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1Introduction
In RAN#59, an LTE Release 12 study item on Network-Assisted Interference Cancellation and Suppression was approved [1]. One of the objectives of the SI is to identify a need of network signalling assistance about parameters of interfering signals for the advanced receivers. In this contribution we provide our views how network signalling assistance can be realized in LTE-A networks, assuming that the signalling is found to be useful.

2 Discussion on network signalling approaches
Depending on the time-scale and applicability of the parameters to the multiple UEs, the parameters of the interfering signals can be categorized in two groups:
· The first group includes the parameters of the signals, which are depended from semi-static configurations and typically common for all UEs in a given cell (e.g., parameters provided by RRC signaling).

· The second group of parameters is dynamically or individually provided to the UEs (e.g., by using UE-specific physical layer signaling).
Depending on whether the interfering signal parameter belongs to the first or second group, different signaling mechanisms the victim UE receiver can be considered.
Since in the first group the parameters are not expected to change dynamically and they are common for all served UEs, the most efficient way to convey this information from the aggressor to victim eNB is by using backhaul link. After the interfering signal parameters are exchanged, the eNB can unicast them directly to the victim UE to assist operation of NAICS receiver.
Usage of such inter-eNB communication for the second group of parameters is problematic, especially in the scenarios with non-ideal backhaul link. In such cases it is more preferable to rely on the broadcast transmission of the parameters directly from the aggressor eNB (e.g. by using PDCCH, EPDCCH, PBCH or similar channels). In this case the victim UE can obtain the information about parameters of interfering signals by overhearing the broadcast transmission from the aggressor eNB. If the reception of such broadcast transmission can be made reliable, the information on the parameters of interfering channel can be provided dynamically to the UEs in the neighboring cell without involving backhaul link and processing at the serving eNB.
Figure 1 illustrates the proposed approach, where the 1st and 2nd group of parameters are provided to the victim UE by using two signaling mechanism discussed above. 
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Figure 1. Signalling of the parameters for interfering cells
It should be noted that in NAICS scenario 1, the most dominant interference is usually coming from the neighboring cells of the same eNB. Since the cells of the same eNB are physically co-located, dynamic signaling of the second group of interfering signal parameters is also feasible from the serving cell. In the next section we provide some examples of the parameters for two considered groups.
3 Interfering signal parameters signalling and estimation
Group 1 (semi-static and cell common parameters)
As discussed in [2] non-detected interference from other physical channels or reference signals could lead to performance degradation of the NAICS receiver. Therefore, for efficient suppression of interference from PDSCH the information about PDSCH REs on interfering cell is needed. For example, the number of CRS antenna ports, CRS shift, MBSFN subframes, NZP CSI-RS and ZP CSI-RS configurations on the aggressor cell can be provided to the victim UE to indicate the REs of the interfering PDSCH. Similar to Rel-11 FeICIC, this information can be provided using backhaul link. Some problems, however, may occur for signalling of the PDSCH starting symbol within a subframe, which in general case can be dynamically changed by the interfering eNB. However, some eNB implementations may not use the adaptive size of the PDCCH region (or constrain them) and semi-static configuration of the PDSCH starting symbol may be also considered. 

A similar backhaul link signalling approach can be used for indication of the PRB bundling assumption for interfering cell when TM9/10 is used. As discussed in [2] when PRB bundling is assumed, the PDSCH interference detection and channel estimating performance using UE-specific RS on interfering link can be remarkably improved. Time and frequency synchronization for TM9/10 is another area, where network signalling assistance might be helpful. More specifically, starting from Rel-11, the UE-specific RS and CRS may be not quasi co-located (QCL) with each other, w.r.t. time and frequency components (e.g. in CoMP Scenario 4 the UE-specific RS and CRS may be transmitted from different points). Therefore the estimated frequency offsets from CRS in general case can’t be used for processing of the interfering UE-specific RS and PDSCH. Since the Cell ID deployment scenario and release of interfering eNB is unknown to the UE, some signalling assistance about QCL assumptions between CRS and UE-specific (e.g., with the same scrambling identity) is preferable and can be also realized using backhaul link approach.

For CRS based transmission modes some signaling assistance can be also used to improve the PDSCH power boosting  estimation for OFDM symbols with and without CRS REs. Typically, due to dense grid of the possible power boosting values (e.g., Pa ( {‑6, ‑4.77, ‑3, ‑1.77, 0, 1, 2, 3} dB), reliable estimation of these parameters in the blind receiver is unlikely.  In practice, however, we expect that only part of the possible power boosting values will be used by the eNB. Therefore, indication about the expected power boosting values on the interfering cell might be helpful for NAICS receiver. It should be noted that the PDSCH EPRE ratio on OFDM symbol with and without CRS is a defined by cell-specific parameter and therefore can be also provided to the victim UE using the backhaul link.
Finally, the efficiency of NAICS receivers with estimation of interfering PDSCH signal parameters depends on the amount of REs available for estimation. In most of the cases not all of the REs within a PRB pair can be used for that purposes (see Figure 2). In some cases, e.g., when distributed resource allocation is assumed (e.g., for DCI Formats 1A/1B/1C/1D), an interfering VRB pair can be distributed in the frequency domain, thus further shrinking the number of REs available for estimation of the interfering PDSCH parameters roughly be one half. This is illustrated in Figure 2, where the limited number of REs for the estimation of the interfering PDSCH parameters is shown. In practice, however, the distributed VRB allocation with slot hopping may not be used in some of the eNB implementations, therefore providing the performance benefits, if such information is known to the receiver.
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Figure 2. Interference between different physical channels and reference signals
Group 2 (dynamic and UE-specific parameters)
As discussed in the detection of non-orthogonal UE-specific RS presence in the presence of UE-specific RS from the serving cell is problematic especially when one PRB pair is considered (i.e. without PRB bundling). Modulation classification on more than one interfering layer using R-ML/ML approach is also complex (due to relative large number of modulation combinations) and in some cases not reliable (due to max-log approximation, which is biased to low order modulation in low to medium INRs). Detection of interfering PMI (for CRS based TMs) and power boosting might be also complicated. More specifically, let’s consider a model with one dominant interfering cell and the received signal model for PDSCH defined as follows:
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where the y is the nrx(1 received signal vector, h1 is the nrx(ntx channel matrix for the serving evolved Node B (eNB), h2, is the nrx(ntx channel matrix of the interfering eNB, βi represents the signal power boosting, wi is the ntx(1 beamforming vector, si is the transmitted data signal on the i-th eNB, and n is the nrx(1 AWGN vector of power (2.
In order to reduce the receiver complexity the power boosting and precoding vector estimation should be blind to the interfering signal modulation. For example, the estimation can be based on the similarity between the estimated interference covariance matrix calculated from the received signal as
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and the emulated interference covariance matrix, which is a function of the unknown quantized interfering beamforming matrix w2 and power boosting β2:
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For example, matrix similarity criteria based on to the least square fit can be considered for 
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It can be seen that, due to unitary property of codebook matrices, the interfering PMIs with rank equal to number of Tx antenna (e.g. rank 2 PMIs and 2Tx antenna) can’t be resolved by considered estimator (full rank can be detected, but can’t be resolved). For 4Tx antennas, the complexity of the PMI estimation might be high, due to large number of the possible PMI combinations that should be evaluated in each PRB. The PMI estimation based on interference covariance matrix also becomes unreliable in the medium to high SNR region, due lack of averaging of the cross data-to-interference signal components in the estimated interference covariance matrix. Therefore, dynamic indication of interfering PMIs might be also useful in some cases. 
Based on the discussion above dynamic signalling of interfering signal parameters should be considered to support NAICS receivers. Careful study is required to understand the set of the dynamic parameters for signalling with consideration of the tradeoffs between receiver complexity, performance gain and signaling overhead. 
4 Summary

In this contribution we have discussed two mechanisms for network signalling assistance of the NAICS receiver. The first mechanism relies on backhaul link signalling between eNB to provide information about semi-static and cell common parameters to the victim UEs. The second approach is based on the signalling of interfering parameters directly from the aggressor eNB by using broadcast transmission on PDCCH/EPDDCH/PBCH or the like physical channels. For each signalling mechanisms some examples of the parameters of the interfering signals were proposed. It has been also concluded that signalling of interfering signal parameters (both semi-static and dynamic) might be useful for performance improvement and UE complexity reduction. Therefore, further and careful study is required to understand the set of the dynamic parameters for signalling with consideration of the tradeoffs between receiver complexity, performance gain and signaling overhead. 
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