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1 Introduction
Complexity analysis for SLIC and R-ML receivers was presented in RAN4 #68bis [7]. The framework proposed was based on capturing the complexity of key receiver functionalities including channel estimation, symbol detection/cancellation and UE blind detection of interferers’ parameters as required by the receiver. In the last RAN4 meeting, a WF on the complexity analysis framework was agreed on [8]. In this paper, we provide complexity analysis using this framework for Blind SLIC and Blind R-ML receivers. The analysis provided captures the following aspects of receiver implementation:

a) Channel estimation complexity

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

c) Back-end core receiver complexity: Decoding

d) Parameter extraction complexity
2 Assumptions and Parameters
2.1 Parameters for Complexity Evaluation

The complexity estimate will depend on the following parameters:
Parameters:
· C_MMSE-IRC_TOT = Total complexity of LMMSE-IRC

· INT_CHE_TOT = interferer channel estimation

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

· INT_DET_TOT = interferer symbol detector

· INT_DEC_TOT = interferer CW decoding

· INT_SUB_TOT = interference regeneration and subtraction

· INT_BD_TOT = interference parameter blind detection for the parameters which are blindly detected by the UE

· CRS_N_PORTS = Number of CRS ports

· N_ITER = number of iterations, if iterative receiver is used

· LS: Number of Layers for serving cell

· LI,k: Number of layers for interferer ‘k’

· N_INT: Number of interferers explicitly considered/cancelled by NAICS receiver

· Kx= Number of REs over which operation ‘x’ is performed.

· Tx = Periodicity of the operation ‘x’, i.e. how often the operation ‘x’ is performed (time domain).

· Fx= Granularity of the operation ‘x’, i.e. operation done per PRB, subband or wideband (frequency domain)

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










: 

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
In the following sections, we provide analysis for the additional complexity of a fully blind SLIC receiver and a fully blind R-ML receiver. Currently, no network signaling exists for NAICS therefore it is desirable to have a baseline complexity estimate for each receiver under the assumption of no 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.

2.2 Signalling Assumptions/Requirements

We list the set of transmission parameters of the interferer that impact the SLIC / R-ML receivers.
Traffic to Pilot Ratio, (Data to RS tone EPRE) for PDSCH transmissions:
Proposal 1: Propose that data-to-CRS EPRE for QPSK with rank1 transmissions should follow the PA value, as it is currently the case for other modulation schemes.
Currently, P_A can take 8 different values: Large variation can impact performance/complexity. 
Proposal 2: Propose to semi-statically restrict PA values to a smaller set namely {0, + 3dB, -3dB} to reduce UE complexity while potentially improving performance without loss of flexibility at the base station.
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. However, in order to limit UE complexity, we propose the following.
Proposal 3: Propose that interferer allocation is the same across a PRB pair.
Spatial precoding scheme:
Proposal 4: Propose that the UE detect interferer spatial precoding scheme blindly.

Modulation scheme:
Proposal 5: Propose that the UE detect interferer modulation order blindly.

3 Additional Complexity for Blind SLIC receiver over Rel-11 MMSE-IRC
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4 Additional Complexity for Blind R-ML receiver over Rel-11 MMSE-IRC
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5 Conclusions
Proposal 1: Propose that data-to-CRS EPRE for QPSK with rank1 transmissions should follow the PA value, as it is currently the case for other modulation schemes.

Proposal 2: Propose to semi-statically restrict PA values to a smaller set, namely {0, + 3dB, -3dB} to reduce UE complexity while potentially improving performance without loss of flexibility at the base station.
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. However, in order to limit UE complexity, we propose the following.

Proposal 3: Propose that interferer allocation is the same across a PRB pair.

Proposal 4: Propose that the UE detect interferer spatial precoding scheme blindly.

Proposal 5: Propose that the UE detect interferer modulation order blindly.

· Complexity Analysis is provided for SLIC & R-ML Receivers including channel estimation, detection/cancellation and UE blind detection of interferer parameters. 
· With practical choices of parameters, the overall complexity of blind detection is between 1 to 4 times the total complexity of CRS-IC.
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