment scenarios in the context of co-channel interference scenarios arising from homogeneous and heterogeneous networks whereas in the companion contribution [2] interference conditions related to network operations are further discussed.
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Figure 1 Main objective for RAN1 and RAN4, and the interaction between the working groups.
2. Discussion – Deployment scenarios
According to the SID [1], “the study should take into account the co-channel interference scenarios arising from homogeneous and heterogeneous networks including small-cell related WI/SI in Rel-12.” With this as a starting point, the NAICS study should at least include one homogeneous network with dense macro/micro cells and one heterogeneous network with macro and pico cells in which NAICS can be expected to be beneficial. In general, UEs with IS/IC receivers could improve their reception in any deployment scenario where performance is limited by inter/intra-cell interference but is foreseen to be most beneficial in low geometry scenarios and where UEs face a few dominating interferers at the same time. Deployment scenarios to be part of a study should not be tailored to a certain feature; rather they should represent deployments that are expected to be common in future.
2.1. Co-channel interference arising from homogeneous networks
Homogeneous networks where macro cells are deployed with an ISD of 500m have often been considered in 3GPP studies, as representing “typical” deployment scenarios in urban areas of today’s cellular networks. However, in order to meet future capacity needs and high bitrate expectations, densifications of macro networks in combinations with small cells are foreseen to be common deployments in the future, where NAICS receivers are anticipated to have the possibility to provide significant performance gains. We here propose to consider dense macro deployments with ISD of 200m and based on ITU urban macro propagation [4].
Proposal 1: Prioritize co-channel interference scenarios arising from homogeneous networks of a dense macro deployment with an ISD of 200m and based on ITU urban macro propagation
In the small cell enhancement SI, clustered small cell deployments with and without an overlaid macro network are to be considered [5], where the small cells are either deployed on the same or a separate frequency as the macro layer. Although not strictly classified as homogeneous networks the following deployments could be seen as co-channel interference scenarios arising from homogeneous networks
· Clustered outdoor/indoor PeNB deployments with macro-pico layers on separate non-adjacent frequencies, corresponding to Scenario 2a (outdoor) and Scenario 2b (indoor),
· Clustered indoor PeNB deployments without an overlaid macro network, corresponding to Scenario 3 [5].
In the Scenarios 2a and 2b, co-channel interference is either related to the pico layer or to the macro layer depending on which layer is serving the UE whereas in Scenario 3 there is only a pico layer and the UE is either out of coverage or within a cluster of pico cells. In the dense clustered scenarios several (4 or 8) PeNBs are dropped randomly within a hotspot and with a minimum ISD of 20m. Referring to these SCE scenarios we propose the following
Proposal 2: Consider to study co-channel interference scenarios arising from homogeneous networks with a clustered (outdoor) pico layer deployed on a separate frequency
2.2. Co-channel interference arising from heterogeneous networks
Heterogeneous networks where pico cells are overlaid by a macro network have in the past been extensively studied by RAN1 in the context of eICIC/FeICIC and CoMP [3]
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[4], and are also considered in small cell enhancements [5]. During these work, a vast number of heterogeneous deployment scenarios have been modeled for 3GPP evaluations by taking into aspects such as radio propagation conditions, sparse or clustered pico deployments, PeNB output powers, antenna configurations and patterns, traffic hotspot and UE dropping models, fraction of indoor UEs, macro-pico layers on same or separate frequencies. For these deployments, the following scenarios could be seen as co-channel interference scenarios arising from heterogeneous networks
· Non-clustered outdoor PeNB deployments with macro-pico layers on same frequency, i.e. heterogeneous networks as in Rel-11 FeICIC and CoMP evaluation

· Clustered outdoor PeNB deployments with macro-pico layers on same frequency (SCE Scenario 1)
In the non-clustered pico deployment, dominant co-channel interference would mainly be seen from the macro layer whereas in the clustered scenario dominant interference could be seen from both layers in a high loaded system.
In the Rel-11 prioritized deployment scenarios with non-clustered outdoor PeNB deployments and macro-pico layers on same frequency four PeNBs were typically deployed (randomly) within a macro cell area and UEs were either dropped uniformly or in the vicinity of the PeNBs to model traffic hotspots. Here, dominant interference was in particular pronounced from macro cells when considering larger handover biases for macro off-loading. The new SCE related co-channel interference scenarios would evidently introduce more inter-pico cell interference when PeNBs are deployed in clusters. In comparisons with the Rel-11 deployment scenarios one could anticipate for the SCE clustered scenario that the number of dominant interferers increases at high system loads and UEs would face more inter-cell interference originating from high rank transmissions in scenarios with lower system loads. 
In the case of co-channel interference scenarios arising from heterogeneous networks, we propose the following
Proposal 3: Prioritize co-channel interference scenarios arising from Rel-11 heterogeneous networks with a non-clustered outdoor PeNB deployment overlaid by a macro network with ISD of 500m
Proposal 4: FFS if to consider co-channel interference scenarios arising from SCE Scenario 1 with a clustered outdoor PeNB deployment overlaid by a macro network and with macro-pico layers on the same frequency
2.3. Co-channel interference arising from intra-cell scenarios
When considering intra-cell scenarios, co-channel interference may arise from the serving point or non-serving points. One example of the former is when classical MU-MIMO is performed within a cell and the cell corresponds to a single point. An example of the latter is when the three points of a site correspond to a single cell and where interference is coming from the two points from that do not transmit the PDSCH to the UE of interest.
Proposal 4b: NAICS studies shall consider the possibility to map a cell to multiple transmission points; an example would be to use the same cell to cover the three points of a site
2.4. NAICS and network based transmission/scheduling coordination techniques

Techniques on the network side to improve reception quality by coordinating eNB transmissions/scheduling have been developed within the work of eICIC and CoMP. These types of network operations would impact the interference conditions for NAICS evaluations as well as the gains with NAICS. As a baseline, performance evaluations on NAICS should be conducted under an assumption of no eNB transmission/scheduling coordination.
Proposal 5: As baseline, NAICS studies without eNB transmission/scheduling coordination
It could however be of interest to make some performance comparisons between networks centric vs. UEs centric interference mitigation for the heterogeneous deployment scenarios (e.g. do they compete or complement each other). It could also be of interest to investigate potential benefits of operating NAICS in conjunction with network based transmission/scheduling coordination techniques.
Proposal 6: Consider system performance comparisons with network based interference mitigation techniques in the heterogeneous deployment scenarios
2.5. Traffic models

Interference conditions in terms of number of dominant dynamic interferers seen by the UE within a subframe would very much depend on the traffic loads in the system. For example, in scenarios with a dense network and considering 100% load in the system a UE would frequently face many dominant interferers at the same time whereas in cases with low-to-medium loads it would mostly face a few dominant interferers. Thus, we propose to only consider non-full buffer traffic models in the NAICS evaluations.
Proposal 7: Use the non-full buffer FTP model 1 in all system evaluations
2.6. CRS interference modeling
In performance evaluations of NAICS the impact of CRS interference, if present, should be taken into account in co-channel interference scenarios arising from both homogeneous and heterogeneous networks. The inter-cell interference from CRS should account for scenarios with both shifted and non-shifted CRS.
Proposal 8: CRS interference shall be modeled or if not present NCT would implicitly be assumed
In the FeICIC work the macro layer was planned whereas the pico layer was assumed to be unplanned with cell IDs randomly selected. A similar approach could be adopted for the NAICS evaluations as well.
2.7. Network synchronization

The NAICS is anticipated to be able to provide performance gains in both synchronized and unsynchronized networks. If downlink transmissions across cells can be assumed to be time synchronized or not would however impact both the interference conditions and the RAN4 reference receiver design. From a RAN1system performance study perspective we propose to prioritize evaluations assuming synchronized network.
Proposal 9: In RAN1, prioritize system performance evaluations based on network synchronization
3. Conclusion

In this contribution, we discussed deployment scenarios/aspects to be considered in the evaluations of NAICS. The following proposals were made:
Proposal 1: Prioritize co-channel interference scenarios arising from homogeneous networks of a dense macro deployment with an ISD of 200m and based on ITU urban macro propagation
Proposal 2: Consider to study co-channel interference scenarios arising from homogeneous networks with a clustered (outdoor) pico layer deployed on a separate frequency
Proposal 3: Prioritize co-channel interference scenarios arising from Rel-11 heterogeneous networks with a non-clustered outdoor PeNB deployment overlaid by a macro network with ISD of 500m
Proposal 4: FFS if to consider co-channel interference scenarios arising from SCE Scenario 1 with a clustered outdoor PeNB deployment overlaid by a macro network and with macro-pico layers on the same frequency

Proposal 4b: NAICS studies shall consider the possibility to map a cell to multiple transmission points; an example would be to use the same cell to cover the three points of a site

Proposal 5: As baseline, NAICS studies without eNB transmission/scheduling coordination
Proposal 6: Consider system performance comparisons with network based interference mitigation techniques in the heterogeneous deployment scenarios
Proposal 7: Use the non-full buffer FTP model 1 in all system evaluations

Proposal 8: CRS interference shall be modeled or if not present NCT would implicitly be assumed

Proposal 9: In RAN1, prioritize system performance evaluations based on network synchronization
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