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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) UE receivers in LTE. The main RAN4 WG objective is to “Identify reference IS/IC receivers with and without network assistance, and evaluate their performance/complexity trade-off and implementation feasibility”. As a part of this task RAN4 WG needs to “indicate (to RAN1) assumptions on the network assistance information for the evaluated receivers under possible network coordination” [1]. In this contribution we discuss the information required to enable work of different IS/IC receivers and share our considerations on the “network assistance” framework in RAN4 studies. Additionally, initial evaluation results on the partial network assistance impact on the IS/IC receivers are provided in Section 3. 
2. Discussion

The following set of candidate enhanced IS/IC receivers is in the scope of the current LTE NAICS RAN4 WG studies:

· E-LMMSE-IRC receiver

· Full and reduced complexity ML receivers (ML/R-ML)
· Full-complexity joint detection of useful and interference signals at symbol-level in accordance to the ML criterion.
· Reduced-complexity joint detection of useful and interference signals at symbol-level in accordance to the ML criterion.
· Symbol level IC receiver (SL-IC)
· This receiver structure involves successive application of linear LMMSE-IRC detection, signal reconstruction, and cancellation of interference signals. 

· Code word level IC receivers (CW-IC)
· This receiver structure involves successive application of detection, decoding, re-encoding, and cancellation of interference signals. The receiver with LMMSE-IRC detection stage (L-CW-IC) and ML detection stage (ML-CW-IC) may exist.

The existing reference LMMSE-IRC receivers do not assume any specific knowledge of the interference signal parameters. At the same time all considered enhanced LTE NAICS candidate IS/IC receivers require additional knowledge on the dominant interference signal parameters.

2.1 Interference signal information

The following types of interference signal information required to enable LTE NAICS receivers operation may be defined:
· Type 1: Interference channel estimation. This type of assistance information is required to enable improved interference channel estimation for further enhanced IS/IC processing (i.e. per data subcarrier channel estimation for dominant interferers).
· Type 2: MIMO detection. This type of assistance information is required to enable improved MIMO detection of interference signal at symbol-level.

· Type 3: Decoding. This type of assistance information is required to enable CTC decoding of interference PDSCH signals.

The applicability of these types of information to different candidate IS/IC receiver structures is summarized in Table 1.

Table 1. Interference signal information for different IS/IC receivers
	Receiver type
	Interference signal information

	
	Type 1 
(Channel estimation assistance)
	Type 2

(MIMO detection assistance)
	Type 3

(Decoding assistance)

	E-LMMSE-IRC
	Yes
	No
	No

	ML / R-ML / SL-IC
	Yes
	Yes
	No

	L-CW-IC / ML-CW-IC
	Yes
	Yes
	Yes


The summary of required interference signal parameters for different types of interference signal information is provided in Table 2. Note that for Type 2 and Type 3 assistance information only incremental parameters are specified comparing to the Type 1 information set. 
Table 2. Summary of required interference signal information
	Interference signal information
	Interference signal information
	Granularity
	Signalling/Detection
	Comments

	Type 1 

(Channel estimation assistance)
	· Interference signal presence

· Cell ID (or Virtual Cell ID)
· CRS-based PDSCH interference signal channel estimation:

· Cell ID

· Number of CRS APs

· TM

· Spatial precoding scheme for CL-SM TMs 4 and 6: MIMO rank, PMI
· PDSCH REs signal strength (ρA, ρB)

· DMRS-based PDSCH interference signal channel estimation:

· Cell ID (or Virtual Cell ID)
· nSCID

· DMRS APs

· Other

· Interference reference signals presence and positions (CRS, DMRS, CSI-RS)

· Control region duration (CFI)
	Interference conditions may change on a PRB basis. 
	Information is provided by network or detected
	Based on the knowledge of this information the per-data subcarrier channel estimates for the interference transmission may be obtained

	Type 2

(MIMO detection assistance)
	· PDSCH signal modulation format
	· ML / SL-IC: 

· Per-PRB
· Per interference spatial layer 

· CW-IC: 

· For each codeword in colliding interference transmissions
	· ML / SL-IC: Information is provided by network or detected
· CW-IC: Information is provided by network
	

	Type 3

(Decoding assistance)
	· Interference signal resource allocation

· PDSCH RB assignment

· PDSCH RE mapping (rate-matching over CRS, DMRS, CSI-RS, EPDCCH, control region)

· Interference signal encoding scheme information

· MCS

· HARQ RV

· Soft buffer partitioning information (e.g. UE category)

· Interference signal scrambling sequence

· RNTI associated with the PDSCH transmission
	Information is required for all codewords of all colliding interference transmissions
	Information is provided by network
	Completely blind detection of this information is not possible. At least some network assistance is required.


Observations 1: 

· All considered candidate IS/IC receivers are based on the improved interference channel estimation and require knowledge of the respective Type 1 assistance information;

· ML / R-ML / SL-IC receivers require same knowledge of interference signal information which includes Type 1 interference channel estimation and Type 2 MIMO Detection assistance interference information;

· L-CW-IC and ML-CW-IC receivers require the maximum amount of interference signals information including Type 1 interference channel estimation, Type 2 MIMO Detection and Type 3 decoding assistance information.

· The channel estimation assistance information depends on the interference signal TM (CRS-based or DMRS-based).
· Completely blind detection of Type 3 (Decoding assistance) information is not possible. At least some network assistance is required.

In accordance to the LTE NAICS SID the RAN4 WG needs to “indicate (to RAN1) assumptions on the network assistance information”. In our view, to reach this objective the RAN4 WG should first agree on the set of required interference signal information required for the work of different IS/IC receivers. Thus we make the following proposal:

Proposal 1:
Discuss the set of interference signal information required for the work of different IS/IC receiver structures. Capture the agreed assumptions on the required interference signal information in the NAICS TR for each candidate IS/IC receiver structure.
2.2 Network assistance

With respect to the availability of network assistance the following scenarios may be considered:

· Full network assistance scenario. All parameters required to perform interference signal channel estimation and detection/decoding are signalled by the network to the UE. This scenario may be treated as completely non-transparent UE operation and such type of receivers is termed as genie-aided receiver in RAN4 studies. This scenario upper bounds IS/IC receivers performance, and allows to identify the most promising receiver structures and scenarios.

· No network assistance scenario. All interference signals parameters are estimated at the UE side and the UE operation is completely transparent. Such type of receivers is termed as blind receiver in RAN4 studies. This scenario may allow to understand the lower bounds of the IS/IC receivers performance. However, it cannot provide insights on the exact reasons for potential performance degradation.
· Partial network assistance scenario. In this scenario a part of parameters are signalled and the remaining parameters are detected by the UE. Different sub-scenarios may exist depending on the assumed set of signalled/detected parameters.
No network assistance and partial network assistance scenarios require implementation of additional interference parameters estimation algorithms which will result in certain performance degradation comparing with full network assistance solutions. Additionally, these algorithms may introduce additional UE implementation complexity, which needs to be carefully addressed in the RAN4 WG studies. 
Proposal 2: 

· Candidate IS/IC receivers should be analysed in application to the full network assistance scenario, first;
· CW-IC receivers should be considered in application to the full network assistance scenario only;
· E-MMSE-IRC, ML and SL-IC receivers may be considered in application to the partial network assistance (and no network assistance) scenarios
· The link-level analysis should aim to identify the potential performance loss due to absence of network assistance for different sets of non-signalled interference signal parameters.
· The link-level analysis should cover different interference environment scenarios where IS/IC receivers allow achieving performance improvements (identified during full network assistance scenario analysis).

· Additional receiver complexity aspects need to be addressed.
3. Performance Evaluation
3.1 Modulation detection
In this section, we compare partial and full network assistance scenarios assuming no a priori knowledge about modulation format of the interference signal. The latter is required in ML and SL-IC receivers. In order, to estimate the modulation format of the interferer signal the near ML modulation classification algorithm described in [2] is applied. For analysis the next set of simulation parameters summarized in Table 3 has been used (based on Phase 1 simulation assumptions). The results of link level analysis are shown in Figure 1.
Table 3. Link level simulation parameters for analysis of modulation detection.
	Interference scenario
	Scenario #1, 40% resource utilization, low SINR Case, 80%-tile I1/Noc: I1/Noc = 13.83 dB(On), I2/Noc = 3.31 dB(Off)

	Interference pattern
	On/off interference pattern 

	Transmission mode of useful signal
	TM9 (Rank 1)

	Modulation and code rate of useful signals
	MCS 5: QPSK, Rate 1/3 
MCS 14: QAM16, Rate ½ 

	Interference transmission mode
	TM9 (Rank 1) 

	Interference modulation format
	QPSK, QAM16, QAM64 

	Algorithm for modulation detection
	Near ML based modulation classification [2]
Modulation detection is done on a per PRB basis
Algorithm operates over all REs of each PRB
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a) Interference Modulation QPSK
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b) Interference Modulation QAM16
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c) Interference Modulation QAM64

	Figure 1. Link level analysis for modulation detection


Observations 2:
· Performance of non-linear receivers such as ML/SL-IC is sensitive to the modulation order of the interference signals.
· For the considered scenario (high INR ratio and one interferer) the ML receiver performance with blind modulation detection almost does not degrade, when interference is represented by QPSK and QAM16 modulations. About 1dB degradation is observed, when interference is modulated by QAM64 and blind detection is used.
· Additional analysis is needed for other INR ranges and amount of interferers to make conclusions on the performance achievable via blind modulation detection.

· The modulation detection algorithms may introduce high additional UE receiver complexity on top of the ML/SL-IC receivers (especially in case of several active interferers or rank interferers). Further study on the lower complexity modulation detection implementations and their performance is needed.

3.2 Spatial precoding scheme detection
In this section, we compare enhanced IS/IC receivers performance in partial and full network assistance scenarios assuming no a priori knowledge about spatial precoding scheme of the interference signal for the case of using TM4 for serving and interference cell transmissions. In particular, the blind estimation of interference signal PMI and MIMO rank (RI) at the UE side is considered. This type of information is required to enable enhanced channel estimation for CRS-based TM4 interference signal. The analysis is done in application to the E-LMMSE-IRC and ML receivers. To estimate the spatial precoding scheme of the interferer signal the receive signal covariance matrix matching approach is applied. The analysis is done for MIMO rank 1 configuration of useful and interference signals. The simulation parameters are summarized in Table 4.  The simulation results for the throughput performance are shown in Figure 2.
Table 4. Link level simulation parameters for analysis of spatial precoding scheme detection.

	Interference scenario
	Scenario# 1: One interferer I1/Noc = 7.68 dB 
Scenario# 2: One interferer I1/Noc = 13.83 dB

	Cell ID
	Colliding CRS scenario

	Transmission mode of useful signal
	TM4 (Rank 1)

	Modulation and code rate of useful signals
	MCS 14: QAM16, Rate ½ 

	Interference transmission mode
	TM4 (Rank 1) 

	Interference modulation and code rate
	MCS 5: QPSK, Rate 1/3

	Algorithm for PMI and MIMO rank detection
	Receive signal covariance matrix matching 
PMI and MIMO rank detection is done on a per PRB basis
Algorithm operates over all REs of each PRB
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a) Scenario #1
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b) Scenario #2


	Figure 2. Link level analysis for PMI/RI detection


Observations 3:
· Using blind detection of spatial precoding scheme for TM4 interference (PMI/RI) for enhanced IS/IC receivers may result in substantial performance degradation comparing with the full network assistance scenario. The performance degradation is ~2dB for ML receivers and is ~0.5 dB for E-LMMSE-IRC receivers.
· Additional analysis is needed for other INR ranges, useful and interference signals transmission parameters (MCS, MIMO rank) to make conclusions on the performance achievable via blind interference spatial precoding scheme detection.

4. Conclusions

In this contribution we classification of different types of interference signal information required to enable operation of the LTE NAICS receivers. Three general types of information about interference signal physical structure were identified as summarized in Table 1 and Table 2 of this document and include assistance information for 1) channel estimation 2) MIMO demodulation 3) decoding. In addition we discussed potential scenarios with respect to availability of the network assistance information (full, partial, no assistance) and provided initial link level evaluation results for ML receivers with the blind detection of the modulation format and spatial precoding scheme for interference signal. In summary, we make the following list of proposals:

Proposal 1:
Discuss the set of interference signal information required for the work of different IS/IC receiver structures. Capture the agreed assumptions on the required interference signal information in the NAICS TR for each candidate IS/IC receiver structure.
Proposal 2: 

· Candidate IS/IC receivers should be analysed in application to the full network assistance scenario, first;
· CW-IC receivers should be considered in application to the full network assistance scenario only;
· E-MMSE-IRC, ML and SL-IC receivers may be considered in application to the partial network assistance (and no network assistance) scenarios
· The link-level analysis should aim to identify the potential performance loss due to absence of network assistance for different sets of non-signalled interference signal parameters.

· The link-level analysis should cover different interference environment scenarios where IS/IC receivers allow achieving performance improvements (identified during full network assistance scenario analysis).

· Additional receiver complexity aspects need to be addressed.
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