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1 Introduction
Performance results for SLIC and R-ML receivers were presented for Phase-1 of link level evaluations in [3][5]. In addition, the reader is referred to [4] and [6] for Phase-2 of link level evaluations for the SLIC and R-ML receivers with fully blind detection of UE parameters. These link level performance results show promising gains for fully blind SLIC and R-ML receivers across the scenarios of interested considered by RAN4. The gains of a genie-aided receiver compared to a fully blind receiver are incremental, suggesting that blind detection is a viable choice for NAICS receivers.
In this paper, we discuss the framework for complexity analysis of NAICS receivers proposed in offline e–mail discussions in the RAN4 WG and extend it to blind receivers. Specifically, we discuss the complexity of SLIC and R-ML receivers. The complexity of any 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
Our overall approach to complexity analysis is to identify the functional blocks and the key parameters that impact complexity. Further details may be different across implementations by companies.
2 Assumptions and Parameters
The total complexity of a NAICS receiver has the following four components: channel estimation, front end (detection), back end (decoding) and lastly, interferer parameter extraction. During the e-mail discussions, it was proposed that the following operations be 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

The above operations capture the channel estimation, front and back-end operations quite well. We propose to add the following aspect to the complexity analysis.

· INT_BD = interference parameter blind detection
2.1 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. 
Proposal 1: Include CRS-IC as part of channel estimation complexity of NAICS receivers since all the NAICS receivers require the interferer channel estimate.

Also included are the assumptions that were agreed to during the e-mail discussions in RAN4.

Assumption 1: 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 2: 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 3: 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. 
2.2 Parameters for Complexity Evaluation

The complexity estimate will depend on the following parameters:

· Number of interferers explicitly considered by NAICS receiver

: N_INT
· N_INT = 2 for NAICS Scenario 1
· 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
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 interference mitigation purposes, but it is part of the RAN1/2 efforts on the same study item. 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.

Proposal 2: Evaluate complexity of fully blind NAICS receivers under the assumption of no network signalling as a baseline.
2.3 Signalling Assumptions/Requirements

We list the set of transmission parameters of the interferer that impact the SLIC / R-ML receivers.
· Transmitted signal strength, which includes the traffic to pilot ratio (Data to RS tone EPRE) for PDSCH channels. 
Assumption 4: The value of Data to RS tone EPRE is determined by two parameters in the specifications: PA and PB. PA, a UE specific parameter, can be semi-static and PB, a cell specific parameter, is static. This document evaluates the complexity of estimation of PA whereas PB is assumed to be either fixed to a long term constant value through coordination or estimated over the long term. Since the blind estimation of PB would be over a long period of time, the per-TTI complexity is relatively negligible.
Assumption 5: For rank1 transmissions using QPSK, the current specifications do not limit the EPRE to within a restricted set of values, although such a restriction could be helpful for performance-complexity improvement for blind detection. This document assumes that the restriction of EPRE applies to QPSK-rank1 transmissions as well.
Proposal 3: Propose to apply restriction on the values of EPRE based on the PA value for QPSK-rank1 transmissions as well, as it is currently done for other modulation formats.
· Spatial precoding scheme, which varies depending on the transmission mode.
· Modulation format of the interferer.
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. This document assumes that the interference properties are the same across a PRB-pair.
Proposal 4: Propose to consider interferer allocation to be same across a PRB pair.
Therefore, the granularity of variation of the above parameters is per RB-pair in this document.
Although there could be variations in the exact algorithms used for blind detection for each receiver type, the complexity of the blind detection part for SLIC & R-ML receivers is primarily dominated by the number of REs used for blind detection. Therefore, we treat the blind detection part 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.

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)
Observation: The number of REs used for blind detection {KEPRE, KSS, KMOD} is a design choice. Performance results presented in [3]-[6] for Phase 1 and Phase 2 simulation results include practical choices of number of REs and the overall complexity of blind detection is INT_BD_TOTAL = n*INT_CHE_TOTAL, where n is between 1 to 4.

The back-end decoding is performed only for the serving cell and is included in the CPX_MMSE_IRC.

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.
5 Conclusions
Proposal 1: Include CRS-IC as part of channel estimation complexity of NAICS receivers since all the NAICS receivers require the interferer channel estimate.
Proposal 2: Evaluate complexity of fully blind NAICS receivers under the assumption of no network signalling as a baseline.

Proposal 3: We propose that Data-to-CRS EPRE for QPSK-rank1 transmissions follow a restricted set of values based on the PA value, as it is currently done for other modulation formats.
Proposal 4: Propose to consider interferer allocation to be same across a PRB pair for NAICS receivers.
Blind Detection Complexity for SLIC & R-ML Receivers:

· Blind detection algorithms are implementation specific and may depend on the receiver type used.
· The complexity of the blind detection part for SLIC & R-ML receivers is primarily determined by the number of REs used for blind detection of Data-to-CRS EPRE, spatial precoding scheme and modulation order.
Observation: The number of REs used for blind detection {KEPRE, KSS, KMOD} is a design choice. Performance results presented in [3]-[6] for Phase 1 and Phase 2 simulation results include practical choices of number of REs and the overall complexity of blind detection is INT_BD_TOTAL = n*INT_CHE_TOTAL, where n is between 1 to 4 and INT_CHE_TOTAL  is the total complexity of CRS-IC.
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