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1
Introduction

Currently the RAN1 NAICS study focuses on the third objective of the SID whose primarily scope is to evaluate the system-level gains and identify any physical layer changes and network signalling needed to achieve the system level gain. 
There are several questions to answer in order to assess the NAICS system benefits and system impact: 

1. What are the NAICS receiver assumptions in terms of interference characteristics? 
· The NAICS receivers related assumptions may be grouped as follows: synchronization, interference homogeneity, interference estimation.
2. How and whether these interference assumptions be made available to the UE? 
· This can happen either by (a combination of) UE blind estimation, network coordination, which can be further defined as semi-static and dynamic and (which facilitates implicit assumptions about the interference structure) and network signalling.
3. What are the resulting network operation options with respect to the solutions from previous two points?

· The network operation should facilitate NAICS operation at least according to the three agreed scenarios: intra cell and HetNet with and without non-ideal backhaul.
In the remaining of this contribution we will address these issues. 

2
NAICS receiver assumptions
RAN4 considers a wide range of receiver enhancements as part of this SI. The corresponding assumptions and complexity have been discussed to a large extent and summarized in previous RAN4 meetings [1]. The current NAICS TR [2] is also summarizing current views on scenarios, simulation assumptions and link performance results. The NAICS receivers related assumptions belong to the following main categories: synchronization, interference homogeneity, interference estimation. In the following we will briefly address these categories.
2.1 Synchronization

Several network operation elements can be grouped under the synchronization category: the actual time/frequency synchronization, the alignment of CP, and alignment of slots. While time and frequency errors need to be minimized for proper receiver operation, the main NAICS gain is supposed to be harvested under the assumption of network synchronization, which is the current assumption for NAICS operation. A similar discussion can happen for CP alignment. While in reality it is probable that different CPs configurations interact with each other, it is not envisioned that NAICS eNBs which are supposed to benefit from NAICS in a neighbourhood would comprise of different CP lengths. Slot/sub-frame level synchronization is another prerequisite in order to facilitate interference homogeneity.
Observation:

· Synchronization is a prerequisite assumption for NAICS gains. 
2.2 Interference homogeneity
Interference homogeneity refers to the availability of same interference structure in time and frequency with respect to the domain of operation of the victim UE receiver. The following assumptions impact interference homogeneity: channel of interest starting/ending symbol (for example PDSCH starting symbol), allocation information, and transmission mode. 
The way forward in [4] considers as a first priority the case of PDSCH-PDSCH interaction with same number of control channel symbols. While this would create a homogeneous interference situation, providing an upper bound for the performance, it also introduces limitations to independent cell operation, as in face of dynamic traffic it is quite likely that different cells experience different loads at certain points of time. It should be noted as well that different receivers get a different performance impact with respect to the alignment of the structure of the desired PDSCH and the interfering PDSCH. It is understood that for E-LMMSE-IRC and SLIC receivers the PDSCH alignment is less critical than in the case of CWIC receivers, as for CWIC receivers full knowledge of interfering PDSCH allocation needs to be known by the victim UE. 
It has been mentioned in [1] that the knowledge of interference presence, hence in the form of resource allocation, is needed by NAICS receivers with a high resolution, potentially at each PRB, and this information can be obtained by a combination of network signalling, network coordination, and/or by UE blind detection. Interference decoding based receivers (e.g. CWIC) require full knowledge of the interference allocation. A signalling solution for such receiver types requiring knowledge at RB level could prove to be rather costly from signalling overhead point of view. On the other hand, network coordination might require similar level of coordinated scheduling happening, for example in CoMP/eCoMP. It should be further investigated which information can be reliably acquired by blind detection at the victim UE.
Not only the knowledge of existence of interference is important, but also the structure of that interference in case it exists. Different transmission modes exhibit different interference structure as the information may undergo some form of precoding. Moreover, TMs can be CRS or DMRS based. Several TM interactions are possible: CRS-CRS based TMs, DMRS-DMRS based TMs, CRS-DMRS based TMs. The homogeneous interactions in terms of RS are perhaps not problematic as similar interference situations have been assumed when defining the performance requirements for Release 11 advanced receiver. As the CRS IC applicability is independent if the interfering TM is CRS based or DMRS based, the CRS-DMRS TM interaction seems not problematic however the reciprocal is not necessarily true. Blind detection of TM modes, or of interference presence [7], is of course preferable instead of network coordination, which could lead to major system performance loss as the potential gain of IC/IS could not overcome the loss due to reduced scheduling flexibility. 

Observations:
· PDSCH alignment is more sensitive to CWIC receivers than to E-LMMSE-IRC and SLIC receivers.

· Possibilities of signalling or blind detection of CFI of neighbouring cell should be considered 
· Providing allocation information by network coordination is similar to coordinated scheduling of CoMP/eCoMP.
· Knowledge of interfering TMs by means of UE estimation should be further investigated.
2.3 Interference estimation

By interference estimation we can understand parameterization needed to estimate the interference structure. Here the discussion splits with respect to the nature of the interferer, i.e. depending or DMRS or CRS based TMs of the interferers. In addition, interference decoding based receivers (e.g. CWIC) require full knowledge of the interferer’s MCS allocation and RNTI, while for example symbol based IC receivers could obtain the modulation information either blindly [7]
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[8] or through signalling. However, even for CRS and DMRS there are some common parameters which the UE needs access to in order to perform interference estimation: the cell ID, the number of CRS ports, rank information. In case the interferer is using a CRS TM, one needs at victim UE information on PMI and data RE to CRS EPRE ratio. For DMRS interference one needs 
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if different from cell ID. Most of these parameters are not available to the UE as such and therefore need to be obtained by signalling. The signalling can be either done dynamically leaving full flexibility to the network, or semi-static putting some operation and scheduling limitations to the network.
Observation:

· Most of the interference estimation parameters need to be obtained by (potentially semi-static) signalling.
3
Impact on network operation
In order to better understand the flow of information between eNBs and its sensitivity to backhaul delay, the eCoMP characterized the information in two groups. Group 1 type of information is considered valid for a longer period than the backhaul delay and hence may be provided from a different node. Group 2 type of information is considered valid for a period shorter than the backhaul delay which must be derived at the serving node. Following the eCoMP principles, the following categorization can be assumed for NAICS:
Group1: Cell ID, number of antenna ports, BW, MBSFN configuration, CP length, CSI-RS, P_B
Group2: CFI, RB allocation, MCS, HARQ RV, PMI/RI, DMRS ID, nSCID, P_A 
It should be noted that current specification contains already information related to FeICIC, hence most of the Group 1 components are available through signalling. 
Depending on the UE receiver type, the information contained in Groups 1 and 2 is more or less relevant. For example symbol-based receivers like E-LMMSE-IRC, SLIC, and (R)-ML might not need some of the Group 2 information or it might be sufficient to use blind detection for the required ones. On the other hand, receivers relying on interference detection and decoding like CWIC assume that parameters like modulation order, PDSCH allocation, MCS, RNTI, HARQ, i.e. most of the Group 2 information, is needed. It should be further discussed which Group 2 parameters can be assumed as being part of Group 1 due to network coordination and semi-static configuration.. Such assumption would imply that configuration of NAICS interference is done in a centralized manner, however the operation itself can be non-centralized. If CoMP/eCoMP coordination mechanisms are embraced by NAICS, they can enable further degree of IC/IS. We would like to note that NAICS may have the potential to enable IC/IS in distributed fashion. Such a solution needs to rely more on semi-static signalling and UE blind detection operations as the dynamic signalling and tight network coordination are not easily possible.  
Observation:
· There are similarities between the eCoMP and NAICS sensitivity to non-ideal backhaul.
· CoMP/eCoMP coordination mechanisms could enable selected NAICS implementations.
Throughout the above NAICS discussion several different alternatives for network and receiver architectures have been discussed: 1. Network coordination can be localized or distributed. 2. NAICS receivers range from low signalling/coordination needs (E-LMMSE-IRC, (R)-ML, SLIC, WLMMSE) to higher assistance information needs (CWIC). 3. CRS and DMRS modes could benefit from improved IC/IS. 
In the following we attempt to categorize NAICS required information with respect to different network operation modes. The NAICS receiver assumptions should be seen as building blocks which can be applied (or not) by different network operations. Hence the final network operation solution is perhaps not purely distributed, coordinated or centralized, but a mix of building blocks making the NAICS feature versatile and widely applicable. 
Synchronization is a pre-requisite assumption for NAICS operation modes, at least based on the current level of understanding from RAN4. In addition, legacy signalling, for example from eFeICIC should be leveraged by NAICS operation, for example the cell ID and number of CRS ports signalling is already available.
The following NAICS operation modes differentiate essentially by the way in which the interference homogeneity and estimation is facilitated to the UE receiver. Naturally, some of these operation modes differentiate also between different receiver architectures.
Distributed NAICS would be robust to non-ideal backhaul and to some extent a more UE centric approach.
· Interference homogeneity can be facilitated mainly by UE blind estimation, for example the possibility of interference and TM detection is currently under investigation [7][8].
· Interference estimation might imply further UE blind estimation, for example of rank in DMRS modes. However it is expected that other interferers’ parameterization like PMI information for CRS modes, data RE to CRS EPRE ratio, etc needs signalling support or further investigation if UE blind estimation is feasible.
· Distributed NAICS could rely to some extent on UE blind estimation of interferer’s parameters. On the other hand semi-static signalling including existing signalling can be utilized. Such network operation is more feasible to symbol based receivers (such as SLIC and (R)-ML) which do not require decoding of the interferer’s structure. Distributed NAICS would fit to all considered NAICS scenarios.
Different types of coordinated and more signalling extensive NAICS could be envisioned, depending on the degree of coordination and signalling involved. 
Coordinated NAICS would lean towards more network coordination, however this would be sensitive to non-ideal backhaul.
· Interference homogeneity can be facilitated through network coordination which can, for example, align the channels of interest and TMs in some form of coordinated scheduling. 
· Interference estimation can be also helped by network coordination alleviating the need of increased signalling. In such a case the UE would implicitly assume that interferers’ conditions are favourable for IC/IS in particular situations.
· Coordinated NAICS is the least desirable choice if excessive coordination is involved, which is penalizing the scheduling flexibility envisioned for typical network operation. While applicable in NAICS scenario 2a which assumes non-ideal backhaul, the more static coordination approach could penalize system performance. In terms of receivers support, this network operation is feasible for symbol based receivers but not too attractive for CWIC (which requires coordination of more parameters which are typically changing more dynamically). In coordinated NAICS the UE would mostly assume, and not need to blind detect the interferers’ characteristics that are coordinated.  
Signalling intensive NAICS would imply more signalling instead of relying much on UE blind detection and coordination.
· Interference homogeneity can be facilitated through signalling; however it can be a heavy price, for example to signal allocation information and TMs.
· Interference estimation can be obtained through making use of semi-static and dynamic signalling.
· A signalling extensive NAICS would offer full flexibility in terms of receiver utilization; however it seems a prohibitive choice with respect to network operation. It is also sensitive to non-ideal network backhaul and hence impacts the reliability of the signalling itself. Such a solution would support also the CWIC type of receivers, however network coordination would be required as well in order to facilitate effective CWIC operation.  
The investigated receivers which got the most attention: E-LMMSE-IRC, SLIC, (R)-ML, CWIC have different interference information requirements and hence can fit to different types of network operation. For example, if NAICS is envisioned to operate in a distributed fashion, E-LMMSE-IRC, SLIC, or (R)-ML type of receivers are a good solution. This includes application to NAICS scenario 2a which relies on non-ideal backhaul. It should be noted that these are the receivers prioritized higher than other NAICS receivers for system simulations in RAN1#74bis. Solutions relying on more network coordination and signalling require NAICS scenarios 2a and 2b which have different backhaul constraints. In any case it is hard to envision that NAICS would be operated purely within the categories outlined above, for example by alleviating some of the signalling or network coordination demands by assuming the UE can estimate some of the required information. 
Proposal:

· Strive for distributed NAICS operation.

4
Conclusions

In this contribution we have addressed several important questions related to the impact of NAICS operation with respect to the system and UE. The balanced system operation in terms of IC/IS envisioned initially by the NAICS study is possible provided that tradeoffs are taken by both UE and network, however this should be further confirmed by system performance vs. network operation burden. 
Observations:

· Synchronization is a prerequisite assumption for NAICS gains, at least according to current RAN4 studies.

· Existing signalling and coordination mechanisms could enable selected NAICS implementations. 
Proposal: 

· Strive for distributed NAICS operation.
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