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1
Introduction

During RAN4#66bis, first discussions took place in relation to the study item on network-assisted interference cancellation and suppression (NAICS) for LTE UE [1]. Meeting agreements are captured in [2] and the terminology for receiver structures under consideration was clarified in [3].
In this contribution we address two aspects:

1. We make a concrete proposal in terms of link level assumptions for discussion during RAN4#67, focusing on PDSCH-to-PDSCH interference mitigation which was agreed as first priority [2]. 
2. We provide input on interference characteristics of NAICS scenarios agreed in RAN1, under the assumption of full buffer interference.

2
Proposal for link level simulation assumptions
In the following, we provide a set of link level simulation assumptions for NAICS.
2.1
Simulation assumptions for intra-cell SU-MIMO rank-2
As discussed in several contributions submitted to RAN4#66bis [4]

 REF _Ref355005671 \r \h 
[5]

 REF _Ref355005672 \r \h 
[6]

 REF _Ref355005768 \r \h 
[7], it is seen justified to harvest the benefits of advanced receivers also for rank-2 SU-MIMO. This is because all the non-linear candidate receiver structures [3] are capable to process two data streams, regardless of whether both streams carry desired data or only one of them. Non-linear receiver structures are expected to tackle inter-stream interference in single-user multi-stream transmission to a better extent compared to baseline LMMSE receivers assumed since LTE Rel-8. No additional assistance information is required since information on precoding, resource allocation, modulation and coding rate for all streams of interest is available through DCI signalling and DM-RS (when used). Table 1 below provides a proposal for link level simulation assumptions for rank-2 SU-MIMO focusing on TM4 operation, which is known for its gain potential with enhanced UE receiver structures because of the possibility to perform per codeword rate adaptation.
Table 1: Link level simulation assumptions for SU-MIMO rank-2
	Parameter
	Scenario: 

SU-MIMO rank-2

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Transmission mode in serving cell
	TM4

	Transmission mode in interfering cells
	TM4

	MIMO configuration
	4x2, low correlation

	Channel model and Doppler frequency for target and interfering cells
	EVA5

	
	Use different channel seed for between cells

	Number of interfering cells
	2 interfering cells

	Network synchronization
	All cells are synchronous

	Geometry
	Geometry range: [0:2:30] dB

	Simulation output for alignment
	Sweep throughput vs. geometry (SINR), keep DIP(s) fixed to agreed values

	Dominant Interferer Proportion (DIP)
	DIP1=-3.04 dB; DIP2=-6.80 dB which are respectively median DIP1, DIP2 values in NAICS SCE 1

	CRS configuration
	4 CRS ports per cell with planning, non-colliding CRS between cells

	Downlink power allocation (cf. Chapter 8 of TS36.101)
	A
	-6 dB in all modeled cells

	
	B
	-6 dB in all modeled cells (PB=1)

	
	
	3 dB in all modeled cells

	CSI reference signals
	N/A

	CSI-RS periodicity and subframe offset (TCSI-RS / ICSI-RS)
	N/A

	CSI reference signal configuration
	N/A

	Subframes for demodulation
	All subframes scheduled for demodulation except subframe #5

	HARQ
	8 HARQ processes and max 4 transmissions

	Redundancy version coding sequence
	{0,1,2,3} for QPSK and 16QAM

{0,0,1,2} for 64QAM

	Feedback mode
	PUSCH 1-2

	Feedback periodicity & delay for target signal
	Feedback periodicity
	Feedback delay

	
	5 milliseconds 
	8 milliseconds

	Channel and interference estimation at UE
	Practical and realizable channel and interference covariance estimates with no a-priori knowledge of the channel state information

	Physical channels transmitted in serving cell
	PSS/SSS/PBCH

	PCFICH
	CFI = 2 in all cells

	PCFICH/PDCCH detection
	Not considered

	Physical channels transmitted in interfering cells
	PDCCH

PDSCH 
PSS/SSS/PBCH

	Desired PDSCH parameterization
	Resource allocation
	50 PRB

	
	Rank
	1. Fixed rank-2
2. Rank adaptation

	
	PMI
	Follow wideband PMI

	
	Modulation
	1. Fixed MCS (MCS1,2 for codeword 1,2 are TBD), rank-2

2. Link adaptation

	
	Code rate
	

	
	Channel coding, rate matching
	As specified in TS36.212

	
	CRC
	

	Interfering PDSCH parameterization
	Resource allocation
	Aligned with desired PDSCH resource allocation

	
	Rank
	Randomly changing rank from subframe to subframe
70% rank-1, 30% rank-2

	
	PMI
	Randomly PMI per sub-band from subframe to subframe
Frequency granularity is 6 PRBs

	
	Modulation
	16QAM modulation

	
	Code rate
	1/3

	
	Channel coding, rate matching
	As specified in TS36.212

	
	CRC
	

	Traffic model in interfering cells
	Full buffer interference

	Tx EVM
	6% in both alignment and impairment simulations

	Noc at antenna port
	[-98 dBm]

	Cyclic prefix
	Normal

	Simulation length
	10000 sub-frames at minimum

	Simulation output
	PDSCH throughput vs. geometry

	Receiver structures
	1. LMMSE-IRC as baseline for comparison

2. Companies to provide performance results for their choice of advanced receiver structures from reference [3]


2.2
Simulation assumptions for inter-cell IS/IC 
We provide preliminary simulation assumptions for inter-cell IS/IC in Table 2 below, focusing on TM10. Note that WLMMSE receiver can receive both QAM and PAM modulations.
Table 2: Link level simulation assumptions for rank-1 SU-MIMO and rank-1 inter-cell interference
	Parameter
	Scenario: 

SU-MIMO rank-1 and inter-cell interference

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Transmission mode in serving cell
	TM10

	Transmission mode in interfering cells
	TM10

	MIMO configuration
	2x2, low correlation

	Channel model and Doppler frequency for target and interfering cells
	EVA5

	
	Use different channel seed for between cells

	Number of interfering cells
	3 interfering cells

	Network synchronization
	All cells are synchronous

	Geometry
	Geometry range: [-6:1:6] dB

	Simulation output for alignment
	Sweep throughput vs. geometry (SINR), change DIP(s) according to the geometry following Figure 4.

	Dominant Interferer Proportion (DIP)
	Follow median DIP values of NAICS scenario 2 with 10 picos at each geometry factor value as in Figure 4.

	CRS configuration
	2 CRS ports per cell, colliding CRS between all cells

	Downlink power allocation (cf. Chapter 8 of TS36.101)
	A
	-3 dB in all modeled cells

	
	B
	-3 dB in all modeled cells (PB=1)

	
	
	0 dB in all modeled cells

	CSI reference signals
	Antenna ports 15, 16

	CSI-RS periodicity and subframe offset (TCSI-RS / ICSI-RS)
	5 / 2

	CSI reference signal configuration
	Serving cell
	1st interferer
	2nd interferer
	3rd interferer

	
	NZP index: 0

ZP index: 1
	NZP index: 1

ZP index: 0
	NZP index: 6


	NZP index: 7



	IMR configuration
	ZP CSI-RS index: 4

	Subframes for demodulation
	All subframes scheduled for demodulation except subframe #5

	HARQ
	8 HARQ processes and max 4 transmissions

	Redundancy version coding sequence
	{0,1,2,3} for PAM, QPSK and 16QAM

{0,0,1,2} for 64QAM

	Feedback mode
	FFS

	Feedback periodicity & delay for target signal
	Feedback periodicity
	Feedback delay

	
	5 milliseconds 
	8 milliseconds

	Channel and interference estimation at UE
	Practical and realizable channel and interference covariance estimates with no a-priori knowledge of the channel state information

	Physical channels transmitted in serving cell
	PSS/SSS/PBCH

	PCFICH
	CFI = 2 in all cells

	PCFICH/PDCCH detection
	Not considered

	Physical channels transmitted in interfering cells
	PDCCH

PDSCH
PSS/SSS/PBCH

	Desired PDSCH parameterization
	Resource allocation
	12 PRB

	
	Rank
	Fixed rank-1

	
	PMI
	Follow wideband PMI

	
	Modulation
	1. Fixed MCS

2. Link adaptation
MCS set:

WLMMSE: 

· 2-PAM {78,120,193,308,449,602,666}/1024,

· 4-PAM {378,449,490,602,666,772}/1024
· 8-PAM {378,449,490,602,666,772,873}/1024
· QPSK {78,120,193,308,449,602}/1024

· 16QAM {378,490,616}/1024 

· 64QAM {466,567,666,772,873,948}/1024
Others:

· QPSK {78,120,193,308,449,602}/1024

· 16QAM {378,490,616}/1024 

· 64QAM {466,567,666,772,873,948}/1024



	
	Code rate
	

	
	Channel coding, rate matching
	As specified in TS36.212

	
	CRC
	

	Interfering PDSCH parameterization
	Resource allocation
	Aligned with desired PDSCH resource allocation

	
	Rank
	Rank-1 interference over resources spanned by the desired signal

	
	PMI
	Randomly PMI per sub-band from subframe to subframe
Interfering PMI granularity matches resource allocation of the desired signal

	
	Modulation
	WLMMSE: M-PAM, e.g. 4-PAM

Others: QPSK modulation or 16QAM

	
	Code rate
	Option A 
	Rate 0.1 for QPSK (lowest achievable code rate for QPSK)

	
	
	Option B
	Rate 1/3 for 16QAM (lowest achievable code rate for 16QAM)

	
	Channel coding, rate matching
	As specified in TS36.212

	
	CRC
	

	Traffic model in interfering cells
	Full buffer interference

	Tx EVM
	6% in both alignment and impairment simulations

	Noc at antenna port
	[-98 dBm]

	Cyclic prefix
	Normal

	Simulation length
	10000 sub-frames at minimum

	Simulation output
	PDSCH throughput vs. geometry

	Receiver structures
	1. LMMSE-IRC as baseline for comparison

2. Companies to provide performance results for their choice of advanced receiver structures from reference [3]


3
Interference characteristics of NAICS scenarios
In RAN1#72bis meeting, NAICS scenarios for system performance studies where agreed in [8]. These scenarios are taken as input for this contribution and interference characteristics have been studied following the methodology developed during previous RAN4 advanced receiver work [9]. 
There are three NAICS scenarios that can be shortly summarized as follows. NAICS Scenario 1 is an ITU-UMa homogeneous macro network deployment case whereas NAICS Scenario 2a and 2b are ITU-Uma/UMi heterogenous network deployments. The main difference between NAICS scenarios 2a and 2b is the backhaul assumption, which is not relevant for deriving interference conditions.
3.1
Full vs. non-full buffer interference for link level investigations

In previous RAN4 work, dominant interferer proportion (DIP) was used to characterize the typical interference conditions [9]. DIPs depend essentially on the long term path loss relationships between each interfering cell in the network towards the UE of interest, and are derived under full buffer interference conditions. DIPs do not depend on:

· Number of transmitter/receiver antennas;

· Transmitter/receiver processing;

· Fast fading;
· Scheduling;

· Network backhaul characteristics. 

Current NAICS scenarios assume finite-buffer traffic [8] however there are neither agreements nor any existing methodology for deriving interference conditions for this type of traffic. However, under partial interference load, the concept of DIP does not extend in a straightforward manner. Also, we view non-full-buffer interference as more relevant for system level studies, whereas at link level, at least in a first step, full buffer interference assumption should be used in order to assess the maximum gain potential from interference suppression/cancellation. It is noted that non-full-buffer interference characterization is a currently an ongoing task in another RAN4 study item (CRS-IC in homogeneous network deployments) and duplication of work should be avoided. RAN4 may fetch the modelling, methodologies and conclusions, once ready, if deemed needed for NAICS studies.
For the above reasons, the first characterization of interference conditions should be done following well-known and agreed principles in RAN4 that is under full buffer interference assumption. 

Proposal 1: 
Start link-level studies for NAICS under the assumption of full buffer interference, by reusing existing conditional DIP-based methodology.
In the next section, geometry and DIP profiles have been extracted from system level simulations assuming full-buffer traffic.
3.2
Full buffer geometry

The geometry cumulative density function (CDF) for the full-buffer case is computed for NAICS scenarios and depicted in Figure 1. The label of the figure reads as follow:   

· “NAICS SCE 1” corresponds to NAICS Scenario 1.

· “NAICS SCE 2” corresponds to both NAICS Scenario 2a and 2b. The different backhaul characteristics assumed for these scenarios is neither relevant for geometry calculation nor DIP profiles in this contribution.

· “Small-cells-4” and “Small-cells-10” correspond to the number of small-cells present on a given macro-eNB coverage area for NAICS SCE 2. 

Figure 1 depicts the full-buffer Geometry for NAICS scenarios. It can be observed that NAICS SCE 2 could have better or worse Geometry than the NAICS SCE 1 depending on the number of small-cells assumed. 
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Figure 1: Full-buffer geometry for NAICS scenarios

In order to have a better comparison between scenarios, some operation points have been computed from fixed percentiles of the CDF (5%, 10%, 15%, 20% and 50%). The corresponding geometry operation points are tabulated in Table 3 for our three cases. For comparison, LTE Rel-11 work on interference rejection combining (IRC) considered G={-3.0, -2.5, 0.0} dB geometries [9] since the focus was mostly on cell edge UEs.
Table 3: Geometry [dB] at different points of CDF

	CDF %
	NAICS SCE 1
	NAICS SCE 2 
4 Small-cells
	NAICS SCE 2 10 Small-cells

	5%-CDF
	-1.9 dB
	-1.5 dB
	-2.3 dB

	10%-CDF
	-0.85 dB
	-0.3 dB
	-1.2 dB

	15%-CDF
	0.0 dB
	0.6 dB
	-0.4 dB

	20%-CDF
	0.8 dB
	1.5 dB
	0.2 dB

	50%-CDF
	6.1 dB
	7.2 dB
	4.5 dB


Since NAICS works spans a wide range of scenarios (intra-/inter-cell) for IS/IC and network operation (e.g. SU-and MU-MIMO), geometries of interest will not be necessarily limited to cell-edge only.

Proposal 2: 
Discuss and determine the geometries of interest for each NAICS scenarios as a first step before proceeding with conditional interference statistic extraction.
3.3
Full buffer conditional DIPs

RAN4 has defined and used DIP profiles for advanced receiver studies in [2]. Following this definition, DIP profiles conditioned to geometry have been computed for NAICS scenarios. In order to show an initial interference characterization of the scenarios, seven dominant interferers have been considered in statistics with 1 dB granularity in the geometry axis. 
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Figure 2: DIP values conditioned to geometry for NAICS SCE 1.
Figure 2 depicts the conditioned DIP profile for NAICS SCE 1. It is observed that the third dominant interferer is in most of geometry operation points below or close to -10 dB, with exception of very low geometry operation points. A second important observation is that the first and the second DIP values are fairly constant between 0 dB and 15 dB. Outside these boundaries, DIP values experience more variations. 
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Figure 3: DIP values conditioned to geometry for NAICS SCE 2 with four small cells.
Figure 3 depicts the conditioned DIP profile for NAICS SCE 2 with four small-cells. The profile shows that below G = -3dB three of the most dominant interferers have DIP value between -5dB and -10dB, but from G=-3dB onwards the third DIP value is below -10dB for the rest of the geometry values. Also, it is observed that for geometry values higher than 0dB, two most dominant interferers have fairly constant DIP.
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Figure 4: DIP values conditioned to geometry for NAICS SCE 2 with ten small cells.
Figure 4 depicts the conditioned DIP profile for NAICS SCE 2 with ten small-cells. The characteristics of the profile are very similar to the previous figure.
We summarize our observations on the full-buffer interference conditions in the NAICS scenarios agreed by RAN1:

Observation 1: 
The third dominant interferer is in most of geometry operation points below or close to -10 dB, and remaining interferers are all well below -10 dB.
Observation 2: 
The first and the second interferers have fairly constant DIP values for geometries between 0 dB and 15 dB.
From the above observations, we justify as follows the preliminary assumptions we made in Tables 1 and 2 on the number of full-buffer interferers:
Proposal 3: 
Since SU-MIMO rank-2 targets cell center UEs, consider a total of 2 explicitly modelled interferers for link level investigations.
Proposal 4: 
A single set of DIPs covering a wide range of geometries is seen sufficient for SU-MIMO rank-2 studies.

Proposal 5: 
Consider a total of 3 explicitly modelled interferers for link level investigations on inter-cell IS/IC.
4
Conclusions

In this contribution, we presented a proposal for link level simulation assumptions for NAICS for discussion during RAN4#67. We also provided analysis and results on interference characteristics of NAICS scenarios agreed by RAN1 under the assumption of full buffer interference. We ask the RAN4 group to take this input into account when discussing the next steps of the NAICS studies. 
Our proposals are summarized as follows:
Proposal 1: 
Start link-level studies for NAICS under the assumption of full buffer interference, by reusing existing conditional DIP-based methodology.

Proposal 2: 
Discuss and determine the geometries of interest for each NAICS scenarios as a first step before proceeding with conditional interference statistic extraction.
Proposal 3: 
Since SU-MIMO rank-2 targets cell center UEs, consider a total of 2 explicitly modelled interferers for link level investigations.
Proposal 4: 
A single set of DIPs covering a wide range of geometries is seen sufficient for SU-MIMO rank-2 studies.

Proposal 5: 
Consider a total of 3 explicitly modelled interferers for link level investigations on inter-cell IS/IC.
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