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1. Introduction

In the last RAN1 #74bis meeting, issues on system level modeling methodology were mainly discussed and the following agreements were reached. 
· System level modelling methodology

· Company should provide detailed model when providing system simulation results.

· Including possible validation results on the used model.
· Capture the options of modelling methodology in TR36.866.
· The performance impact of blind estimation should be taken into account  when blind detection is assumed by receivers.

· Blind parameter detection feasibility and performance degradation modeling can be part of the system modeling (to be described in detail per proposal-1 above) , take into account any RAN4 input
· Network signaling/coordination

· Continue to study the tradeoffs between performance gain, robustness, and signalling/coordination complexity, with (RAN1) focus on signaling/ coordination feasibility (including any spec impact) and system level performance impact from scheduling constraint
· We should strive to converge one common methodologies for each type as much as possible
Based on the above agreement, here, we focus on feasible network coordination and signalling for interference parameters. In section 2, we discuss possible network coordination and its benefits. Considering non-ideal backhaul scenarios, in the first place, we focus on semi-static network coordination. In section 3, we consider a few signaling methods based on whether interference parameters are signaled from a serving cell or from an interfering cell.
2. Network coordination
NAICS UE requires a variety of interference parameters to perform interference cancellation or suppression and types of required parameters depend on receiver types and transmission mode of interference [1,2]. In general, with the following three ways NAICS UE identifies those parameters: signaling, blind detection, and network coordination. In this section, we focus on possible network coordination. Given that signaling all required parameters could lead to too much standardization efforts and signaling overhead, and blind detection for all parameters can incur NAICS performance degradation according to its reliability, it seems useful to let the UE assumes those parameters or set of available values for them through network coordination. In other words, by taking advantage of network coordination for some interference parameters, signaling burden can decrease and BD reliability can increase.
Before discussing detail schemes of network coordination, we need to consider the fact that backhaul delay influences how tightly network coordination can be done. In other words, under non-ideal backhaul assumption, only semi-static network coordination is feasible but under ideal backhaul link, dynamic coordination is possible. In this contribution, we consider the following network coordination under non-ideal backhaul assumption.
One way of semi-static network coordination is to limit time resources in which NAICS is applied [3]. In a similar way that semi-static ABS subframe pattern is introduced in Rel-10 for interference cancellation, network shares a certain subframe pattern, which we call NAICS subframe pattern, and schedules NAICS UE only in those subframes. It leads to somewhat scheduling restriction but reduces signaling burden and increases BD reliability by taking advantage of further network coordination in the NAICS subframes as follows: coordination on interference TM, the number of interference layers, or interference modulation order, etc. We briefly explain those network coordination in the following paragraphs.

Firstly, we can consider network coordination on interference TM by further dividing NAICS subframes into two groups; one is for TM 4 interference and the other is for TM 9 interference. Since TM of interfering cell is predetermined based on this subframe pattern, the UE does not need to conduct blind detection for interference TM or to receive interference TM information. 

Secondly, the number of interference layers can be limited in NAICS subframes to ensure that the UE cancels the interference accurately. It is critical for NAICS performance whether or not UE cancels the interference accurately in that incorrect interference canceling can boost interference power. For correct interference canceling, spatial domain degree of freedom at the UE needs to be considered. In other words, the number of interference layers needs to be at most ‘the number of Rx antennas – the number of desired signal layers’, which means remaining DoF not used for desired signal reception. To restrict the number of interference layers in this way, dynamic network coordination may be required. In non-ideal backhaul case, the maximum number of interference layers in NAICS subframe can be limited to one or two. FFS on the maximum number of interference layers is needed.

Thirdly, available interference modulation order can be restricted in NAICS subframes. In general, interference channel strength is weaker than desired channel strength when UE is not in CRE region. Also, modulation order of desired signal is likely to be higher than interference since it is determined by taking into account the effect of interference mitigation by a NAICS receiver. Therefore, the UE, especially for the UE out of CRE region, may be able to cancel the interference more effectively if interference modulation order is limited to at most desired signal modulation order. This restriction may require dynamic network coordination so in non-ideal backhaul case interference modulation order in NAICS subframe can be limited to QPSK or maximum 16QAM. FFS on the maximum interference modulation order is needed.
Proposal 1: Network coordination should be considered to reduce signaling burden and increase BD reliability. The semi-static coordination on time resources such as NAICS subframe pattern can be adopted. 
3. Signaling

In section 2, we discussed possible network coordination to reduce a signaling burden on interference parameters for supporting a NAICS UE. However, network coordination for all interference parameters might incur too many scheduling restrictions on interfering cells, probably resulting in non-negligible performance degradation of the interfering cells. For this reason, it is worthwhile to consider signaling for some interference parameters. One discussion point regarding signaling is that which eNB will provide the parameters for the NAICS UE. Semi-static interference parameters can be signaled by RRC signaling from serving cell. On the other hand, the remaining parameters need to be dynamically signaled by DCI from either serving or interfering cell. In the rest of sections, we discuss the dynamic signaling methods.
3.1. Signaling from serving cell
Since a control channel is already established between a NAICS UE and its serving cell, it is natural for interference parameters to be signaled from the serving cell. However, information exchange can be restricted by backhaul assumptions for some cases. For example, in NAICS scenario 1 and 2a, all inter-site coordination is subject to the non-ideal backhaul latency, which means that interference parameters to be shared with a NAICS UE should be determined as much earlier as at least backhaul latency. Obviously, it can result in scheduling restriction on interfering cells and performance degradation of the interfering cells.
3.2. Signaling from interfering cell
As proposed in [4], interference parameters can be directly given from interfering cell to a NAICS UE. If DCI from interfering cell can be decoded not only by its served UE but also by the NAICS UE, then the NAICS UE can obtain interference parameters without additional resource usage. Also, as interfering cell directly signals interference parameters to NAICS UE, it could be free from such scheduling restriction caused by backhaul latency as we mentioned in section 3.1. 

One way to support signaling from interfering cell is that a new C-RNTI is introduced, which is reserved for NAICS and which we call NAICS C-RNTI. To decode DCI from interfering cell, the NAICS UE has to know the search space and the CRC masking corresponding to the DCI. Since, in Rel-11, they are determined with C-RNTI of a scheduled UE, the NAICS UE cannot decode it unless knowing the C-RNTI. However, by using this NAICS C-RNTI, DCI from interfering cell can be decoded by the NAICS UE and interfering cell’s Rel-12 UEs. To be specific, a Rel-12 eNB defines the UE-specific search space for PDCCH and conducts the CRC masking of DCI with using NAICS C-RNTI. Then the NAICS UE performs a blind decoding for the DCI from the interfering cell with using NAICS C-RNTI that is given by RRC signaling. Note that more than one NAICS C-RNTI can be defined to support multiple NAICS UEs if they are needed.

While we introduce NAICS C-RNTI as above to define the search space and the CRC masking for NAICS, there is another way to support signaling from interfering cell, which is that some information can be given to the NAICS UE by its serving cell in order for the UE to decode the DCI from interfering cell. In other words, the DCI from interfering cell is constructed by using the C-RNTI of interfering cell’s UE in the same way as Rel-11 and serving cell provides some required information (e.g., search space, C-RNTI of interfering cell’s UE, etc) to allow the NAICS UE to decode DCI from interfering cell. Also, signaling interference parameters via EPDCCH from a interfering cell can be considered as proposed in [5].
Proposal 2: Signaling for some parameters should be considered. Determining what parameters are signaled is FFS, which should be decided with consideration of the trade-off between performance and complexity/overhead. 
Proposal 3: For parameters to be signaled dynamically, signaling from interfering cell would be preferable rather than from serving cell considering the non-ideal backhaul latency. The way to support signaling from interfering cell is FFS. 
4. Conclusion
In this contribution, we discussed a few consideration points on network coordination and signaling for NAICS. Based on the discussion, we made the following proposals:
Proposal 1: Network coordination should be considered to reduce signaling burden and increase BD reliability. The semi-static coordination on time resources such as NAICS subframe pattern can be adopted. 
Proposal 2: Signaling for some parameters should be considered. Determining what parameters are signaled is FFS, which should be decided with consideration of the trade-off between performance and complexity/overhead. 
Proposal 3: For parameters to be signaled dynamically, signaling from interfering cell would be preferable rather than from serving cell considering the non-ideal backhaul latency. The way to support signaling from interfering cell is FFS. 
______________________________________________________________________
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