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Introduction
One of the objectives in the Study Item for Network-Assisted Interference Cancellation and Suppression (NAICS) for LTE [1] is to study between gains and signalling/coordination complexity. In RAN4, many receivers have been investigated and many parameters are claimed to be useful as side information. Some of the parameters can be estimated blindly, while some of them require signalling or some form of coordination. Therefore, further study is required on what parameters could be blindly estimated and when signalling will be beneficial with/without network coordination to reduce signalling overhead. In the following, we provide our views on signalling and coordination requirements and provide a framework for easing signalling/coordination and blindly estimating some network parameters for NAICS receivers.
Network Parameter Coordination/Signalling
LTE standard defines several different TMs which can be configured on per user basis. Furthermore, due to Cell-ID specific shift of pilot tone positions, pilot (data) tones of serving eNodeB may or may not overlap with pilot (data) tones of interfering eNodeB. The standard also in general does not require FDD LTE eNodeBs to be synchronized in time, hence interference measured on pilots may include contribution of both pilot and data tones of interfering eNodeBs. Very few combinations of TMs of interfered and interfering users allow for meaningful interference suppression processing at the interfered user receiver. In RAN4, many receivers have been investigated and many parameters are claimed to be useful as side information. Some of the parameters can be estimated blindly, while some of them require signalling or some form of coordination.
At this stage of the SI, most companies agree to consider the synchronous network deployment as the baseline assumption with modelling time or frequency offset. In the asynchronous case the gains would likely drop and the UE implementation complexity would be more. MMSE/MMSE-IRC receivers are more robust to asynchronous case and in order to realize the NAICS receiver gains over these receivers synchronization or some form of coordination could be useful.
Further in a synchronous deployment, assuming a UE with single FFT, subframe or slot alignment for the serving and interfering cells would definitely simplifies the UE implementation algorithms and improve the NAICS receiver performance. However, this could only be achieved with some burden to the network with coordination. 
Network coordination can also be helpful in aligning the PDSCH and/or PDCCH of serving and interfering cells. The interference characteristics on overlapped REs by PDCCH would be different from other REs overlapped by PDSCH due to the different resource mapping of PDCCH, the transmission power, and transmission scheme. Currently, the working assumption in the study item phase is that the interfering and serving cells have the same length PDCCH. In the real world, this could be a restriction on the scheduling of the transmitters; however, it can be guaranteed opportunistically. 
For many of the NAICS receivers that explicitly decode and cancel the interfering PDSCH, they also require information on TM modes, their RS related parameters (such as cell id, PMI/RI, number of CRS or DMRS ports, …), and/or resource allocation in order to estimate the interfering channels. It is also very likely that the interfering signals are not the same and the receiver ends up with interference from mixed CRS and DMRS based TMs. Therefore, it is required that the network tries to either coordinate some parameters (to avoid some undesirable situations) or the information is provided by network signalling or blindly detection by UE. It is foreseen that the signalling for providing the required information is too expensive and the performance of blind decoding for estimating most parameters should not be enough. The best option seems to be some restriction and coordination on the network side for example by aligning the resources to reduce the signalling overhead, improve the performance of the blind estimation, and/or simplify the blind estimation.
Similar to TM information, different NAICS receivers perform differently when they have access to modulation order, MCS or HARQ information. Similarly network coordination and/or restriction on resources either deterministic or opportunistically may provide simpler and more beneficial solution. 
Network Assisted Interference Suppression Framework
The serving and interfering transmitters may collaborate in their scheduling and may optimize their transmission schemes for interference coordination. Such coordination could be in the form of scheduling optimization, resource alignment, transmission power, or any other network parameter. This coordination and collaboration can reduce the signalling required to provide the side information for the UEs with advanced receiver or make it easier for blind estimation of the side information more accurately.
The Almost Blank Subframe (ABS) framework for eICIC is envisioned as an interference management technique introduced in LTE Rel-10 in a form of a subframe resource give-away from the dominant interfering cell so that an “interference-free-tunnel” of communication can be established between the serving cell and the UE. The same technique can be extended to enable an interference coordination (IC) time or frequency zone which can be coordinated within the transmitter cluster. 
The existing signalling of the ABS framework can be extended to enable, disable, and schedule the IC time/frequency zone, coordinate transmission parameters for the IC time/frequency zone, and signal the IC time/frequency zone to the UE. The coordination includes controlled transmission by transmitters (rather than ABS) to optimize interference reduction among different nodes. This may include power setting, parameter optimization, joint scheduling, and etc. The coordination can be enabled by efficient interference listening among transmitters or by feedback from users.
Interference Suppression Restricted Resource Subframe
In order to control the interference and provide the required side information for the NAICS receivers, the interfering transmitters can participate in collaboration procedure and try to coordinate and or restrict the transmission on their transmitted subframes according to a certain pattern.



[bookmark: _Ref368053444]Figure 1: Illustration of Collaborating Transmitters

Figure 1 shows an illustration of collaborating transmitters. Using higher layer signalling similar pattern to ABS the transmitters can coordinate scheduling and they can coordinate or fix an interference suppression restricted resource subframe pattern. This pattern can be applied periodically to the transmitters’ PDSCH.




 
 

 
 
 
 

 
 
 
 
 
Interference Suppression Restricted Resource

[bookmark: _Ref368056101]Figure 2: Interference Suppression Restricted Resource Subframe

Figure 2 illustrates an example of interference suppression restricted resource subframe. In the figure, the restricted resources among two transmitters are aligned. However, it should be mentioned that it is not necessary that these resources be matched among all different transmitters. When a transmitter indicates a restricted resource subframe for a user with NAICS receiver, the following advantages can be implied:
Interference Scenario Detection: The NAICS receiver can imply that the interference scenario or situation is likely what NAICS receiver expects. We can consider the TM mode and its related parameters for this case.
In many simulations for MMSE-IRC evaluations in [2][3], it has been shown that based on different interference conditions, with different network parameters, the performance gain of MMSE-IRC receiver over MMSE baseline receiver is ranging from slightly negative numbers to a few multiples of tens. In addition, for many of the NAICS receivers that explicitly decode and cancel the interfering PDSCH, they also require information on TM modes, their RS related parameters (such as cell id, PMI/RI, number of CRS or DMRS ports, …), and/or resource allocation in order to estimate the interfering channels. It is also more desirable for the NAICS receiver that the interfering signals are either CRS based or DMRS based TMs (avoiding the interference from mixed CRS and DMRS based TMs). 
In these cases the network may try to coordinate the TM mode among serving and interfering cells. However, as mentioned before this can be a burden on the network and restrict the scheduling for the users which is not desirable. On the other side, the network may operate on an opportunistic way. Transmitter 1 may monitor or coordinate with other transmitters and when all of them are transmitting with CRS based TMs, enable the interference suppression restricted resource subframe. In other words, the NAICS receiver may assume some pre-defined parameters or behaviours for the interfering signals. As an example, it can assume all the interfering signals are CRS based mode and some parameters can be signalled and some parameters can blindly estimated by the UE.
Reduced Signalling: As mentioned before, many parameters are indicated useful as side information for NAICS receivers. It is foreseen that the signalling for providing some of the required information is too expensive. The best option seems to be some restriction and coordination on the network side for example by aligning the resources by means of interference suppression restricted resource subframe. One approach is similar to previous case which is opportunistic. When the interfering transmitters are sending data with desired parameters that NAICS receiver expects, its serving transmitter allocates that UE in restricted resource subframe mode. In addition, when the subframe is signalled or when the UE is receiving information in the restricted resource subframes, a few sets of parameters can be defined in advance and only a few bits indicating which parameter set to be used can be signalled to reduce the signalling overhead.
[bookmark: _GoBack]Better Blind Estimation: As mentioned before, the signalling overhead might be too expensive to provide all the required side information for the NAICS receiver. In interference suppression restricted resource subframe, the transmitters might coordinate or align the resources such that estimating some network parameters become easier or more accurate. As stated before, a few sets of parameters and interference conditions/scenarios can be defined. By higher layer signalling of interference suppression restricted resource subframe, the NAICS receiver knows that it is in one of these interference scenarios and further related to each interference scenario it can try to blindly estimate some other network parameters which now could be easier or more accurate for estimation. Further signalling for switching among different interference scenarios and conditions can be provided with some DCI information. 
More Robust Interference Conditions: As mentioned before, either opportunistically or deterministically, the interference scenario or condition can be signalled to NAICS receiver by introduction of interference suppression restricted resource subframe. A few sets of parameters or desirable interference conditions (for cancellation or suppression) can be targeted and mostly the NAICS receiver would end up in those scenarios or situations, consequently, more steady interfering environment.
Conclusion
In this contribution, we provide our views on signalling and coordination requirements and provide a framework for easing signalling/coordination and blindly estimating some network parameters for NAICS receivers.
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