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1 Introduction
This paper provides the TP for the TR 36.8xy to capture observations on the performance gains achieved by NAICS receivers with fully blind interferer parameter detection.
2 Text Proposal
=======================  Start Text Proposal  =========================== 
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7
Receiver Structures and Assumptions 
[Editor's note: This section will describe the general receiver structures studied under objective #2, including any assumption on the required parameters to for the receiver to work and how to obtain them.]

7.1 Receiver Complexity Analysis

The following is a framework for complexity analysis of NAICS receivers. The complexity of a NAICS receiver can be broken down into four parts:

a) Channel estimation complexity

b) Front-end core-receiver complexity: Detection / Demodulation 

c) Back-end core receiver complexity: Decoding

d) Parameter extraction complexity

Of particular interest is to evaluate the additional complexity of a NAICS receiver over the Rel-11 MMSE-IRC receiver. The following operations are considered for complexity of NAICS receivers in addition to the complexity of an MMSE-IRC receiver:

· INT_CHE = interferer channel estimation 

· (R-)ML_DET = (reduced-)maximum likelihood interference & desired symbol detector 

· INT_DET = interferer symbol detector 

· INT_DEC = interferer CW decoding 

· INT_SUB = interference regeneration and subtraction 

· N_ITER = number of iterations, if iterative receiver
· INT_BD = interference parameter blind detection
7.1.1 Assumptions for NAICS Receivers
Compared to the Rel-11 MMSE-IRC receiver, the channel estimation would have to include CRS-IC as well, since all the receivers considered in RAN4 require the explicit channel estimate of the interferer. 

Assumption 1: Include CRS-IC as part of channel estimation complexity of NAICS receivers since all the NAICS receivers require the interferer channel estimate.

Assumption 2: Synchronization - Synchronous network deployment is assumed for NAICS receivers in the study phase. Receiver performance evaluations consider timing and frequency synchronization error. Asynchronous network deployment can be studied in the future.”
Assumption 3: CP & Subframe alignment - Serving & interfering cells are assumed to have the same CP with subframe/slot alignment during the study item. Robustness in under mixed CP deployment could be evaluated in the work item phase.
Assumption 4: CFI - Assume that serving and interfering cells have the same starting CFI considering that NAICS study has focused on PDSCH over PDSCH. Robustness under different CFI could be evaluated under the work item phase. 

The following set of transmission parameters may impact NAICS receivers. Examples of receivers that are impacted by the following parameters include, but are not limited to SLIC and R-ML receivers.
· Transmitted signal strength, which includes the traffic to pilot ratio (Data to RS tone EPRE) for PDSCH channels. 
· Spatial precoding scheme, which varies depending on the transmission mode.
· Modulation format of the interferer.
3.1 Granularity of parameter variation: The UE could potentially see different interferers on each PRB-pair. With type-2 distributed allocation, the interferer could be different on each RB. 
7.1.2 Parameters for Complexity Evaluation
The complexity estimate will depend on the following parameters:

· Number of interferers explicitly considered by NAICS receiver

: N_INT
· Total number of layers (serving + interferer) detected / cancelled 
: L
· Number of CRS-IC iterations  










: N_ITER_CRS
· Total number of REs
 the operation ‘x’ is performed on



: Kx
· For eg: Detection and cancellation will have to be performed for all the REs in a PRB pair, whereas blind detection may be performed only on a subset of REs in order to detect the interferer parameters reliably.
The baseline MMSE-IRC receiver includes the following operations:

· Channel estimation for serving cell

· Symbol detection for serving cell

· Turbo decoding for PDSCH for serving cell

It is desirable to have a baseline complexity estimate for each receiver architecture which does not assume specifics about network signaling – Note that as network signalling becomes available, the complexity of the receiver could be further reduced by taking into account the available information.

Although there could be variations in the exact algorithms used for blind detection for each receiver type, the complexity of the blind detection of the parameters listed in the previous section is primarily dominated by the number of REs used for blind detection. Therefore, the blind detection part is treated common to both receiver types. The overall complexity of interferer parameter blind detection, INT_BD_TOTAL, is broken down into the following components.

INT_BD_TOTAL = INT_BD * N_INT 




(1)
INT_BD = INT_EPRE + INT_SS + INT_MOD 



(2)

where, 

· INT_EPRE α KEPRE, is the complexity of Data-to-RS EPRE estimation, 

· INT_SS α KSS is the complexity of spatial scheme estimation

· INT_MOD α KMOD is the complexity of spatial scheme estimation

· The number of REs used for blind detection {KEPRE, KSS, KMOD} is a design choice.

7.1.3 Additional Complexity for Blind SLIC receiver over Rel-11 MMSE-IRC
The block diagram of a SLIC receiver is shown below, capturing the basic operations of the receiver.

[image: image1.emf]
Figure 2: Block diagram for Blind SLIC Receiver
The additional operations for a SLIC receiver compared to MMSE-IRC are

· INT_CHE: Channel estimation of interfering cells 

· CRS-IC with N_ITER_CRS iterations

· INT_DET: Symbol detection for interfering cell

· INT_SUB: Interferer regeneration and subtraction

· INT_BD: Interferer parameter blind detection

The overall complexity is broken down into a core complexity part and the number of cells/iterations it is repeated for.

	Operation
	Total Complexity
	Scaling of Core Complexity of Operation Per-Run

	INT_CHE_TOTAL
	 (N_INT + 1)* N_ITER_CRS*INT_CHE
	INT_CHE α KCRS 

	INT_DET_TOTAL
	N_INT*INT_DET
	INT_DET α LKPRBPAIR

	INT_SUB_TOTAL
	N_INT*INT_SUB
	INT_SUB α LKPRBPAIR

	INT_BD_TOTAL
	N_INT* (INT_EPRE + INT_SS + INT_MOD)
	INT_BD_TOTAL α N_INT(KEPRE + KSS + KMOD)


· Let CPX_MMSE_IRC  denote the complexity of MMSE-IRC, then the complexity for a fully blind SLIC receiver is:

· Total Complexity (approx.) = CPX_MMSE_IRC + N_ITER_CRS*(N_INT+1)*(INT_CHE) + N_INT*(INT_DET + INT_SUB) + INT_EPRE + INT_SS + INT_MOD)
· The back-end decoding is performed only for the serving cell and is included in the CPX_MMSE_IRC.
Observation: The number of REs used for blind detection {KEPRE, KSS, KMOD} is a design choice. One implementation with the above framework yields an overall complexity of blind detection is INT_BD_TOTAL = n*INT_CHE_TOTAL, where n is between 1 to 4.

7.1.4 Additional Complexity for Blind R-ML receiver over Rel-11 MMSE-IRC

The block diagram of an R-ML receiver is shown below, capturing the basic operations of the receiver. 
[image: image2.emf]
Figure 3: Block diagram for R-ML

The additional operations for the R-ML receiver compared to MMSE-IRC are

· INT_CHE: Channel estimation of interfering cells CRS-IC with N_ITER_CRS iterations

· R-ML_DET: Reduced-maximum likelihood interference & desired symbol detector
· INT_BD: Interferer parameter blind detection

The overall complexity is broken down into a core complexity part and the number of cells/iterations it is repeated for. 

	Operation
	Total Complexity
	Scaling of Core Complexity of Operation Per-Run

	INT_CHE_TOTAL
	INT_CHE  = (N_INT + 1)* N_ITER_CRS*INT_CHE
	INT_CHE α KCRS 

	R-ML_DET_TOTAL
	R-ML_DET
	R-ML_DET α KPRBPAIR

R-ML_DET is polynomial in the number of layers cancelled, L.

	INT_BD_TOTAL
	N_INT* (INT_EPRE + INT_SS + INT_MOD)
	INT_BD_TOTAL α N_INT(KEPRE + KSS + KMOD)


· Let CPX_MMSE_IRC denote the complexity of MMSE-IRC, then the complexity for a fully blind R-ML receiver is:

· Total Complexity (approx.) = CPX_MMSE_IRC + N_ITER_CRS*(N_INT+1)*(INT_CHE) + N_INT*(INT_EPRE + INT_SS + INT_MOD)
· The number of REs used for CRS-IC is a maximum of 12 given the number of CRS tone locations in a PRB pair.

The front end complexity scales polynomially in the number of interferers. The back-end decoding is performed only for the serving cell and is included in the CPX_MMSE_IRC.

Observation: The number of REs used for blind detection {KEPRE, KSS, KMOD} is a design choice. One implementation with the above framework yields an overall complexity of blind detection is INT_BD_TOTAL = n*INT_CHE_TOTAL, where n is between 1 to 4.
=======================  Unchanged Sections  ===========================
8
Link-level Performance Evaluation 
[Editor's note: This section will capture the link level interference modeling and performance evaluated under objective #2]

8.1
Interference Modelling 

[Editor's note: This section will describe the link-level interference modeling based on the inter-cell interference scenario and considered inter-cell coordination schemes, as well as the intra-cell interference scenario and considered SU/MU transmission schemes.]

8.2
Link-level Performance Characterization  

[Editor's note: This section will capture the performance and robustness evaluation results for the different types of receivers considered in section 7. Subsections will be created based on receiver types and different receiver assumptions for each receiver type.]
8.2.x Inter-Cell PDSCH Interference

Link level evaluations for inter-cell interference for NAICS Scenario 1 have been carried out using the following interference model.

8.2.x.1 Inter-Cell PDSCH Interference Interference Model 

The following parameters have been used for the geometry and interference levels for link level evaluations for NAICS Scenario 1:

· SINR Range: [-3.74 dB , 1.08 dB]  (5th – 25th percentile of geometry)
· 50th percentile of I/Noc is = 7.68 dB, Conditional median I2/Noc = 2.16 dB. 

· Es/Noc sweep range for this configuration is 5.56 to 10.38 dB. [Calculated from SINR range] 
· 80th percentile of I/Noc is = 13.83 dB, Conditional median I2/Noc = 3.31 dB. 

· Es/Noc sweep range for this configuration is 10.62 to 15.44 dB. [Calculated from SINR range]
8.2.x.2 Simulation Parameters: 
· Case 1: 

Serving cell: TM4 with rank switching
Interferer1: TM4 

Interferer 2: TM4

· Case 2: 

Serving cell: TM2

Interferer1: TM3

Interferer 2: TM2

· MCS/Rank of each interferer is fixed within a burst and changes from burst to burst with a certain probability distribution as listed below.

· Arrival Rate: Interferer packet arrival is a Poisson process with an arrival rate to achieve 40% partial loading.
· A mean IAT of [700] ms is chosen
· Rank: RI=1/2 is randomly chosen according to [50/50]% probability for each interferer packet
· MCS (for each interferer packet): 
· When RI=2: MCS 5 ([30]% prob), MCS 14 ([40]%), MCS 19 ([30]%)

· When RI=1: MCS 8 ([30]% prob), MCS 16 ([40]%), MCS 22 ([30]%)
· Outer loop is enabled for the serving cell.
1. Loading Level: A loading level of 40% is used for the simulation results presented here.
2. File Size: Interferer file size is assumed to be 0.5 MB. For simplicity of evaluations, the serving is always assumed to be ON – therefore the interpretation of the throughput results is that of the perceived UE throughput.
It is concluded that advanced receivers such as SLIC and R-ML with fully blind detection of interferer parameters can provide up to 4-5 dB gain for the 80% I1/Noc case and up to 2 dB for the 50% I1/Noc case compared to the baseline Rel 11 MMSE-IRC receiver.
Simulation Results are Provided by following Source Companies:
Source Company 1: Qualcomm Incorporated
Source Company 2: 

NAICS Link Level Evaluations with 40% Partial Loading:
Blind SLIC Receiver:
Results from Source Company 1:
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Figure 1: TM4 Interferer + TM4 Interferer with 50% I1/Noc Levels (I1/Noc = 7.68 dB, I2/Noc = 2.16 dB), TM4 Serving Cell with Rank Switching: Average Throughput of Blind SLIC receiver
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Rel-11 MMSE-IRC Receiver
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Figure 2: TM4 Interferer + TM4 Interferer with 80% I1/Noc Levels (I1/Noc = 13.83 dB, I2/Noc = 3.31 dB), TM4 Serving Cell with Rank Switching: Average Throughput of Blind SLIC receiver
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Figure 3: TM3 Interferer + TM2 Interferer with 50% I1/Noc Levels (I1/Noc = 7.68 dB, I2/Noc = 2.16 dB), TM2 Serving Cell: Average Throughput of Blind SLIC receiver
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Figure 4: TM3 Interferer + TM2 Interferer with 80% I1/Noc Levels (I1/Noc = 13.83 dB, I2/Noc = 3.31 dB), TM2 Serving Cell: Average Throughput of Blind SLIC receiver

Results from Source Company 2:
Results from Source Company 3:
Blind R-ML Receiver:
Results from Source Company 1:
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Figure 5: TM3 Interferer + TM2 Interferer with 50% I1/Noc Levels (I1/Noc = 7.68 dB, I2/Noc = 2.16 dB), TM2 Serving Cell: Blind R-ML receiver performance
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Figure 6: TM3 Interferer + TM2 Interferer with 80% I1/Noc Levels (I1/Noc = 13.83 dB, I2/Noc = 3.31 dB), TM2 Serving Cell: Blind R-ML receiver performance
Results from Source Company 2:
Results from Source Company 3:
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