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Introduction
LTE is the long term evolution of the Universal Mobile Telecommunication System (UMTS). The UMTS system was developed initially to increase the Erlang voice capacity as compared to the GSM system, as well as having support of early packet data services. Under the UMTS umbrella, the wide band code division multiple access (WCDMA) system was developed and it achieved the goal of significantly improving the system capacity relative to GSM and achieved a fraction of a bit/sec/Hz spectral efficiency. Today’s LTE is designed and can achieve spectral efficiency several orders of magnitude higher than GSM. Several releases of UMTS have been developed over the span of the last two decades. These releases (Release 99, 4—11) maintain backwards compatibility and offer incremental technologies to improve the system performance. 

At the physical layer, a multitude of techniques have been developed to improve the system throughput and reliability. These techniques include several forms of diversity methods through the use of space-time/frequency coding using multiple transmit and receive antennas, link adaptation through the combined use of power control, adaptive coding and modulation and hybrid automatic repeat request enabled by the user equipment feedback to the base station of the channel quality information and ACK/NACK information, multi-layer spatial multiplexing and smart antenna beamforming through MIMO techniques, advanced channel coding by employing close to Shannon capacity achieving turbo codes, orthogonal frequency division multiplexing to combat multipath delay spread and allowing efficient transceiver implementation through the fast frequency transform (FFT) processing. 
Flexible spectrum usage enabled through variable bandwidth support (from 1.4MHz to 20MHz) and carrier aggregation. More recent methods address cross layer improvements such as enhanced inter-cell interference coordination (ICIC) in LTE Release 10 and cooperative multi-point (CoMP) in Release 11. These techniques are standardized based on their merits to improve system performance but also take into consideration practical and feasible user equipment implementation.

We are now at the cusp of defining LTE Release 12 features. Previous releases have exploited the domains of coding, diversity and space (antenna). 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. Interference rejection methods at the UE receiver have been in discussion with the standards group, e,g, MMSE-IRC. These methods exploit the structure of the interference as seen by the UE receiver.

In this paper we present a method for improving the system performance by exploiting the structure of the interference as seen by the UE receiver. The method uses a new concept termed interference suppression subframes (ISS). This concept is 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. We introduce the ISS in which all users from different base stations are scheduled with favorable transmission mode (TM) combinations. 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. The ISS may be configured in the form of a bit map in a broadcast message.

The rest of the paper is organized as follows. Section 2 describes the system model along with the known baseline and interference rejection receivers proposed within 3GPP RAN4. Section 3 discusses the benefits of the ISS to the system performance. 
System Model
The system model may be described by the following
		

where  is the  received signal vector by UE, and   and  are the  serving signal vector and interfering signal vector, respectively.  and  for  denote the effective radio channel from the serving cell transmission to the UE and the effective channel from -th interfering cell transmission received by the intended UE, respectively. The noise  is an Additive White Gaussian Noise (AWGN) with zero mean and power . The Dominant Interference Proportion (DIP)[footnoteRef:1] is defined as the ratio of the power of a given interfering eNB over the total other cell interference power, i.e. . The Signal-to-Noise-Ratio (SNR) is defined as  as the transmitted signal is assumed unit power, i.e.  for . The geometry, Signal-to-Interference-plus-Noise-Ratio (SINR), is defined as . [1:  For a detailed description on how DIP values and profiles are selected see R4-121029.] 


A linear receiver is one that uses the following structure

		
The baseline, non-interference suppression,  MRC and MMSE receivers are given by

		
and

		
where

		

where  denotes the noise plus interference power.
The MMSE-IRC rejection receiver 

		
where 

		
Concept of Interference Suppression Subframe (ISS)
LTE standard defines several different TMs which can be configured on per user basis. TM1 and TM2 apply the same complex transmission weight on data and cell specific pilots on per transmit port basis. TM4 and TM6 use pre-coding of data tones with PRB and user specific pre-coder matrix of a given rank. TM3 circulates a fixed set of predefined pre-coders of a given rank across data tones within given user allocation. TM5, TM7, TM8 and TM9 apply beamforming of a given rank to both data and user specific pilot tones within given user allocation. 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.

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 to date from RAN4, it is apparent that the performance gains from interference suppression receiver at the UE are substantially larger for specific TM combinations [3]. In some cases the undesired combination of TMs may lead to performance loss as compared to the baseline receiver [4]-[5] when considering realistic scenarios including channel estimation errors, interference signal covariance matrix estimation errors, limited averaging  within PRB when pre-coding is used, see Figure 1. Table 1 shows the marginal gain of IRC over the baseline receiver for Scenario 1 (TM2-TM3) in RAN4 tests, EVA70, 16QAM, and one synchronous interferer [3]. In such cases, the UE receiver would optimally default to the baseline receiver based on apriori knowledge of the TM combination. Due to dynamic scheduling on per sub-frame and per PRB basis, it is next to impossible for UE to reliably determine for any given sub-frame and PRB if the interference suppression processing should be enabled or disabled.

[bookmark: _Ref334025638]Table 1: RAN4 Link level results show marginal gains of IRC in some scenarios
	
	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%
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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 summary, the current state of the Release 11 LTE standard doesn’t guarantee exploiting the interference suppression processing at the user equipment (UE) to a full extent. The interference rejection receiver has been envisioned to operate with no aid from the network. Further enhancements to inter-cell interference mitigation at the receiver side can be achieved by increasing the degree of co-operation between the transmitter and the receiver. 

This study can cover three distinct and salient subsections:
· Receiver evaluation with more advanced features and assisted by network
· Scheduling and signalling design for enabling network assistance
· More collaboration between transmitters in addition to base-station and user collaboration

[bookmark: _GoBack]In order to provide additional assistance for the receiver, we introduce the interference suppression subframe (ISS) in which a set of eNodeBs, causing interference to corresponding UEs, allocate for their transmissions. These eNodeBs collaborate in their scheduling and may provide additional information to UEs as part of setting ISS. Such assistance could be in the form of scheduling different UEs with favourable TM combinations by participating eNodeBs in ISS. 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. The ISS may be configured in the form of a bit map in a broadcast message.

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.
Objectives
The objectives of the study item are:
· Identify the deployment scenarios  where advanced receivers can benefit from the network assistance or coordination
· Evaluation should consider many practical deployment scenarios (e.g., intra-cell MU-MIMO, CoMP, heterogeneous network, and small cell)
· Evaluation should take into account the available backhaul and other network coordination means for ISS
· Identify the network parameters including TM combinations to be used in ISS for each of the transmission modes that lead to the largest throughput benefit from interference suppression
· Evaluation may consider different network parameters including TM combinations, Synchronization, Modulation, related system design enablers (i.e., network signalling assistance and enhanced link adaptation)
· Study and evaluate feasibility and potential gain with ISS
· Evaluate the link level simulation under the TM combinations
· Evaluate the system level sector throughput with the ISS in place
· Identify practical receiver(s) that can be considered in ISS  for system-level evaluation and system impact investigation
· Practical network deployment and UE implementation impairments (e.g., synchronization offset, propagation delay, UE channel estimation error, demodulation/decoding error) should be considered in the evaluation
· Develop the efficient signalling structure and required information to be exchanged to enable ISS 
· Evaluate the feedback overhead and backhaul required to enable network assistance and ISS
· Identify the specification impact with respect the assistance information or to network coordination aspects, enabling efficient interference cancelation.
The study item needs to cover both synchronized and unsynchronized networks and both TDD and FDD frame structures.
Conclusion
We are proposing to further study on using network controlled interference suppression via enabling network level signalling and scheduling. At the heart of this study item are more collaboration between transmitter and receiver, assistance from network, and utilizing more advanced receiver features.
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