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Introduction
Interference reduction is seen as the final frontier for improving the system performance and it remains to be the Achilles’ heel especially for users at the cell edge in a single frequency network. Cross layer improvements such as enhanced inter-cell interference coordination (eICIC) in LTE Release 10, further enhanced inter-cell interference coordination (feICIC) and coordinated multi-point (CoMP) in Release 11 are discussed as network oriented techniques to reduce the interference . These techniques are standardized based on their merits to improve system performance but also take into consideration practical and feasible user equipment implementation.

Enhanced interference rejection methods at the UE receiver have been discussed in LTE Release 11 (e,g, MMSE-IRC). These methods exploit the structure of the interference as seen by the UE receiver. In order to increase the role of the receiver a study item for Network-Assisted Interference Cancellation and Suppression (NAICS) for LTE was approved in [1] which envisions further enhancement in system throughput by providing network assistance for interference reduction.

In this paper we present a framework for enabling network assistance. This framework is mainly motivated by recognizing that the current state of the LTE standard doesn’t guarantee exploiting the interference suppression processing at the user equipment (UE) to a full extent. Also, the Release 11 interference rejection receiver has been envisioned to operate with no aid from the network. This framework enables further enhancements to inter-cell interference mitigation at the receiver side by increasing the degree of co-operation between the transmitter and the receiver. 
Network Assistance Mechanism for Interference Cancellation
Specifying advanced receiver UE performance requirements in RAN4 is a first step towards increasing the receiver role in the system design. However, the Rel-11 advanced receiver has been envisioned to operate with no aid from network perspective. Hence, further enhancements to inter-cell interference mitigation at the receiver side could be achieved by increasing the degree of co-operation between the transmitter and the receiver. For example, the variations in interference structure due to per PRB scheduling decisions, transmission schemes etc., might require additional tools in order to enable more efficient interference estimation.

By utilizing the additional assistance information in the receiver, further advanced interference mitigation algorithms can be considered. A modification of the modulation can be considered to enhance the MMSE-IRC processing. Alternatively, non-linear algorithms can be considered. These algorithms could form a reference UE receiver for performance requirements. 

Advanced receivers with improved interference mitigation capabilities and network assistance can be used to mitigate the inter-cell interference when the UE is close to the cell edge, or the intra-cell interference originating from MU-MIMO transmissions when the UE is in the inner part of the cell.
Enhanced Collaboration between Transmitters
Due to deployment of small cells in Release 12, interference mitigation is of great importance. Large number of small cells in relatively small area is likely to create many interference issues and if proper interference mitigation strategies are not considered, the system throughput may degrade dramatically. It is expected that several strong interferers without apparently dominant ones might be present. This could be the main differentiator with Rel-10/11 (F)eICIC study in which the macro(s) is (are) the dominant interferer(s) and mainly one or two dominant interferers were considered. Clearly, different types of interference avoidance and coordination mechanisms should be used for this type of interference conditions, as interference cancellation (IC) solutions similar to eICIC or FeICIC may not be very beneficial.

Release 12 network assisted interference mitigation methods should include more advanced network-oriented features to manage the interference. These features utilize two types of collaborations: 
(i) transmitter to transmitter collaboration and 
(ii) transmitter to receiver collaboration. 

The assistance can be provided in subframe level in which a set of transmitters, causing interference to corresponding UEs, may allocate resources jointly for their transmissions. These transmitters collaborate in their scheduling and may provide additional information to UEs as part of enhanced interference suppression. Such assistance could be in the form of scheduling different UEs with favourable TM combinations by participating transmitters. This allows the UEs to reliably estimate the interference (or interference statistics) to aid in successfully applying interference suppression receiver leading to maximum performance improvement.

Advanced receivers with improved interference mitigation capabilities and network assistance can be used to better mitigate the inter-cell interference when the UE is close to the cell edge, or the intra-cell interference originating from MU-MIMO transmissions when the UE is in the inner part of the cell.

Proposal 1 - Release 12 network assisted interference mitigation methods should include more advanced network-oriented features to manage the interference, including transmitter to transmitter collaboration and transmitter to receiver collaboration.
Network Parameter Coordination and Optimization
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 transmitters may or may not overlap with pilot (data) tones of interfering transmitters. The standard also in general does not require FDD LTE transmitters to be synchronized in time, hence interference measured on pilots may include contribution of both pilot and data tones of interfering transmitters. 

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 allocation, transmission power, or any other network parameter. This coordination and collaboration can be signalled to UEs with advanced receiver to allow them to receive their information with reduced interference for a maximum performance improvement.

On the other side, in many simulations for MMSE-IRC evaluations in [2], 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. Very few combinations of TMs of interfered and interfering users allow for meaningful interference suppression processing at the interfered user receiver. Applying interference suppression for undesired combination of TMs can lead to limited performance gains as compared to non-interference suppression processing (baseline receiver). Based on the simulation results in [2], it is apparent that the performance gains from interference suppression receiver at the UE are substantially larger for specific TM combinations with specific network parameters under different interference conditions [2].

Table 1 shows the marginal gain of IRC over the baseline receiver for different network parameters and for a serving cell with TM2 and one synchronous interferer with TM3, EVA70, 16QAM [3]. In such cases, the UE receiver would optimally default to the baseline receiver based on apriori knowledge of the TM combination. 

[bookmark: _Ref334025638]Table 1: RAN4 Link level results show marginal gains of IRC in some scenarios [3]
	
	Throughput (Mbps) 

	G (dB)
	MCS
	Baseline
	MMSE-IRC
	Gain (%)

	-2.5
	7
	1.880
	2.070
	10.20%

	0
	10
	2.560
	2.730
	6.80%

	-2.5
	7
	1.980
	2.050
	3.70%

	0
	10
	2.690
	2.750
	2.30%



It is expected that in Release 12 with large deployments of small cells and due to dynamic scheduling on per sub-frame and per PRB basis, it is next to impossible for a UE with advanced receiver to reliably determine for any given sub-frame and PRB if the interference suppression processing should be enabled or disabled.

Proposal 2 - Release 12 network assisted interference mitigation methods should include network parameter coordination and optimization.
Dynamic Enabling/Disabling Advanced Receiver
In many simulations including [4] and [5], it is seen that the undesired combination of TMs may lead to performance loss as compared to the baseline receiver when considering realistic scenarios including channel estimation errors, interference signal covariance matrix estimation errors, limited averaging within PRB or subframes when pre-coding is used. In [6], it is shown that with asynchronous downlink transmission from transmitters and including channel estimation error and covariance matrix estimation error, there are scenarios that MMSE-IRC receiver showing hardly any gain compared to the baseline receiver, see Figure 1 from [6]. The simulation results in [7] also confirm these findings. Also, it is known that in limited interference scenario or AWGN the performance of MMSE-IRC receiver could be worse than the baseline MMSE receiver [2][7].
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[bookmark: _Ref334034289]Figure 1: Limited performance of IRC considering realistic scenarios such as channel estimation errors, interference signal covariance matrix estimation errors in asynchronous system [6]

The uncertainty in using the advanced receiver for a UE in Release 12 by deployment of small cells and presences of Release 11 features like CoMP makes it inevitable to desire a feature for enabling and disabling the advanced receiver for the UE  in order to make the system performance more robust.

Proposal 3 – The network should be able to dynamically enable or disable the UE’s advanced receiver.
Network Assisted Interference Suppression Framework
In order to enable enhanced interference suppression capability for Release 12, this study item [1] proposes to provide additional assistance for the receiver, increase the collaboration between transmitters for providing assistance to UEs, and utilize more collaboration between transmitters and the receivers.

The current ABS framework in eICIC or reduced power ABS in FeICIC 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.

Proposal 4 – The release 10 and 11 eICIC and FeICIC framework can be extended to enable interference cancellation and suppression with advanced receivers.
Conclusion
Proposal 1 - Release 12 network assisted interference mitigation methods should include more advanced network-oriented features to manage the interference, including transmitter to transmitter collaboration and transmitter to receiver collaboration.
Proposal 2 - Release 12 network assisted interference mitigation methods should include network parameter coordination and optimization.
Proposal 3 – The network should be able to dynamically enable or disable the UE’s advanced receiver.
Proposal 4 – The release 10 and 11 eICIC and FeICIC framework can be extended to enable interference cancellation and suppression with advanced receivers.
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