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1. Introduction
In RAN #59 the new Rel-12 “Study on Network-Assisted Interference Cancellation and Suppression for LTE” (LTE NAICS SI) was approved [1]. The general goal of the study item is to investigate feasibility and performance of network-assisted interference suppression and cancellation (IS/IC) receivers in LTE. In this contribution we present our views on the RAN4 WG studies framework for the LTE NAICS SI in terms of scope, objectives, tasks and analysis methodology. The details of the reference receiver structures and interference models for link-level studies are discussed in the companion contributions [2] and [3], respectively.
2. Study objectives and tasks

Based on the LTE NAICS SI objectives provided in the SI description document [1], the following more detailed list of RAN4 tasks can be identified:
· Identify reference receiver structures for different physical channels:

· Baseline receiver structures;
· Advanced receiver structures;
· Identify target scenarios:

· Interference models for link-level simulations (based on RAN1WG on realistic deployment scenarios and co-channel inter- and intra-cell interference conditions);
· Network assistance and coordination scenarios;
· Agree on analysis methodology:

· Link-level analysis assumptions and methodology;
· Receiver complexity analysis methodology;
· Provide link-level analysis:

· Analyze advanced receiver gains vs. baseline receivers;

· Compare the performance of receiver structures using different types of network-assisted information and network coordination with transparent receiver structures without network assistance;

· Provide complexity analysis for all investigated receiver types;
· Conclude the analysis and inform RAN1 on:
· Results of performance/complexity analysis;
· Assumptions on network assistance and possible network coordination;
· Relevant impairments and implementation aspects that may impact the receiver structure selection.

Note that some of the mentioned tasks (e.g. identification of target scenarios) should be based on the outcome of RAN1 study and the RAN4 WG should coordinate its work plan in a way to avoid duplication of work conducted by RAN1.

Proposal 1:
Take into account the proposed task list for further RAN4 LTE NAICS SI work planning.
3. Study scope and scenarios
The main RAN4 goal for the study item is to investigate feasibility and performance gains of network-assisted interference suppression and cancellation (IS/IC) receivers in LTE. Below we highlight our views on the scope and scenarios for the studies.
Interference environment scenarios

The study should cover different interference environment scenarios:
· Intra-cell interference scenario. Two types of intra-cell interference may exist. The first one is the inter-stream SU-MIMO interference environment. In case of two codeword SU-MIMO transmissions, SIC-based receivers may be applied without any additional network assistance and further optimization are unlikely to provide additional gains. Hence such scenarios should not be the focus of LTE NAICS studies. The second scenario is the inter-user MU-MIMO interference scenario and it may be one of the main directions for further studies.
· Inter-cell interference scenario. This is one of the main scenarios to be considered in the studies, since typical LTE deployment scenarios are inter-cell interference limited. The inter-cell interference profile and in particular dominant interference profile may vary depending on the considered deployment scenarios and use cases. Therefore additional studies of these aspects may be needed. Besides interference profile itself, the non-ideal synchronization aspects and realistic timing/frequency offset between different transmission points should be taken into account for inter-cell interference modeling. 

The analysis should not be limited by pure inter-cell scenarios and mixed interference scenarios may also be considered. For instance, it would be interesting to consider scenarios with rank 2 SU-MIMO transmissions from the serving cell (i.e. intra-cell SU-MIMO inter-stream interference) and additional interference from neighbouring cells (i.e. inter-cell interference).
Further guidance from RAN1 WG based on selected deployment scenarios and co-channel inter- and intra-cell interference conditions is required to determine the priorities of the considered scenarios.

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

Useful and interference physical channels

Advanced receiver structures need to be considered for CRS-based physical channels (including PDSCH and PDCCH) and DMRS-based physical channels (including PDSCH and EPDCCH). The set of potential advanced IS/IC receiver structures and network-assisted information for different physical channels may vary. Another important factor is that different combinations of target and interference physical channels may exist (e.g. PDSCH or EPDCCH interference for PDSCH useful channel). The interference type has impact on the available network-assisted information and hence on the receiver solution. Due to short SI timelines and large number of potential combinations of useful and interference physical channel scenarios, prioritization of RAN4 interference scenarios is proposed as shown in Table 1. However, the respective feedback from RAN1 WG on this aspect may be needed.
Table 1. Interference physical channel scenarios prioritization

	Useful physical channel
	Interference physical channel

	
	PDSCH
	EPDCCH
	PDCCH

	PDSCH
	High
	Medium
	Low

	EPDCCH
	Medium
	High
	Low

	PDCCH
	Low
	Low
	High


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.
Receiver structures

Exact UE receiver algorithms implementations may significantly vary for different vendors. However, for the sake of analysis it is important to agree on the high-level principles of the studied IS/IC reference receiver structures. The analysis should include comparison between advanced and baseline Rel-11 IS/IC UE receivers. The linear MMSE interference rejection combining (LMMSE-IRC) receiver may be considered as the baseline receiver. The set of advanced receiver structures should include non-linear maximum likelihood (ML), successive interference cancellation (e.g. MMSE-SIC, MLD-SIC) and iterative MAP-IC and MAP-SIC receivers. Additionally, throughout the study the progress on the CRS-IC techniques investigated in the parallel RAN4 SI [4] should be taken into account. More details on the reference receiver structures are discussed in the companion contribution [2].

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

The study should cover scenarios with and without network assistance. In case of presence of network assistance it is important to identify the network information required for different receiver structures. For instance, this information may include decoding assistance information for SIC receivers, modulation information for ML receivers or information to assist interference channel estimation. The network assistance may also include special cooperation between neighbouring cells. The latter one may include eNB cooperation to improve interference channel estimation.
Proposal 5:
Identify the full list of required network-assisted information for each investigated IS/IC receiver.
Network synchronization
From the network synchronization perspective the study should be focused on synchronous networks scenarios (i.e. synchronous operation among different cells in terms frame / subframe / symbol alignment). The study should provide analysis of practical time/frequency offset impact on IS/IC receivers performance. 
Proposal 6:
Consider synchronous network scenarios for evaluation of IS/IC receivers.
Number of UE receive antennas

The most part of current LTE studies typically assume that UEs are equipped with two receive antennas and same assumptions should be used for the baseline LTE NAICS scenarios. At the same time, in the LTE Rel.12 deployment timeframe the UE implementations with more than 2 receive antennas may become a reality. In fact, the SI conclusions may depend on the number of assumed receive antennas. So, it may also be useful to consider optional scenarios with larger number of receive antennas (e.g. 4 receive antennas).
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.
4. Methodology

At the initial work stage of the LTE NAICS SI it is important to agree on the analysis methodology for further studies. The RAN4 tasks scope includes both performance and complexity analysis and the views on the respective methodologies are provided below.
4.1 Link-level performance analysis

In terms of performance analysis RAN4 needs to provide detailed link-level studies and investigate the performance of network-assisted IS/IC receiver in various conditions. The following important aspects related to the link-level analysis may be highlighted:
General
· Channel estimation. The analysis should take into account practical channel estimation aspects for useful and interference signals. However, analysis with ideal channel estimation may also be considered in order to identify potential channel estimation related issues that may limit the performance of advanced receivers.
· Impairments modeling. Realistic timing/frequency offset modeling and practical algorithms for the compensation of the related effects should be considered in inter-cell interference scenarios.
PDSCH modeling
· Performance metrics. Throughput and PER metrics may be considered for the interim analysis purposes. The final analysis should use throughput metrics.
· HARQ modeling. The analysis should take into account realistic HARQ retransmission modeling as it may impact the results in terms of increased effective SIR after multiple retransmissions.
· Beamforming model. Closed-loop beamforming model based on PMI feedback should be assumed for the useful signal. Using beamforming aligned with useful channel results in the increased effective signal to interference ratio and thus may impact the efficiency of the considered IS/IC receivers. For interfering signals random beamforming approach may be applied.
· Link adaptation. The performance should be analysed at least for fixed modulation schemes. Whether link adaptation should be considered in evaluations for PDSCH needs to be further discussed.
PDCCH/EPDCCH modeling
· Performance metrics. BLER (DCI miss detection rate) performance metrics may be considered.
· Resource loading. The PDCCH/EPDCCH interference may be different from the PDSCH interference, as only a part of REs on the interference stations may be occupied. So scenarios with partial loading of interfering control channels should be analysed (e.g. 25%, 50%, 75%, 100% interference channel RE loading).
Proposal 8:
Take into account the listed link-level analysis aspects when defining the link-level modeling assumptions for further studies.
4.2 Complexity analysis

Advanced receivers may provide performance improvements at the cost of the increased UE baseband implementation complexity. For instance, considered receivers may require increased complexity of the MIMO demodulator for MLD receivers, additional CTC decoding iterations for SIC receivers and additional channel estimations for useful and interference channels. To perform complexity analysis RAN4 WG needs to discuss and define the respective complexity analysis/evaluation methodology for IS/IC receivers.

At some extent the baseband complexity analysis was previously conducted by RAN1 WG for the Rel-12 Low-cost MTC SI. The respective approach is described in the study item technical report [4]. Despite the fact that the analysis was focused on cost reduction aspects the respective methodology may be considered as a starting point for further RAN4 WG discussion. In accordance to the outcome of this study the complexity of the baseband module is implementation dependent, however it can be estimated according to some common metrics. The metrics may include number of LLR values, number of baseband signal operations/sec, number of higher layer radio protocol processing operations/sec, or number of basic baseband operations per information bit. Furthermore, the metrics may be measured in either absolute or relative (i.e. comparing to baseline receiver) terms.
At current stage of the study it is not clear whether RAN4 should define a detailed methodology for complexity analysis or some more basic approach would be enough. Given rather aggressive SI work timelines the latter alternative seems to be more realistic. In any way, it is evident the RAN4 WG should initiate the related discussion.
Proposal 9:
Recommend RAN4 WG to discuss and define complexity analysis methodology for IS/IC receivers.

5. Conclusions

In this contribution we have provided our high level views on the LTE NAICS SI framework in terms of the RAN4 study scope, objectives, tasks and analysis methodology and make the following proposals:
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.
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