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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 about parameters of interfering signals to assist the advanced receivers. In this contribution we provide our views on feasibility of network signalling assistance.

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 (e.g., parameters provided by RRC signaling).

· The second group of parameters is dynamically 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, two signaling mechanisms to the victim UE receiver can be considered:
· Semi-static signalling

· Dynamic signalling

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 using semi-static signaling 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 dynamic broadcast transmission of the parameters directly from the aggressor eNB (e.g. by using PDCCH, EPDCCH principles). 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 interfering signal parameters of 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. 
3 Feasibility of dynamic parameters signalling

The dynamic signalling of interfering signal parameters might be considered to improve the performance and reduce complexity of NAICS receivers. For example, in the control region a common set of REGs collided between neighboring cells can be introduced for the transmission of interfering signal parameters as illustrated in Figure 2. By using IC receivers (similar to PBCH IC) the control channel of interfering cells can be decoded after subtraction of the control channel transmitted by the serving cell.  A similar approach can be also considered for EPDCCH. 
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Figure 2. Possible approach for transmission of the signal parameters

In order to demonstrate the feasibility of using this signalling approach a link-level simulations for collided PDCCH were carried out. The detection of the control channel from a single interfering cell was considered. The performance of interfering control channel decoding was investigated for different INR and SIR values. The performance is provided in Figure 3.
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Figure 3. Performance of the collided PDCCH
It can be seen that for INR values of main interest (where NAICS receivers shows most of the gains) the decoding performance can be already made reliable using aggregation level of 4 CCEs. It can be argued that the performance of the control channel slightly degrades with SIR, however this seems to be not very critical, because the typical INR values are also increases with SIR. 

It should be noted that careful study is required in RAN1/4 to identify the need for dynamic signalling assistance with consideration of the tradeoffs between receiver complexity, performance gains and signaling overhead. If the estimation of dynamic parameters of interfering signal at the receiver is found to be difficult and/or not reliable, a dynamic signaling approaches as discussed above can be considered.
4 Interfering parameters signalling and estimation

Semi-static parameters and the performance impact
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 the 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 semi-static signalling approach can be used for indication of the PRB bundling assumption for scheduling and precoding at the interfering cell. 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. On the other hand the scheduling restriction due to PRB bundling on interfering cell could negatively impact the PDSCH performance with small packet sizes. 
Time and frequency synchronization for TM9/10 is another area, where semi-static 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 RS on interfering cell 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 interfering eNB. Therefore, indication about the expected power boosting values on the interfering cell might be helpful for NAICS receiver. In addition for QPSK modulation the PDSCH power offsets should be defined for both serving and interfering cells. It should be noted that power boosting restrictions could also negatively impact the performance of PDSCH in interfering cell and therefore should also investigated.
The possible TMs and PMI/RI employed at the interfering cell is also useful information that should reduce the number of tested at the receivers hypothesis and simplify blind decoding at the UE. Therefore, information on TMs and PMI/RI restrictions can be also considered for semi-static signaling.

Finally, for CRS based transmissions the efficiency of blind 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 3). 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 4. Interference between different physical channels and reference signals
Proposal:

· The following parameters may be considered for semi-static signaling:

· PDSCH RE mapping: CRS shift and number of antenna ports, MBSFN subframe configuration, PDSCH starting symbol, CSI-RS

· PRB scheduling and precoding granularity

· PDSCH power boosting restrictions 

· PRB hopping restriction

· QCL for UE-specific RS

· TMs and PMI/RI restrictions

· The impact of the PRB bundling, hopping and power boosting restrictions on interfering cell should be further investigated. 
Dynamic parameters

In several cases the estimation of interfering signal parameters is feasible at the UE. However in some cases it could lead to much higher receiver complexity and reduction of the interference rejection capabilities of the receiver. More specifically, modulation classification on more than one interfering layer using R-ML/ML approach might be complex due to relative large number of modulation combinations that is possible on the interfering links. Detection of interfering PMI (for CRS based TMs) might be also unreliable in some cases. More specifically, considering an interference covariance matrix based parameter estimation [3], due to unitary property of codebook matrices, the interfering PMIs with rank equal to number of Tx antenna (e.g. rank 2 PMIs in 2 CRS antenna ports) can’t be resolved. For 4Tx antennas, the complexity the PMI estimation per each PRB might be high, due to large number of the possible PMI combinations that should be evaluated for each PRB. Therefore, dynamic indication of some interfering parameters might be also considered. 

Proposal:

· Dynamic signalling of interfering signal parameters (e.g. PMI/RI, interference presence, modulation) might be considered to reduce complexity or improve performance of NAICS receivers. Careful study however is required in RAN1/4 to identify the need for dynamic signalling assistance with consideration of the tradeoffs between receiver complexity, performance gains and signaling overhead.
5 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 eNBs to provide information about parameters of interfering signals to the victim UEs using semi-static signalling. The second approach is based on the dynamic signalling of interfering signal parameters directly from the aggressor eNB. For each signalling mechanisms some examples of the parameters (both semi-static and dynamic) of the interfering signals were provided. Using link-level simulations the initial study on feasibility of the dynamic parameter signalling from interfering cells is provided. However, further study on the need of dynamic signaling assistance should be conducted by RAN1/4 with consideration of the tradeoffs between receiver complexity, performance gain and signaling overhead. For semi-static signalling the impact of the PRB bundling, hoping and power boosting restrictions on interfering cell should be also investigated.
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