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1. Introduction

In the last RAN1 #75 meeting, issues on network coordination/signaling and possible spec impact were mainly discussed and the following agreements were reached. 

· Compared to requiring NAICS receivers to detect all interference parameters,  some network signalling/coordination can be beneficial for reducing receiver complexity and/or improve performance with increased robustness under intra-cell and inter-cell interference scenario
· The transmission parameters that can be considered for signalling and that for receiver detection are FFS
· Note that assistance signalling can be different from transmission parameters

· Some transmission parameters may be detected or corresponding signalling of those parameters may be introduced
· Such assistance signalling may use higher layers regardless of whether the associated transmission parameter is higher-layer configured or dynamic
· Some dynamic assistance signalling can be considered if sufficient system-level gain is shown, and some dynamic parameters may be coordinated, but with scheduling constraint, or detected or signalled or a combination of the three

· Other deployment related parameters may be coordinated or detected.
· Semi-static coordination signalling or coordination is suited for non-ideal backhaul 
· Dynamic coordination may be feasible only under ideal backhaul
· Other potential PHY impact needs further study (e.g., CSI feedback)
Based on the above agreement, we discuss feasibility and performance impact of network coordination for interference parameters. 

2. Network coordination
A UE with NAICS capability 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. In general, with the following ways victim UEs can identify those parameters: signaling, blind detection, and network coordination. In this section, we discuss various aspects of possible network coordination for interference parameters and its performance impact. 

2.1. Interfering PDSCH starting symbol

It was agreed that PDCCH region alignment is the first priority of the study item for NAICS [1]. However, PDCCH regions may change on subframe basis in order to support flexible scheduling of cells. If a victim UE makes a wrong decision on an interfering PDSCH starting symbol, it can suffer from the undesirable performance degradation.

As one of possible approaches, semi-static signaling for interfering PDSCH starting symbol can be feasible with network coordination which may impose slight constraints to network operation. Alternatively, it may be beneficial for a victim UE, except codeword level IC receivers, to assume the number of PDCCH symbols from interfering cells as a maximum value. By virtue of the UE’s conservative assumption, at least interference boosting will be prevented, which can occur when the UE performs NAICS on the interfering cell’s PDCCH symbols under the wrong assumption that they are the interfering cell’s PDSCH symbols.
Proposal 1: Semi-static signaling for interfering PDSCH starting symbol with network coordination should be considered with priority. 
2.2. Restriction on 
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To determine the ratio of interfering PDSCH EPRE to RS EPRE, a victim UE requires 
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 which can be obtained either by signaling or blind detection. Due to the granularity of the power boosting factor (e.g., 
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), it seems that reliable estimation of 
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 is quite difficult [2]. 
It is possible to consider that 1) only a reduced set of 
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 values [2], [3] or 2) only one value among 
[image: image6.wmf]A

P

 values is given to a victim UE with RRC signaling. Both restrictions can reduce signaling overhead compared to dynamic signaling without any network coordination. The former restriction can provide a reduction of blind detection hypotheses and would also improve the detection reliability. However,  it is unclear whether or not power allocation flexibility coming from a subset of 
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 provides a benefit of performance. Hence, we think that it seems desirable to consider a restriction of 
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 to only one value and semi-static signaling rather than a subset for
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 unless its benefit is clear. 
Proposal 2: A restriction of 
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 with semi-static network coordination should be considered and single value restriction is desirable.
2.3. Distributed resource allocation

When a RB pair assigned to a victim UE is also scheduled by an interfering cell in the distributed manner (i.e., downlink resource allocation type 2), there will be differences of interference parameters between the first and second time slots during the subframe. So, the victim UE may check a resource allocation type of interfering PDSCH at the scheduled RB pair and may perform NAICS on slot basis with interference parameters for each slot. If signaling for several interference parameters, coordination for which is not appropriate, is introduced such as alternative 1 in our companion contribution [4], it should be given to the victim UE on slot basis, which increases signaling overhead at most double. One simple way to address this is that the interfering cell provides interference parameters for only one of the two slots and the victim UE figures out those for the other slot through VRB to PRB mapping according to gap value and bandwidth.

Particularly in a system with bandwidths more than 50 RBs, the distributed resource allocation makes use of two kinds of gap values so the UE cannot know the mapping of virtual RBs onto physical RBs unless knowing which gap values to be used by interfering eNBs. Thus, a restriction to use only one gap value can be established by network coordination among cells and the gap value can be signaled semi-statically by serving cell. Once the UE obtains interference parameters of one slot, those of other slot can be inferred by using the signaled gap value. With the coordination and semi-static signaling to use one gap value, overhead for dynamic signaling of some interference parameters can be reduced since those parameters needs to be signaled only for one slot. 

Proposal 3: For the distributed resource allocation, one gap value should be selected by network coordination and signaled semi-statically by serving cell for a system with bandwidths more than 50 RBs.
2.4. Restriction on interference layers
The number of interference layers can be limited 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 degrees of freedom (DoF) at the UE need to be considered. In other words, it is desirable to limit the number of interference layers considering the remaining DoF which are not used for desired signal reception, i.e., ‘the number of Rx antennas – the number of desired signal layers’. In non-ideal backhaul case, dynamic network coordination to restrict the number of interference layers in this way is not feasible so the maximum number of interference layers can be limited to one or two in semi-static manner. Further study is needed on the maximum number of interference layers.

Proposal 4: Network coordination to restrict the number of interference layers should be considered. 
2.5. NAICS resource configuration
To overcome the scheduling restriction due to network coordination as mentioned above and minimize the corresponding performance impact, one way of semi-static network coordination is to limit time and frequency resources in which NAICS is applied [5]. In a similar way that semi-static ABS subframe pattern is introduced in Rel-10 for interference cancellation, network shares certain time/frequency resources, which we call NAICS resources, and schedules UEs with NAICS capability only in those time/frequency resources with above restrictions (e.g., restrictions on PDSCH starting symbol, 
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, gap value, and the number of interference layers). We believe that the scheduling restriction to UEs which belong to interfering cells will be reduced if NAICS resource configuration is defined. This is because that interfering cells will schedule UEs without any restriction for non-NAICS resources and restrictions due to network coordination as mentioned above will be imposed only for NAICS resources. 
Proposal 5: To mitigate the scheduling constraints by semi-static network coordination, time/frequency resource allocation where coordination is applied should be further considered.

3. Conclusion
In this contribution, we discussed a few approaches on network coordination for NAICS. Based on the discussion, we made the following proposals:

Proposal 1: Semi-static signaling for interfering PDSCH starting symbol with network coordination should be considered with priority. 

Proposal 2: A restriction of 
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 with semi-static network coordination should be considered and single value restriction is desirable.
Proposal 3: For the distributed resource allocation, one gap value should be selected by network coordination and signaled semi-statically by serving cell for a system with bandwidths more than 50 RBs.
Proposal 4: Network coordination to restrict the number of interference layers should be considered. 
Proposal 5: To mitigate the scheduling constraints by semi-static network coordination, time/frequency resource allocation where coordination is applied should be further considered.
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