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1 Framework
	R4-131070
	Proposed work plan for network-assisted IC study item
	MediaTek


Proposals: 

	R4-131072
	TR skeleton of network assisted interference cancellation and suppression
	MediaTek


	R4-131318
	Discussion on framework for LTE NAICS SI
	Intel Corporation


Proposal 1:
Take into account the proposed task list for further RAN4 LTE NAICS SI work planning.

Proposal 2:
Consider intra-cell, inter-cell and mixed (intra-cell + inter-cell) interference scenarios for further studies. Prioritize target scenarios based on RAN1 WG recommendations.

Proposal 3:
Investigate IS/IC receivers for different combinations of useful and interference physical channels. Perform prioritization of investigated combinations of useful and interference physical channels.

Proposal 4:
Identify baseline and advanced reference receiver structures for different physical channels.

Proposal 5:
Identify the full list of required network-assisted information for each investigated IS/IC receiver.

Proposal 6:
Consider synchronous network scenarios for evaluation of IS/IC receivers.

Proposal 7:
Baseline analysis should be focused on scenarios with two receive antennas at the UE side. Optionally, scenarios with larger number of receive antennas can be investigated.

Proposal 8:
Take into account the listed link-level analysis aspects when defining the link-level modeling assumptions for further studies.

Proposal 9:
Recommend RAN4 WG to discuss and define complexity analysis methodology for IS/IC receivers.

	R4-131496
	Evaluation Scenarios for Interference Suppression/Cancellation Receivers
	NTT DOCOMO


 (Proposal 1)

The following deployment scenarios should be given priority.

· Homogeneous network with a non-ideal backhaul

· Heterogeneous network with quasi-ideal backhaul between macro cells and small cells

· We give priority to cases where no (F)eICIC and CoMP operation is performed  

(Proposal 2)

The following synchronization scenarios should be investigated.

· Homogeneous network with a non-ideal backhaul

· Synchronized network between all eNodeBs

· Asynchronized network between eNodeBs in different sites

· Heterogeneous network with a quasi-ideal backhaul between macro cells and small cells

· Synchronized network between a macro cell and a small cell and among small cells within the coverage of the same macro cell

(Proposal 3)

· Regarding intra-cell interference:

· SU-MIMO operation should be given priority

· Regarding inter-cell interference:

· Should be modelled based on a similar approach to that for the Rel. 11 SI

(Proposal 4)

· PDSCH should be given priority in the Rel. 12 SI

(Proposal 5)

· User throughput performance for the Rel. 12 IS/IC receivers should outperform  the Rel. 11 MMSE-IRC receiver and Rel. 8 baseline receiver

(Proposal 6)

· Disabling signalling seems to be effective to exclude some receiver types that degrade the user throughput in specific environments from the network
Intra-cell interference: 
	R4-131644
	Source of impairments for NAICS study
	Ericsson/ST-Ericsson


Proposal 1. Consider as maximum/worst case absolute value of the time difference between BSs equal to 3musec, i.e. (BS=|TBS1-TBS2|(3musec.
Proposal 2: Depending on the scenarios which RAN 1 will prioritize RAN 4 can provide detailed information about the range of timing difference due to propagation delay which should be considered in the evaluation. The results above are provided as example.  Different ISD and different scenario may lead to different ranges. 

Proposal 3:  We suggest to consider several timing error values (up to the upper bound) for the evaluation of the NAICS gain. 

Proposal 4:  The timing difference in the range [-0.5, 2]musec is applicable for performance evaluation when CoMP Scenario 3 and 4 are considered under NAICS.

Proposal 5: It is proposed that RAN 4 provides feedback to RAN 1 on the maximum amount of frequency error which needs to be included in the evaluation analysis for generic scenarios. The upper bound can be considered as 450-500Hz. 

Proposal 6:  We suggest to consider several frequency error values (up to the upper bound) for the evaluation of the NAICS gain. 

Proposal 7: 200Hz frequency error can be considered for the evaluation of NAICS under CoMP scenarios. 

Proposal 8: It is up to RAN 1 to decide whether to include UE RF imperfections in their simulation set up which can be modelled as receive EVM (modelled as an additive white Gaussian noise whose standard deviation is given by the EVM).

Proposal 9: Send an LS to RAN 1 to indicate the maximum range of the impairments which should be considered and mention that RAN 4 will provide appropriate models once scenarios are clearly identified. 
	R4-131647
	Framework for NAICS SI
	Ericsson, ST-Ericsson


· STEP 1:

· Reference receivers

· Impairments

· Simulation analysis/gain in SU-MIMO scenarios when intra-cell interference is treated via non linear receivers

· STEP 2: 

· Complexity analysis for UE and BS.

· Simulation analysis by considering the following as priority 

· Prio 1. Synchronized network: 

· Only inter-cell interference 

· Both intra- and inter- cell interference 

· Only intra-cell interference in a MU-MIMO case

· Prio 2. Asynchronized network:

· Inter-cell interference.

· Both inter cell and intra cell interference.

	R4-131652
	LS out to RAN 1: On impairments for NAICS study
	Ericsson, ST-Ericsson


Withdrawn
	R4-131790
	On LTE Rel-12 Advanced UE receiver studies
	Renesas Mobile Europe Ltd.


Proposal 1: 
Focus the work on PDSCH-to-PDSCH interference mitigation.

Proposal 2: 
Assume synchronous networks.

Proposal 3: 
UE reference receiver is assumed to be based on single-FFT processing.

Proposal 4: 
Prioritize DM-RS mode TM10 for multiuser interference mitigation cases (e.g. multiuser MIMO, inter-cell interference mitigation).

Proposal 5: 
As secondary focus, consider CRS modeTM4 mainly in SU-MIMO context.

Proposal 6:
Focus Rel-12 NAICS studies in RAN4 on detector enhancements.
Proposal 7:
WLMMSE-IRC detector should be included as one candidate detector which benefits from network coordination of modulation type.
Proposal 8:
LMMSE-SIC detector structure should be selected as reference non-linear detector structure.
Proposal 9: 
Study SU-MIMO rank-2 detector enhancements in addition to MU-MIMO scenarios.

Proposal 10: 

RAN4 link level studies assume that network coordination takes place if needed for a given candidate receiver.
Proposal 11: 

RAN4 link level studies assume that assistance information is available if needed for a given candidate receiver.
Proposal 12:
Focus on full-buffer interference traffic model.
	R4-131808
	Interference Suppression Framework for Network Assisted Interference Cancellation
	Broadcom Corporation


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.
	R4-131824
	General considerations on network assisted interference suppression and cancellation
	QUALCOMM Incorporated


Proposal 1: Genie-Aided Receiver: Evaluate performance of the UE receiver when all the necessary information about all the interferers is supplied to the receiver. 

· This serves as an upper bound on both network assisted and non-network assisted approaches.

· The extent of performance gain represents the potential benefits to be had through all the investigations in this study item.

Proposal 2: Evaluate performance of ML and low complexity variants of ML receivers
· Proposal 2.1: Establish upper performance bound with genie-aided network signalling where the UE is assumed to know all the transmission parameters for all the interferers.

· Proposal 2.2: Baseline performance without network assistance. The interferer transmission parameters are unknown to UE and it may perform estimation of the same as necessary.

· As RAN1/2 specifications materialize, various available degrees of network assistance can be incorporated in to this evaluation.

Proposal 3: Evaluate performance of Interference Cancellation (IC) receivers
· Proposal 3.1: Establish upper performance bound of IC receivers with genie-aided network signalling where the UE is assumed to know all the transmission parameters for all the interferers. 

· Proposal 3.2: Baseline performance without network assistance. The interferer transmission parameters are unknown to UE and it may perform estimation of the same as necessary.

· As RAN1/2 specifications materialize, various available degrees of network assistance can be incorporated in to this evaluation.

Proposal 4: The performance of linear MMSE-IRC receivers is well understood from prior evaluations. Therefore, we propose to de-prioritize MMSE-IRC receivers in this study.

Proposal 5: Study up to two interferers with varying degrees of signal to noise ratios. 

Proposal 6.1: Prioritize homogeneous deployments initially, with heterogeneous scenarios being considered later. 

· Homogeneous scenarios are prevalent in current deployments. 

· HetNets involving macros and multiple pico cells need to be studied further in RAN1/2 to have more clearly defined scenarios.

Proposal 6.2: Consider A3 event bias: A hysteresis offset of 4 dB which contributes to a potentially 4 dB stronger interferer even in the homogeneous scenario.

Proposal 7: Prioritize the following loading scenarios:

· Full loading across the bandwidth

· 50% loading.

Proposal 8.1: Prioritize CRS based transmissions to begin with; UERS based transmissions later in the study. CRS based transmissions are widely prevalent in current deployments. Hence greater system level gains are possible with interference mitigation for CRS based transmissions.

Proposal 8.2: Study TM2, TM3, TM4 and later on evaluate TM8/TM9/TM10.

Proposal 9: To simplify the progression of performance evaluation, we propose to address colliding CRS scenarios first. With two interferer scenarios, one colliding and one non-colliding CRS interferer may be evaluated. 

Proposal 10: Prioritize unicast transmission first and later on MBMS transmissions are to be considered during advanced phases of this study.

Proposal 11: Prioritize scenario with matched control spans. RAN4 initial study may assume that the control span is 2 symbols.

Agreement:
· Inter-cell interference 

· Intra-cell interference scenario 
· SU-MIMO (rank-2): Interested companies can bring in results in the next meeting.
· MU-MIMO 

· Companies are encouraged to define methodologies for link-level interference modeling for MU-MIMO
· Synchronization assumption 

· Synchronous: 1st Priority 

· Need to model frequency and timing synchronization error, but assuming single FFT at UEs.

· Reuse CoMP or FeICIC assumptions (depending on the scenarios) 

· Asynchronous: 2nd Priority  
· Desired (PDSCH) and interference channels (PDSCH)
· First priority / starting point

· Other interference scenarios can be considered 
· FFS: Transmission modes
2 Receiver Structures
R4-131291  Discussion on Reference IC/IS Receivers for NAICS
   Research In Motion UK Limited

Observation: if more accurate interference information, like channel and modulation order, is available, MMSE-IRC-iCH, MMSE-SIC and ML receivers can get more performance gain over baseline Rel-8/9 MMSE receiver in most cases, comparing to the rel-11 MMSE-IRC receiver. MMSE-SIC can barely provide gain over the MMSE-IRC receiver. WE also observe that the ML receiver could provide very significant gain over other receivers in some cases, especially in lower order modulation and higher order MIMO cases, but performs worse than other receivers in the other cases.
	R4-131319
	Reference IS/IC receivers for LTE NAICS studies
	Intel Corporation


Proposal 1:
Consider the LMMSE-IRC receiver as the baseline reference IS/IC receiver.

Proposal 2:
Consider the LMMSE-IC receiver as a candidate advanced IS/IC receiver.

Proposal 3:
Consider the ML-IC receiver as a candidate advanced IS/IC receiver. Study ML algorithms with full and reduced complexity. Investigate algorithms with and without knowledge of interference signal modulation.

Proposal 4:
Study ML-IC receiver for interference suppression from PDCCH/EPDCCH, taking into account the PDCCH/EPDCCH interference structure that includes partial RE loading and power boosting.

Proposal 5:
Consider the MMSE-SIC and ML-SIC receivers as candidate advanced IS/IC receivers.

Proposal 6:
Consider the iterative MAP-IC and MAP-SIC receivers as candidate advanced IS/IC receivers. Further study MAP-IC and MAP-SIC implementation options.

Proposal 7:
Consider using additional residual interference pre-whitening along with advanced IS/IC receivers.
	R4-131325
	Network-Assisted IS/IC Receiver Structures
	MediaTek


1. MMSE-IRC receivers with additional estimation of per-subcarrier interference channel (i.e., “per-subcarrier” MMSE-IRC) are considered. Network assistance or UE detection to obtain such estimation needs to be further studied.

2. ML receivers are considered, and network assistance or UE detection to obtain additional modulation order information will be further studied.
3. One-pass (i.e., non-iterative) SIC receivers with MMSE-IRC or ML as the first-step processing are considered. PRB alignment and signaled MCS can be assumed in the study.
	R4-131359
	Analysis on feasibility and complexity of basic receiver structures for NAICS
	Huawei, HiSilicon


Proposal 1: Both intra-cell and inter-cell interference scenarios (including homogeneous and heterogeneous network deployments) are the promising scenarios for evaluating NAICS.
Proposal 2: The enhanced MMSE-IRC could be a starting point and the other receivers are not excluded.
	R4-131378
	Views on Reference IS/IC Receiver
	Samsung


Observation 1: For MMSE-IRC enhanced receiver type, the performance can be further enhanced by improving the estimation accuracy of interference covariance matrix.

Observation 2: For SIC enhanced receiver type, considering the UE implementation complexity and required assistance network signalling, SIC with symbol level or bit level detection of interfering signals is quite different. The trade-off between complexity and performance need to be further investigated.

Observation 3: For ML enhanced receiver type, ML receiver itself is already an enhanced receiver type targeted for intra-UE interference suppression, without network assistance information. Likewise, ML receiver can be used to jointly detect desired and interfering signals, with limited network assistance information.

Observation 4: On top of ML receiver, other receiver techniques could be employed to further improve the performance with the more network assistant information.

Observation 5: Regarding link level evaluation scenarios, homogeneous/heterogeneous network inter-cell interference and intra-cell interference scenarios need to be covered by RAN4 to comprehensively investigate the performance gain of NAICS receivers.

	R4-131643
	Receiver type for NAICS
	Ericsson/ST-Ericsson


· Intra-cell interference: SIC receiver, benchmark is MMSE.

· Synchronous network:

· Inter cell interference: SIC receiver

· Inter cell + intra cell interference: SIC receiver for both or SIC for intra cell with MMSE-IRC based equalization.

· benchmark is MMSE-IRC.

· Asynchronous network

· Inter cell interference: MMSE-IRC receiver

· Inter cell + intra cell interference: SIC for intra cell with MMSE-IRC based equalization

· benchmark is MMSE.

It is also proposed to follow the system level simulation results already provided in the context of FeICIC and advanced receiver and consider 2 modelled interferers.

	R4-131771
	Analysis of the candidate LTE receiver structures for Interference Cancellation and Suppression
	Orange


According to the initial gain evaluation, the Turbo-SIC receiver shows high potential for capacity gains, both for intra-cell SU-MIMO interference, without the need of network assistance, and for inter-cell interference under network assistance.

Network assistance is needed in order to allow highly efficient advanced receivers to cancel inter-cell interference, and thus enhance system capacity and cell-edge user throughputs. In this setting, not only the receiver performances are important but also the scheduling design.  It is to be assessed which combination achieves the best performance trade-off.
	R4-131791
	Receiver structures feasibility for LTE Rel-12
	Renesas Mobile Europe Ltd.


Proposal 1: Complexity assessment of the candidate detectors should consider factors like interference structure

availability, number of desired and interfering streams as well as the potential introduction of 256 QAM.

Proposal 2: LMMSE-IRC detector has to be used as benchmark detector for all consider further enhancements in Rel-

12 framework.

Proposal 3: WLMMSE-IRC should be included as one candidate detector for further enhancement in Rel. 12

Proposal 4: Codeword based LMMSE-SIC scheme provides a reasonable complexity and performance tradeoff, it

should be selected as a reference detector for Rel-12 work on NAISC for RAN4

Proposal 5: ML based joint detection is seen to have a prohibitively high computational complexity and should not be

considered further

	R4-131793
	Further considerations on Advanced Receivers
	Renesas Mobile Europe Ltd.


Proposal: 

SU-MIMO improvements based on SIC receiver should be further considered.

Proposal:
WLMMSE-IRC detector should be included as one candidate detector which benefits from network coordination of modulation type.

Proposal:

Network assisted SIC receiver shows large gain potential in terms of inter-cell interference suppression.

	R4-131806
	Network Assisted Reference IC/IS Receivers
	Broadcom Corporation


Proposal – As MMSE-IRC has been already discussed in LTE Release 11, it should be the baseline for network assisted interference cancellation studies. However, we can consider SIC- or ML-based receivers, as well.

	R4-131825
	Linear MMSE IRC receivers for NAICS
	QUALCOMM Incorporated


We propose to de-prioritize the linear IS receiver from this study. We also propose to use the MMSE-IRC receiver as the baseline for performance for Rel-12 UEs with interference mitigation capability.

	R4-131826
	SIC receivers for NAICS
	QUALCOMM Incorporated


Updated to R4-131852
	R4-131852
	SIC receivers for NAICS
	QUALCOMM Incorporated


· SLIC receivers are a feasible choice for interference mitigation in Rel-12 UEs owing to their interference mitigation capability at reasonable complexity that scales linearly with the number of interferers.

· Prioritize SLIC receivers over CWIC receivers due to 
· Lower complexity than CWIC.
· Lower signalling requirements than CWIC.
· Greater robustness to interference parameters than CWIC.

· SLIC receivers first need to be evaluated assuming no network assistance. As RAN1/2 specifications materialize, SLIC receivers can be studied with varying degrees of network assistance.

	R4-131827
	ML receivers for NAICS
	QUALCOMM Incorporated


Updated to R4-131853
	R4-131853
	ML receivers for NAICS
	QUALCOMM Incorporated


· Codeword ML is the performance optimal choice, but the complexity of implementation is prohibitive, which makes it not practical. 

· Symbol level ML decoding is less complex than codeword level, but still complex in terms of practical implementation. We propose to study it to obtain an estimate of the performance achievable by ML detection. 

· Approximations to the ML receiver which reduce complexity are promising candidates, and we propose to evaluate them across different interference scenarios.

· We propose to evaluate each of these receivers under the following conditions:

· With genie-aided network assistance

· Without network assistance
· As RAN1/2 specifications materialize in the future, with varying degrees of network assistance.

Agreement:
· FFS: Terminology alignment for describing and differentiating different variants of receivers within the three general categories: Linear MMSE-IRC, ML, SIC
3 Link-level Modeling
	R4-131320
	Interference models for LTE NAICS link-level simulations
	Intel Corporation


Proposal 1:
The RAN4 WG is recommended to agree on the overall methodology for identification of interference models.

Proposal 2:
Recommend RAN1 WG to provide detailed guidance on priorities of intra-cell MU-MIMO interference scenario studies, expected interference conditions and modeling methodology, since intra-cell inter-user interference heavily depends on scheduling implementation at the eNodeB side.

Proposal 3:
Use RAN4 WG methodology based on DIP and MIMO rank selection statistics for characterization of inter-cell interference conditions.

Proposal 4:
Define new DIP profiles and MIMO rank statistics for deployment scenarios recommended by RAN1 WG.

Observation 1: 
In some scenarios with the number of useful and interference spatial streams larger than the number of receive antennas LMMSE-IRC receivers cannot efficiently handle the interference while the non-linear ML-IC receivers still allow interference suppression.
	R4-131360
	Discussion on interference model for NAICS
	Huawei, HiSilicon


· Proposal 1: Reuse the DIP scheme to determine interference level from system simulation for inter cell interference modelling 

· Proposal 2: How to model the paring algorithm in the scheduler need to be first discussed for intra cell interference modelling

	R4-131510
	Link-level Simulation Methodologies for Interference Suppression/Cancellation Receivers
	NTT DOCOMO


(Proposal 1)

· Interference modelling schemes for Rel. 11 investigations should be re-used for Rel. 12 SI

· Interference modelling results for Rel. 11 can be re-used especially at the cell-edge environment when assuming homogeneous network based on 3GPP Case 1
· When assuming heterogeneous network without any ICIC and CoMP operations, high-SNR/high-DIP cases should be modeled
(Proposal 2)

· As a performance metric, throughput performance under fixed MCS should be evaluated

· Comparing throughput performance between Rel.12 IS/IC receivers and Rel.11 receivers

(Proposal 3)

· Following transmission modes should be evaluated

· TM3 (Open-loop MIMO transmission, CRS-based)

· TM9 (Closed-loop MIMO transmission, CSI-RS/DM-RS-based)

(Proposal 4)

· For desired signal, Rank-1 and Rank-2 transmission should be included in the evaluation

· For interference signals, the case where numbers of transmission rank and PMI are determined randomly from subframe to subframe should be included in the evaluation when NW-assisted scheduler is not assumed

(Proposal 5)

· Full-buffer traffic assumption should be investigated as a baseline

· On/off traffic model is candidate for evaluation of simple partially loaded case in the interfering cell 

	R4-131767
	Interference modeling consideration for network-assisted IC
	Mediatek


Updated to R4-131943
Proposal #1: The general methodology of deriving the link condition of interest from system level simulation, as adopted in the MMSE-IRC receiver study in Rel-11 [7], should still apply. In particular, a DIP profile of inter-cell interference, based on the RAN1 scenarios, is established based on the SINRs of interest.   

Proposal #2: Geometries of interest should include low, medium, and high SINRs for both cell-edge and cell-average throughout improvement.

Proposal #3: Intra-cell (MU) interference link-level modeling in RAN4 can be based on well-understood precoding schemes such as ZF precoding derived from SU-PMI for DMRS-based TM, and codebook-constrained precoding for CRS-based TM5 MU transmission (e.g., just uses SU-PMI for MU transmission). 
	R4-131828
	Interference modeling for NAICS
	QUALCOMM Incorporated


Proposal 1.1: Prioritize homogeneous deployments initially, with heterogeneous scenarios with large HO bias being considered later. 

Proposal 1.2: Consider practical A3 event bias: A hysteresis offset of 4 dB which contributes to a potentially 4 dB stronger interferer even in the homogeneous scenario.

Proposal 2: Prioritize the following loading scenarios:

· Full loading across the system bandwidth (10 MHz)

· 50% loading 

Proposal 3.1: Prioritize CRS based transmissions to begin with; UERS based transmissions later in the study. CRS based transmissions are widely prevalent in current deployments. Hence greater system level gains are possible with interference mitigation for CRS based transmissions.

Proposal 3.2: Study TM2, TM3, TM4 and later on evaluate TM8/TM9/TM10.

Proposal 4: To simplify the progression of performance evaluation, we propose to address colliding CRS scenarios first if only a single dominant interferer is modeled. With two interferer scenarios, one colliding and one non-colliding CRS interferer may be evaluated. 

Proposal 5: Prioritize unicast transmission first and later on MBMS transmissions are to be considered during advanced phases of this study.

Proposal 6: Prioritize scenario with matched control spans. RAN4 initial study may assume that the control span is 2 symbols.

Agreement:
· General methodology for link level modeling
· Inter-cell interference modeling: The general principle is to reuse the same methodology used for MMSE-IRC. FFS on interference profiling under FTP model and/or full buffer. 
· FFS: Intra-cell interference modeling
· FFS: Geometries of interest
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