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Foreword
This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

1
Scope

This document is related to the technical report for the study item “Study on Network Assisted Interference Cancellation and Suppression for LTE” [1]. The purpose of this TR is to capture the findings from TSG RAN WG1 and WG4 according to their respective objectives, and to draw a conclusion on way forward.
This activity involves the Radio Access work area of the 3GPP studies and has potential impacts both on the Mobile Equipment and Access Network of the 3GPP systems.
This document is a ‘living’ document, i.e. it is permanently updated and presented to TSG-RAN meetings.
2
References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

· References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

· For a specific reference, subsequent revisions do not apply.

· For a non-specific reference, the latest version applies.  In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
RP-130404, "Study on Network Assisted Interference Cancellation and Suppression for LTE". 
[2]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[3]
3GPP TR 36.932, “Study on Scenarios and Requirements of LTE Small Cell Enhancements”.

[4]
3GPP TR 36.872, “Study on Small Cell Enhancements for E-UTRA and E-UTRAN - Physical Layer Aspects”.

[5]
3GPP TR 36.819, “Coordinated multi-point operation for  LTE physical layer aspects (Release 11)”
3
Definitions, symbols and abbreviations

3.1
Definitions

Void
3.2
Symbols

Void
3.3
Abbreviations

For the purposes of the present document, the abbreviations defined in 3GPP TS 21.905 [2] and the following apply:
IC
Interference Cancellation  

IS
Interference Suppression
IRC
Interference Rejection Combining
SIC
Successive Interference Cancellation

ML
Maximum Likelihood

4
Introduction

[Editor’s note: Pasted directly from the Justification section of [1].]
To boost capacity in coping with the exponential traffic growth, both denser cell deployment and improved cell spectral efficiency are required. Co-channel interference, either from inter-cell or co-scheduled intra-cell users, is expected to become the dominant limiting factor for achieving higher network capacity. 

Historically much effort has been spent on transmission coordination to mitigate inter-user and inter-cell interference, for example via enhanced CSI feedback. However, one of the Rel-11 studies (Advanced Receivers) showed promising performance gain from practical linear interference suppression (IS) receivers that do not require any transmission coordination. Specifying interference rejection combining (IRC) receiver UE performance requirements in RAN4 is just a first step towards increasing the receiver role in the system design. In another Rel-11 work item (feICIC), non-linear interference cancellation receivers that mitigate strong CRS/PSS/SSS/PBCH interference have been shown to provide significant gain over linear receivers. 

Further enhancements to intra-cell and inter-cell interference mitigation at the receiver side could be achieved by increasing the degree of knowledge about interfering transmissions with possible coordination in the network. For example, linear IS receivers and iterative/non-iterative explicit IC receivers could be evaluated with participating transmitters coordinating and providing side knowledge of the interference such as, but not limited to, the presence and characteristics of interference, its transmission schemes including resource allocation, its reference symbols for possibly enabling channel estimation, and its modulation format and/or coding rate. 

Compared to transmission-side techniques whose performance degrades under imperfect channel knowledge at the transmitter side due to limited feedback, IS/IC receivers can alleviate the burden of channel feedback. 

Network-assisted IS/IC might require standardization effort, especially on the  signalling aspects that can enable more effective and robust UE-side interference cancellation and/or suppression with possible network coordination, as well as on the physical layer changes that can translate link-level improvement of these advanced receivers to system-level capacity gain. It is also important to study the trade-off, in terms of performance, complexity, and signalling overhead, when enabling feasible and robust interference cancellation/suppression at the UE side with and without network assistance.  

5
Study Objectives 
[Editor’s note: Pasted directly from the Objective section of [1].]
The objectives of the study item are the following:

1. (RAN1) For data/control channels of interest,  identify and agree on realistic deployment scenarios and co-channel inter- and intra-cell interference conditions (including corresponding network/transmission parameters)  for evaluating different interference cancellation (IC) or interference suppression (IS) receivers, including the following two main scenarios:

· Intra-cell interference resulted from current SU-/MU-MIMO operation 

· Inter-cell interference based on deployment scenarios prioritized in Rel-11, taking into account scenarios, once defined, under Rel-12 WIs/SIs such as small cells.

2. (RAN4) Identify reference IS/IC receivers with and without network assistance, and evaluate their performance/complexity trade-off and implementation feasibility  

· Analyze complexity and feasibility of basic receiver structures 

· Receiver structures based on linear MMSE IRC, successive interference cancellation, and maximal likelihood detection are considered as a starting point for reference IS/IC receivers

· Work can be conducted in parallel to step-1

· Based on the RAN1 scenarios agree on co-channel inter- and intra-cell interference models for link-level simulation 

· Evaluate the link-level gain over baseline Rel-11 linear MMSE-IRC receivers and Rel-11 non-linear receivers required for FeICIC

· Indicate (to RAN1) assumptions on the network assistance information for the evaluated receivers under possible network coordination 

3. (RAN1) Study and evaluate the feasibility and potential system level gain as well as specification impact of further advanced receiver:

· Develop system level modelling methodologies for the IS/IC receivers identified in step-2 including input from RAN4 on relevant impairments

· Evaluate the system-level gain of advanced receivers over LTE Rel-11 receivers 

· Identify any physical layer changes and network signalling needed to achieve the system level gain.

· Trade-off study between gain, robustness, and signalling/coordination complexity. If significant gain is identified for solutions with network assistance compared to solutions without network assistance, study the system and specification impact of network-assisted IS/IC

· Work can start at different time for different reference receivers 

Note 1 - All evaluations shall take into account practical transmission and feedback overhead/error/delay and realistic eNB and UE impairment modelling including timing/frequency error and backhaul delay.
Note 2 – The study will cover both TDD and FDD deployments, and both CRS based transmission (including PDSCH and PDCCH) and DMRS-based transmission (including PDSCH and EPDCCH). The study should take into account the co-channel interference scenarios arising from homogeneous and heterogeneous networks including small-cell related WI/SI in Rel-12. 

Note 3 – The study should consider techniques and operation scenarios in other SI/WI (e.g., enhanced DL-MIMO, enhanced CoMP, New Carrier Type, and small cell enhancement), and duplication of work should be avoided.

6
Scenarios and Targeted/Interference Channels
[Editor's note: This section will capture the findings from objective #1, including (1) channel of interest (2) network scenarios (3) interference conditions (including corresponding network/transmission parameters) ]
6.1
Network Deployment Scenarios 

The scenarios for evaluation are described in this section and Figure 1.
· NAICS Scenario 1:

· Homogeneous network, macro only, ISD = 500m

· ITU UMa channel model

· Non-ideal backhaul between sites (same assumptions as for SCE SI [4])

· Coordination assumptions:

· Intra-site information exchange is possible

· Inter-site information exchange is subject to the backhaul latency
· Note: This scenario is similar to CoMP scenario 1 in TR36.819 [5]
· NAICS Scenario 2a:

· SCE Scenario 1, with the modification that the small cell deployment is sparse not clustered 

· Backhaul assumptions:

· Between macro-cell and small cells within its coverage, and small nodes under the coverage of one macro: Non-ideal 

· Between macros of different sites: Non-ideal

· Coordination assumptions:

· Intra-site information exchange is possible

· Inter-site information exchange is subject to the backhaul latency
· NAICS Scenario 2b:

· Same as NAICS Scenario 2a, with the following exceptions:

· Backhaul assumptions between macro and small nodes within its coverage, and between small nodes under the coverage of one macro: “fibre access 4” as per TR36.932 [3]
· Coordination assumptions: 

· According to the backhaul assumptions, information exchange is possible in the following cases:

· Intra-site 

· Between a macro and a small node within its coverage

· Among small nodes within the coverage of the same macro

· According to the backhaul assumptions, the information exchange is subject to the backhaul latency in the following cases:

· Inter-site between macros 

· Between a  macro and a small node outside its coverage

· Among small nodes within the coverage of different macros 

	NAICS scenario 1
	NAICS scenario 2a
	NAICS scenario 2b
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Figure 1. NAICS Scenarios 
6.2
Targeted and Interference Channels 

[Editor's note: This section will describe the targeted data/control channel of interest and interference channels with possible prioritization (if any).]

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
General
Various candidate receiver types, which can be divided into three categories, are captured in the following sections. Each receiver type may operate under various degrees of knowledge of interferer parameters, and each receiver type may be applicable for dealing with inter-cell, intra-cell, and/or inter-stream interference. The following NAICS receivers will have different trade-offs between performance, complexity, network coordination, and network signalling, details of which are yet to be studied.
7.2
Interference Suppression (IS) receivers
[Editor's note: Further description will be provided on the receiver complexity (including definition of complexity), as well as feasibility analysis] 
IS receivers refer to receivers that apply linear filtering to the received signal to suppress the interference, as opposed to explicitly cancel the interference. Three types of IS receivers are identified:
· LMMSE-IRC: 

· It is baseline for Rel-11 MMSE-IRC study (refer to TR36.829). 

· No knowledge of interferer parameter(s) is required. 

· Enhanced LMMSE-IRC (E-LMMSE-IRC): 

· MMSE-IRC that explicitly considers interferer channel estimates and other interferer knowledge.
· Interference parameters that can enable interferer channel estimation are needed, including, for example, its DMRS or CRS with PMI/RI.

· Widely linear MMSE-IRC (WLMMSE-IRC): 

· WLMMSE-IRC exploits the additional degrees of freedom from the real and imaginary part of the received signal to enhance suppression of interference

·  Real-valued modulation may be used to increase performance of the WLMMSE-IRC receiver

7.3
Maximum Likelihood (ML)  receivers
 [Editor's note: Further description will be provided on the receiver complexity (including definition of complexity), as well as feasibility analysis] 

ML-type of receivers is non-linear in nature. Three types of ML receivers are also identified:
· ML: 

· Full-blown joint detection of useful and interference signals in accordance to the ML criterion 

· Interference parameters that can enable interferer channel estimation and interferer detection at symbol level (e.g. modulation) are needed. 

· Reduced complexity ML (R-ML): 

· Reduced complexity joint detection of useful and interference modulation symbols in accordance to the ML criterion (e.g. sphere decoding, QR-MLD, MLM, etc.)

· Same interference knowledge as for ML

· Iterative ML and Iterative R-ML: 

· Iterative MAP detection and decoding of useful and interference signals. Both successive and parallel processing implementations may be applied.

· In addition to the interference knowledge needed for ML, interference knowledge that can enable code word demodulation and decoding is needed.
· Additionally, assumptions on network coordination may be necessary.
7.4
Interference Cancellation (IC) receivers
 [Editor's note: Further description will be provided on the receiver complexity (including definition of complexity), as well as feasibility analysis] 

IC-type of receivers is also non-linear in nature. Four types of IC receivers are identified 
· Linear Code word level SIC (L-CWIC): 

· receiver utilizing successive application of linear detection (e.g.: LMMSE-IRC), decoding, re-encoding, and cancellation

· May have iteration (e.g. Turbo L-CWIC)

· May utilize CRC check (e.g. hard L-CWIC)

· Same interference knowledge as Iterative ML and Iterative R-ML. Additionally, interferer RNTI knowledge may be needed.  

· Additionally, assumptions on network coordination may be necessary.
· ML-CWIC: 

· receiver utilizing successive application of ML or reduced complexity ML detection, decoding, re-encoding, and cancellation

· May have iteration (e.g. Turbo ML-CWIC)

· May utilize CRC check (e.g. hard ML-CWIC)

· Same interference knowledge as L-CWIC

· Additionally, assumptions on network coordination may be necessary.
· Symbol level IC (SLIC): 

· successive cancellation receiver utilizing successive application of linear detection, reconstruction, and cancellation

· May have iteration

· Same interference knowledge as ML/R-ML. 
· Parallel interference cancellation (PIC): 

· Parallel IC as opposed to successive IC, otherwise similar to SIC 

· PIC receivers can be categorized into L-CW-PIC, ML-CW-PIC or SL-PIC similar to SIC

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.]
8.1.1
General 
In this section, the interference models/profiles are developed in order to assess the link level performance of NAICS receivers under realistic non full-buffer traffic. A number of interferers are explicitly modeled in link simulation based on a certain ON/OFF pattern and at several settings of SINRs and Ik/Noc where Noc is defined based on the resource utilization factor α. 
For scenario #1, two interferers will be explicitly modeled and all cells are assumed to have the same α value and Noc is defined as: 
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8.1.2
Settings of SINR and Ik/Noc
8.1.2.1
Geometry (SINR) calibration 
To determine the SINR of interest, geometry calibration under full buffer is conducted based on the system assumptions in Annex-A with further clarifications on the HO margin of 3dB and small-cell radius of 40m.

Scenario-1 geometry: 

Company inputs are captured in Figure 2 based on raw data in Table 1:
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Figure 2. Full-buffer geometry calibration for NAICS scenario-1

Table 1. Company input on geometry calibration for NAICS scenario-1
	Percentile
	NTT DOCOMO
	Intel
	Huawei
	Samsung
	LG
	MediaTek
	Nokia/NSN

	0.00
	-11.06
	-10.60
	-8.22
	-9.90
	-10.62
	-9.57
	-9.00

	1.00
	-5.57
	-5.94
	-5.30
	-5.95
	-5.93
	-6.41
	-5.89

	2.00
	-4.82
	-5.12
	-4.61
	-5.03
	-5.16
	-5.57
	-5.09

	3.00
	-4.34
	-4.60
	-4.22
	-4.48
	-4.65
	-4.94
	-4.63

	4.00
	-3.94
	-4.21
	-3.89
	-4.06
	-4.27
	-4.46
	-4.22

	5.00
	-3.61
	-3.82
	-3.56
	-3.71
	-3.91
	-4.08
	-3.88

	6.00
	-3.30
	-3.49
	-3.30
	-3.45
	-3.56
	-3.72
	-3.62

	7.00
	-3.05
	-3.20
	-3.10
	-3.20
	-3.26
	-3.47
	-3.35

	8.00
	-2.85
	-3.00
	-2.93
	-3.01
	-3.02
	-3.18
	-3.09

	9.00
	-2.57
	-2.74
	-2.65
	-2.82
	-2.76
	-2.99
	-2.81

	10.00
	-2.29
	-2.48
	-2.42
	-2.56
	-2.45
	-2.75
	-2.52

	11.00
	-1.99
	-2.19
	-2.14
	-2.27
	-2.18
	-2.52
	-2.23

	12.00
	-1.72
	-1.93
	-1.86
	-1.98
	-1.91
	-2.29
	-1.94

	13.00
	-1.44
	-1.67
	-1.59
	-1.71
	-1.63
	-2.04
	-1.67

	14.00
	-1.18
	-1.41
	-1.30
	-1.46
	-1.37
	-1.76
	-1.40

	15.00
	-0.92
	-1.15
	-1.00
	-1.18
	-1.12
	-1.52
	-1.13

	16.00
	-0.66
	-0.88
	-0.80
	-0.93
	-0.88
	-1.30
	-0.87

	17.00
	-0.41
	-0.66
	-0.52
	-0.68
	-0.63
	-1.07
	-0.62

	18.00
	-0.17
	-0.43
	-0.27
	-0.44
	-0.39
	-0.85
	-0.36

	19.00
	0.07
	-0.20
	-0.07
	-0.21
	-0.18
	-0.61
	-0.11

	20.00
	0.28
	0.03
	0.15
	0.01
	0.03
	-0.42
	0.11

	21.00
	0.50
	0.22
	0.35
	0.23
	0.21
	-0.20
	0.31

	22.00
	0.71
	0.45
	0.58
	0.42
	0.42
	0.01
	0.51

	23.00
	0.91
	0.65
	0.80
	0.64
	0.61
	0.23
	0.71

	24.00
	1.11
	0.84
	1.04
	0.82
	0.78
	0.43
	0.91

	25.00
	1.31
	1.04
	1.25
	1.01
	0.97
	0.62
	1.09

	26.00
	1.49
	1.20
	1.44
	1.19
	1.17
	0.84
	1.27

	27.00
	1.67
	1.40
	1.62
	1.37
	1.36
	1.06
	1.45

	28.00
	1.84
	1.59
	1.79
	1.55
	1.55
	1.24
	1.63

	29.00
	1.99
	1.76
	1.94
	1.73
	1.73
	1.44
	1.80

	30.00
	2.18
	1.92
	2.12
	1.92
	1.91
	1.65
	1.98

	31.00
	2.38
	2.11
	2.32
	2.07
	2.08
	1.83
	2.17

	32.00
	2.56
	2.28
	2.51
	2.28
	2.27
	2.02
	2.36

	33.00
	2.74
	2.47
	2.70
	2.49
	2.47
	2.22
	2.54

	34.00
	2.92
	2.67
	2.89
	2.68
	2.66
	2.38
	2.73

	35.00
	3.10
	2.83
	3.06
	2.85
	2.85
	2.58
	2.92

	36.00
	3.28
	3.03
	3.25
	3.03
	3.02
	2.75
	3.11

	37.00
	3.47
	3.22
	3.46
	3.20
	3.19
	2.92
	3.30

	38.00
	3.65
	3.39
	3.64
	3.37
	3.37
	3.11
	3.49

	39.00
	3.84
	3.58
	3.85
	3.57
	3.56
	3.30
	3.68

	40.00
	4.03
	3.78
	4.02
	3.77
	3.75
	3.50
	3.87

	41.00
	4.22
	3.97
	4.22
	3.94
	3.93
	3.69
	4.06

	42.00
	4.41
	4.17
	4.40
	4.13
	4.11
	3.87
	4.26

	43.00
	4.61
	4.36
	4.60
	4.32
	4.31
	4.04
	4.46

	44.00
	4.80
	4.56
	4.82
	4.51
	4.50
	4.23
	4.66

	45.00
	4.98
	4.79
	5.03
	4.71
	4.69
	4.42
	4.86

	46.00
	5.18
	4.98
	5.22
	4.89
	4.88
	4.62
	5.06

	47.00
	5.38
	5.15
	5.44
	5.12
	5.07
	4.84
	5.26

	48.00
	5.58
	5.34
	5.64
	5.34
	5.26
	5.02
	5.46

	49.00
	5.78
	5.57
	5.87
	5.56
	5.47
	5.22
	5.67

	50.00
	5.98
	5.76
	6.05
	5.74
	5.67
	5.40
	5.87

	51.00
	6.19
	5.96
	6.23
	5.94
	5.87
	5.61
	6.08

	52.00
	6.40
	6.19
	6.45
	6.14
	6.07
	5.83
	6.30

	53.00
	6.61
	6.42
	6.65
	6.33
	6.27
	6.07
	6.52

	54.00
	6.82
	6.61
	6.87
	6.55
	6.49
	6.25
	6.74

	55.00
	7.04
	6.81
	7.08
	6.77
	6.69
	6.48
	6.95

	56.00
	7.25
	7.04
	7.32
	6.99
	6.91
	6.71
	7.18

	57.00
	7.48
	7.26
	7.57
	7.16
	7.12
	6.94
	7.40

	58.00
	7.70
	7.49
	7.76
	7.41
	7.34
	7.16
	7.63

	59.00
	7.93
	7.72
	7.97
	7.63
	7.55
	7.40
	7.85

	60.00
	8.17
	7.98
	8.22
	7.86
	7.79
	7.60
	8.09

	61.00
	8.41
	8.21
	8.46
	8.12
	8.00
	7.85
	8.34

	62.00
	8.65
	8.47
	8.71
	8.35
	8.23
	8.11
	8.59

	63.00
	8.90
	8.73
	8.95
	8.60
	8.45
	8.36
	8.85

	64.00
	9.14
	8.96
	9.25
	8.87
	8.67
	8.62
	9.10

	65.00
	9.38
	9.19
	9.53
	9.16
	8.92
	8.89
	9.35

	66.00
	9.63
	9.45
	9.80
	9.43
	9.16
	9.12
	9.59

	67.00
	9.90
	9.71
	10.08
	9.71
	9.40
	9.39
	9.84

	68.00
	10.16
	9.97
	10.37
	10.01
	9.66
	9.62
	10.10

	69.00
	10.44
	10.26
	10.66
	10.23
	9.90
	9.86
	10.37

	70.00
	10.70
	10.52
	10.91
	10.54
	10.16
	10.12
	10.64

	71.00
	10.98
	10.82
	11.18
	10.82
	10.42
	10.40
	10.92

	72.00
	11.26
	11.11
	11.45
	11.10
	10.70
	10.68
	11.18

	73.00
	11.54
	11.40
	11.70
	11.37
	10.98
	10.98
	11.45

	74.00
	11.85
	11.66
	11.99
	11.70
	11.25
	11.30
	11.72

	75.00
	12.14
	11.99
	12.25
	11.98
	11.53
	11.63
	11.98

	76.00
	12.44
	12.25
	12.54
	12.26
	11.82
	11.88
	12.28

	77.00
	12.73
	12.58
	12.81
	12.60
	12.12
	12.24
	12.58

	78.00
	13.05
	12.90
	13.11
	12.90
	12.41
	12.55
	12.88

	79.00
	13.35
	13.20
	13.42
	13.24
	12.72
	12.87
	13.17

	80.00
	13.68
	13.52
	13.70
	13.60
	13.02
	13.30
	13.47

	81.00
	14.00
	13.88
	14.05
	13.95
	13.33
	13.64
	13.77

	82.00
	14.31
	14.17
	14.34
	14.27
	13.66
	13.98
	14.08

	83.00
	14.64
	14.50
	14.67
	14.62
	13.99
	14.36
	14.40

	84.00
	14.98
	14.86
	14.98
	14.97
	14.35
	14.69
	14.73

	85.00
	15.32
	15.22
	15.30
	15.28
	14.69
	15.09
	15.06

	86.00
	15.66
	15.58
	15.65
	15.63
	15.06
	15.47
	15.41

	87.00
	16.01
	15.93
	16.02
	16.03
	15.46
	15.91
	15.76

	88.00
	16.36
	16.32
	16.36
	16.42
	15.83
	16.24
	16.11

	89.00
	16.73
	16.72
	16.77
	16.81
	16.22
	16.63
	16.47

	90.00
	17.11
	17.11
	17.18
	17.21
	16.65
	17.02
	16.82

	91.00
	17.50
	17.50
	17.57
	17.67
	17.08
	17.46
	17.20

	92.00
	17.90
	17.92
	17.95
	18.07
	17.56
	17.96
	17.60

	93.00
	18.34
	18.31
	18.32
	18.52
	18.07
	18.39
	18.00

	94.00
	18.79
	18.77
	18.85
	18.86
	18.59
	18.84
	18.46

	95.00
	19.24
	19.26
	19.32
	19.29
	19.11
	19.30
	18.91

	96.00
	19.71
	19.75
	19.86
	19.75
	19.67
	19.76
	19.36

	97.00
	20.21
	20.24
	20.33
	20.31
	20.22
	20.21
	19.81

	98.00
	20.70
	20.72
	20.79
	20.81
	20.74
	20.69
	20.29

	99.00
	21.25
	21.25
	21.30
	21.36
	21.25
	21.15
	20.79

	100.00
	21.98
	21.96
	21.99
	21.97
	21.96
	21.94
	22.00


Scenario-2a/2b geometry (all UEs): 

For scenario #2a/2b with 4 small cells, all UE geometries based on company inputs are captured in Figure 3 and Table 2:
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Figure 3. Full-buffer geometry calibration for NAICS scenario #2a/2b (all UEs)

Table 2. Company input on geometry calibration for NAICS scenario-2

	Percentile
	NTT DOCOMO
	Intel
	Huawei
	Samsung
	LG
	MediaTek
	Nokia/NSN

	0.00
	-10.33
	-12.15
	-7.93
	-9.96
	-9.27
	-10.50
	-9.00

	1.00
	-5.52
	-5.47
	-5.12
	-5.92
	-5.97
	-5.85
	-5.99

	2.00
	-4.68
	-4.64
	-4.44
	-4.93
	-5.19
	-4.99
	-5.11

	3.00
	-4.09
	-4.12
	-3.93
	-4.31
	-4.67
	-4.41
	-4.61

	4.00
	-3.63
	-3.61
	-3.59
	-3.86
	-4.29
	-3.96
	-4.16

	5.00
	-3.27
	-3.29
	-3.24
	-3.49
	-3.90
	-3.53
	-3.81

	6.00
	-2.99
	-3.03
	-2.99
	-3.20
	-3.58
	-3.17
	-3.52

	7.00
	-2.71
	-2.71
	-2.69
	-2.97
	-3.26
	-2.86
	-3.23

	8.00
	-2.43
	-2.46
	-2.46
	-2.72
	-3.02
	-2.55
	-2.94

	9.00
	-2.15
	-2.13
	-2.21
	-2.45
	-2.74
	-2.30
	-2.66

	10.00
	-1.87
	-1.88
	-1.94
	-2.18
	-2.46
	-2.02
	-2.39

	11.00
	-1.59
	-1.62
	-1.64
	-1.89
	-2.17
	-1.72
	-2.11

	12.00
	-1.32
	-1.30
	-1.43
	-1.65
	-1.88
	-1.38
	-1.84

	13.00
	-1.07
	-1.04
	-1.14
	-1.38
	-1.64
	-1.02
	-1.58

	14.00
	-0.81
	-0.79
	-0.88
	-1.12
	-1.39
	-0.71
	-1.31

	15.00
	-0.54
	-0.53
	-0.62
	-0.86
	-1.12
	-0.43
	-1.05

	16.00
	-0.28
	-0.27
	-0.36
	-0.57
	-0.88
	-0.15
	-0.80

	17.00
	-0.02
	-0.02
	-0.10
	-0.34
	-0.68
	0.10
	-0.55

	18.00
	0.22
	0.24
	0.17
	-0.10
	-0.43
	0.38
	-0.31

	19.00
	0.46
	0.50
	0.40
	0.13
	-0.23
	0.65
	-0.06

	20.00
	0.71
	0.69
	0.61
	0.38
	-0.01
	0.90
	0.17

	21.00
	0.94
	0.95
	0.87
	0.62
	0.17
	1.12
	0.41

	22.00
	1.16
	1.14
	1.11
	0.85
	0.37
	1.34
	0.65

	23.00
	1.38
	1.40
	1.35
	1.06
	0.62
	1.57
	0.88

	24.00
	1.59
	1.59
	1.54
	1.26
	0.84
	1.83
	1.10

	25.00
	1.80
	1.78
	1.74
	1.46
	1.02
	2.08
	1.30

	26.00
	2.01
	1.98
	1.94
	1.67
	1.26
	2.27
	1.50

	27.00
	2.21
	2.17
	2.13
	1.87
	1.46
	2.52
	1.71

	28.00
	2.43
	2.36
	2.32
	2.06
	1.73
	2.74
	1.91

	29.00
	2.63
	2.55
	2.49
	2.26
	1.89
	2.93
	2.10

	30.00
	2.81
	2.75
	2.68
	2.45
	2.08
	3.14
	2.29

	31.00
	2.99
	2.94
	2.87
	2.63
	2.25
	3.35
	2.47

	32.00
	3.16
	3.07
	3.06
	2.80
	2.48
	3.54
	2.66

	33.00
	3.34
	3.26
	3.25
	2.99
	2.65
	3.77
	2.85

	34.00
	3.52
	3.45
	3.45
	3.16
	2.82
	3.95
	3.03

	35.00
	3.70
	3.58
	3.61
	3.34
	3.01
	4.17
	3.22

	36.00
	3.89
	3.77
	3.79
	3.53
	3.19
	4.37
	3.40

	37.00
	4.07
	3.97
	3.96
	3.69
	3.40
	4.58
	3.59

	38.00
	4.26
	4.09
	4.15
	3.88
	3.64
	4.77
	3.77

	39.00
	4.44
	4.29
	4.34
	4.06
	3.81
	4.99
	3.96

	40.00
	4.63
	4.54
	4.54
	4.25
	4.01
	5.21
	4.15

	41.00
	4.82
	4.74
	4.75
	4.45
	4.21
	5.46
	4.34

	42.00
	5.03
	4.86
	4.93
	4.65
	4.42
	5.64
	4.54

	43.00
	5.23
	5.06
	5.15
	4.83
	4.65
	5.85
	4.73

	44.00
	5.42
	5.25
	5.35
	5.01
	4.87
	6.08
	4.92

	45.00
	5.61
	5.44
	5.55
	5.20
	5.02
	6.31
	5.13

	46.00
	5.81
	5.64
	5.78
	5.40
	5.24
	6.50
	5.34

	47.00
	6.02
	5.83
	5.99
	5.59
	5.47
	6.68
	5.55

	48.00
	6.23
	6.08
	6.19
	5.79
	5.64
	6.95
	5.75

	49.00
	6.44
	6.28
	6.40
	5.99
	5.85
	7.20
	5.96

	50.00
	6.66
	6.47
	6.61
	6.20
	6.06
	7.43
	6.18

	51.00
	6.86
	6.66
	6.84
	6.40
	6.25
	7.71
	6.40

	52.00
	7.07
	6.92
	7.00
	6.60
	6.47
	7.92
	6.62

	53.00
	7.29
	7.11
	7.20
	6.79
	6.72
	8.15
	6.85

	54.00
	7.51
	7.30
	7.44
	6.99
	6.96
	8.41
	7.07

	55.00
	7.72
	7.56
	7.66
	7.21
	7.17
	8.63
	7.30

	56.00
	7.94
	7.75
	7.87
	7.44
	7.37
	8.94
	7.54

	57.00
	8.18
	7.95
	8.07
	7.65
	7.64
	9.23
	7.77

	58.00
	8.41
	8.20
	8.30
	7.86
	7.84
	9.45
	8.00

	59.00
	8.64
	8.40
	8.53
	8.08
	8.09
	9.74
	8.25

	60.00
	8.88
	8.65
	8.75
	8.32
	8.38
	9.98
	8.49

	61.00
	9.12
	8.91
	9.02
	8.55
	8.67
	10.28
	8.74

	62.00
	9.36
	9.10
	9.28
	8.79
	8.92
	10.60
	8.99

	63.00
	9.60
	9.36
	9.51
	9.04
	9.22
	10.94
	9.24

	64.00
	9.84
	9.62
	9.76
	9.26
	9.52
	11.22
	9.50

	65.00
	10.08
	9.87
	10.05
	9.52
	9.76
	11.52
	9.75

	66.00
	10.32
	10.07
	10.28
	9.78
	10.09
	11.84
	10.01

	67.00
	10.58
	10.39
	10.57
	10.02
	10.40
	12.10
	10.29

	68.00
	10.84
	10.58
	10.85
	10.28
	10.72
	12.49
	10.57

	69.00
	11.12
	10.84
	11.12
	10.57
	11.11
	12.86
	10.85

	70.00
	11.40
	11.16
	11.37
	10.87
	11.48
	13.14
	11.13

	71.00
	11.68
	11.41
	11.67
	11.18
	11.81
	13.51
	11.41

	72.00
	11.97
	11.74
	11.94
	11.44
	12.10
	13.88
	11.70

	73.00
	12.26
	11.99
	12.21
	11.74
	12.42
	14.23
	11.98

	74.00
	12.56
	12.31
	12.51
	12.06
	12.72
	14.56
	12.28

	75.00
	12.87
	12.63
	12.84
	12.36
	13.07
	14.90
	12.58

	76.00
	13.19
	12.89
	13.12
	12.70
	13.40
	15.31
	12.88

	77.00
	13.50
	13.21
	13.45
	13.00
	13.81
	15.68
	13.20

	78.00
	13.84
	13.60
	13.82
	13.33
	14.16
	16.14
	13.54

	79.00
	14.16
	13.92
	14.15
	13.66
	14.57
	16.59
	13.87

	80.00
	14.51
	14.24
	14.46
	14.00
	14.98
	17.04
	14.23

	81.00
	14.86
	14.62
	14.80
	14.37
	15.28
	17.47
	14.61

	82.00
	15.22
	14.95
	15.23
	14.74
	15.65
	17.91
	14.99

	83.00
	15.59
	15.33
	15.62
	15.13
	16.12
	18.47
	15.40

	84.00
	15.99
	15.72
	16.10
	15.54
	16.54
	18.93
	15.83

	85.00
	16.38
	16.17
	16.57
	15.92
	17.06
	19.54
	16.26

	86.00
	16.80
	16.62
	16.98
	16.31
	17.59
	20.13
	16.70

	87.00
	17.23
	17.06
	17.47
	16.77
	18.10
	20.69
	17.17

	88.00
	17.70
	17.51
	17.91
	17.26
	18.68
	21.26
	17.68

	89.00
	18.18
	18.03
	18.45
	17.72
	19.36
	21.95
	18.22

	90.00
	18.70
	18.54
	18.98
	18.23
	19.98
	22.75
	18.79

	91.00
	19.22
	19.12
	19.52
	18.78
	20.66
	23.63
	19.38

	92.00
	19.84
	19.76
	20.07
	19.40
	21.45
	24.52
	20.00

	93.00
	20.51
	20.40
	20.80
	20.10
	22.41
	25.47
	20.79

	94.00
	21.23
	21.17
	21.47
	20.88
	23.34
	26.76
	21.68

	95.00
	22.12
	22.01
	22.42
	21.72
	24.24
	27.89
	23.00

	96.00
	23.23
	23.23
	23.41
	22.97
	25.65
	29.31
	24.50

	97.00
	24.54
	24.64
	24.82
	24.47
	27.47
	31.01
	26.20

	98.00
	26.32
	26.63
	26.77
	26.38
	29.85
	33.38
	27.10

	99.00
	28.97
	29.78
	29.72
	29.04
	32.85
	36.78
	32.20

	100.00
	46.46
	52.00
	50.42
	42.73
	47.80
	62.94
	40.00


Geometries for UEs associated with small cells are captured in Figure 4. 
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Figure 4. Full-buffer geometry calibration for NAICS scenario #2a/2b (Small cell UE only)

8.1.2.2
Settings of Ik/Noc (scenario 1)
For link level simulation in scenario-1, three ranges of SINRs, defined under full loading as SINR=Es/[I1+I2+Noc(α=1)], are identified as the SINRs of interest (i.e., 5-25%, 40-60%, and 75-95%). For each SINR range, three values for I1/Noc(α) are defined, corresponding to 20/50/80%-tile points based on the distribution of I1/Noc(α).  Note that the distribution of I1/Noc(α)  is obtained from all the UEs in that SINR range and Noc(α) is obtained as 
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 . For each of the three I1/Noc(α) values at 20/50/80%-tile, both the mean and median of the conditioned I2/Noc(α) were obtained and compared, where the mean/median I2/Noc(α) is obtained from all I2/Noc(α) whose corresponding I1/Noc(α) fall within ±5%-tile of 20/50/80% (i.e., 15~25%, 45~55%, 75~85%).  
The results are captured below:

Table 3. Company input on geometry settings for NAICS scenario-1 (5~25%-tile geometries)
	Scenario #1, 5-25% geometries
	 
	NTT DOCOMO 
	Samsung
	Intel
	LG
	RIM
	Qualcomm
	Huawei
	MediaTek
	Nokia &NSN
	Mean
	Std Dev

	
	
	(dB)
	(dB)
	(dB)
	(dB)
	(dB)
	(dB)
	(dB)
	(dB)
	(dB)
	(dB)
	(dB)

	SINR_min
	 
	-3.61
	-3.72
	-3.82
	-3.72
	-3.73
	-3.64
	-3.62
	-4.09
	-3.34
	-3.70
	0.20

	SINR_max
	 
	1.31
	0.99
	1.04
	1.11
	1.12
	1.3
	1.15
	0.62
	1.65
	1.14
	0.28

	I1/Noc(40%)@20%-tile
	 
	3.66
	3.15
	3.15
	3.25
	3.06
	3.1
	3.16
	3.37
	3.63
	3.28
	0.23

	 
	I2/Noc(40%) (“mean”)
	0.63
	0.27
	0.08
	0.32
	0.14
	0.66
	0.38
	0.92
	0.15
	0.39
	0.28

	 
	I2/Noc(40%) (“median”)
	1.06
	0.67
	0.39
	0.67
	0.54
	0.64
	0.82
	1.26
	0.63
	0.74
	0.27

	I1/Noc(40%)@50%-tile
	 
	7.95
	7.8
	7.69
	7.76
	7.45
	7.49
	7.49
	7.77
	8.51
	7.77
	0.33

	 
	I2/Noc(40%) (“mean”)
	2.46
	2.01
	1.87
	1.87
	1.9
	3.13
	2.27
	2.84
	3.06
	2.38
	0.52

	 
	I2/Noc(40%) (“median”)
	2.54
	2.06
	1.89
	1.97
	2
	2
	2.31
	2.55
	3.33
	2.29
	0.46

	I1/Noc(40%)@80%-tile
	 
	13.82
	14.9
	13.97
	13.89
	13.44
	13.69
	13.51
	13.42
	14.51
	13.91
	0.50

	 
	I2/Noc(40%) (“mean”)
	4.4
	5.01
	4.39
	3.86
	4.07
	6.29
	3.72
	4.71
	4.76
	4.58
	0.77

	 
	I2/Noc(40%) (“median”)
	3.53
	3.81
	3.27
	2.88
	3.1
	2.74
	2.88
	4.24
	3.62
	3.34
	0.50

	I1/Noc(60%)@20%-tile
	 
	2.29
	1.83
	1.77
	1.88
	1.71
	1.85
	1.78
	1.72
	2.60
	1.94
	0.30

	 
	I2/Noc(60%) (“mean”)
	-0.72
	-1.05
	-1.11
	-0.96
	-1.14
	-0.52
	-0.76
	-0.73
	-0.93
	-0.88
	0.21

	 
	I2/Noc(60%) (“median”)
	-0.37
	-0.7
	-0.85
	-0.65
	-0.78
	-0.68
	-0.18
	-0.42
	-0.43
	-0.56
	0.22

	I1/Noc(60%)@50%-tile
	 
	6.47
	6.38
	6.23
	6.35
	6.03
	6.12
	6.07
	6.16
	7.16
	6.33
	0.35

	 
	I2/Noc(60%) (“mean”)
	0.94
	0.62
	0.45
	0.5
	0.43
	1.71
	0.81
	1.19
	1.63
	0.92
	0.49

	 
	I2/Noc(60%) (“median”)
	1.01
	0.7
	0.35
	0.49
	0.44
	0.61
	0.68
	0.90
	1.66
	0.76
	0.40

	I1/Noc(60%)@80%-tile
	 
	12.23
	13.31
	12.37
	12.32
	11.85
	12.13
	12.01
	11.77
	12.97
	12.33
	0.51

	 
	I2/Noc(60%) (“mean”)
	2.7
	3.33
	2.68
	2.18
	2.44
	4.57
	2.12
	2.88
	3.05
	2.88
	0.74

	 
	I2/Noc(60%) (“median”)
	1.82
	2.15
	1.58
	1.38
	1.45
	1.12
	1.5
	2.10
	1.95
	1.67
	0.35


Table 4. Company input on geometry settings for NAICS scenario-1 (40-60%-tile geometries)

	Scenario #1, 40-60% geometries
	 
	NTT DOCOMO
	Samsung
	Intel
	LG
	RIM
	Qualcomm
	Huawei
	MediaTek
	Nokia &NSN
	Mean
	Std Dev

	
	
	(dB)
	(dB)
	(dB)
	(dB)
	(dB)
	(dB)
	(dB)
	(dB)
	(dB)
	(dB)
	(dB)

	SINR_min
	 
	4.03
	3.66
	3.78
	3.87
	3.83
	3.97
	3.97
	3.50
	4.38
	3.89
	0.25

	SINR_max
	 
	8.17
	7.86
	7.98
	8.04
	7.98
	8.24
	8.09
	7.59
	8.56
	8.06
	0.27

	I1/Noc(40%)@20%-tile
	 
	2.28
	2.07
	2.07
	2.09
	2.09
	2.09
	2.1
	3.39
	2.14
	2.26
	0.43

	 
	I2/Noc(40%) (“mean”)
	-0.15
	0.56
	-0.42
	-0.44
	-0.34
	0.19
	-0.47
	0.78
	-0.49
	-0.09
	0.48

	 
	I2/Noc(40%) (“median”)
	0.29
	-0.12
	0.06
	-0.01
	0.07
	0.22
	-0.17
	1.00
	0.04
	0.15
	0.35

	I1/Noc(40%) @50%-tile
	 
	6.1
	6.17
	6.03
	6.14
	6.08
	5.92
	6.08
	7.50
	6.14
	6.24
	0.48

	 
	I2/Noc(40%) (“mean”)
	1.45
	1.19
	1.04
	1.29
	1.25
	2.39
	1.58
	1.78
	1.71
	1.52
	0.41

	 
	I2/Noc(40%) (“median”)
	1.56
	1.33
	1.33
	1.46
	1.33
	1.51
	1.82
	1.48
	2.02
	1.54
	0.24

	I1/Noc(40%) @80%-tile
	 
	12.78
	12.97
	12.74
	12.93
	12.53
	13.09
	12.75
	13.77
	13.00
	12.95
	0.35

	 
	I2/Noc(40%) (“mean”)
	4.07
	3.89
	3.99
	4.01
	4
	7.07
	4.27
	4.21
	4.29
	4.42
	1.00

	 
	I2/Noc(40%) (“median”)
	3.32
	3.32
	3.31
	3.26
	3.33
	3.79
	3.5
	3.76
	3.61
	3.47
	0.21

	I1/Noc(60%) @20%-tile 
	 
	0.86
	0.72
	0.66
	0.7
	0.7
	0.78
	0.72
	1.81
	0.87
	0.87
	0.36

	 
	I2/Noc(60%) (“mean”)
	-1.54
	-1.85
	-1.78
	-1.74
	-1.73
	-0.98
	-1.73
	-0.92
	-1.56
	-1.54
	0.37

	 
	I2/Noc(60%) (“median”)
	-1.18
	-1.51
	-1.4
	-1.39
	-1.35
	-0.96
	-1.48
	-0.73
	-1.12
	-1.23
	0.26

	I1/Noc(60%) @50%-tile
	 
	4.57
	4.69
	4.59
	4.65
	4.59
	4.5
	4.62
	5.82
	4.71
	4.75
	0.41

	 
	I2/Noc(60%) (“mean”)
	-0.13
	-0.32
	-0.45
	-0.24
	-0.32
	0.72
	-0.18
	0.23
	0.22
	-0.05
	0.37

	 
	I2/Noc(60%) (“median”)
	-0.05
	-0.26
	-0.28
	-0.18
	-0.29
	-0.25
	-0.04
	0.00
	0.40
	-0.11
	0.22

	I1/Noc(60%) @80%-tile
	 
	11.19
	11.41
	11.2
	11.34
	10.95
	11.52
	11.15
	12.09
	11.44
	11.37
	0.32

	 
	I2/Noc(60%) (“mean”)
	2.43
	2.24
	2.37
	2.34
	2.36
	5.56
	2.52
	2.38
	2.71
	2.77
	1.06

	 
	I2/Noc(60%) (“median”)
	1.67
	1.74
	1.68
	1.63
	1.69
	2.46
	1.78
	2.00
	2.00
	1.85
	0.27


Table 5. Company input on geometry settings for NAICS scenario-1 (75-95%-tile geometries)

	Scenario #1, 75-95% geometries
	 
	NTT DOCOMO
	Samsung
	Intel
	LG
	RIM
	Qualcomm
	Huawei
	MTK
	Nokia &NSN
	Mean
	Std Dev

	
	
	(dB)
	(dB)
	(dB)
	(dB)
	(dB)
	(dB)
	(dB)
	(dB)
	dB
	(dB)
	(dB)

	SINR_min
	 
	12.14
	11.94
	11.99
	11.94
	11.92
	12.02
	12.03
	11.63
	12.48
	12.01
	0.22

	SINR_max
	 
	19.24
	19.34
	19.26
	19.17
	19.18
	19.27
	19.15
	19.30
	19.42
	19.26
	0.09

	I1/Noc(40%)@20%-tile
	 
	1.22
	1.33
	1.52
	1.45
	1.41
	1.45
	1.44
	1.72
	1.20
	1.42
	0.16

	 
	I2/Noc(40%) (“mean”)
	0.03
	0.14
	0.38
	0.29
	0.21
	0.61
	0.17
	0.37
	0.10
	0.26
	0.18

	 
	I2/Noc(40%) (“median”)
	0.5
	0.65
	0.9
	0.66
	0.69
	0.85
	0.68
	0.78
	0.50
	0.69
	0.14

	I1/Noc(40%) @50%-tile
	 
	6.7
	6.57
	7.1
	6.83
	6.69
	7.07
	6.72
	5.84
	7.02
	6.73
	0.38

	 
	I2/Noc(40%) (“mean”)
	4.37
	4.42
	4.88
	4.34
	4.33
	5.54
	4.21
	3.11
	4.82
	4.45
	0.65

	 
	I2/Noc(40%) (“median”)
	5.05
	5.47
	5.99
	5.1
	5.1
	5.85
	4.49
	3.16
	5.59
	5.09
	0.86

	I1/Noc(40%) @80%-tile
	 
	17.58
	17.05
	18.07
	17.74
	17.57
	18.98
	17.18
	15.15
	18.12
	17.49
	1.05

	 
	I2/Noc(40%) (“mean”)
	15.9
	15.41
	16.39
	15.97
	15.74
	18.01
	15.14
	12.06
	16.62
	15.69
	1.60

	 
	I2/Noc(40%) (“median”)
	16.34
	15.81
	16.73
	17.07
	16.15
	17.49
	16.71
	12.51
	16.89
	16.19
	1.47

	I1/Noc(60%) @20%-tile 
	 
	-0.25
	-0.09
	0.14
	0.01
	-0.04
	0.16
	-0.03
	0.04
	-0.13
	-0.02
	0.13

	 
	I2/Noc(60%) (“mean”)
	-1.43
	-1.25
	-1.06
	-1.13
	-1.24
	-0.76
	-1.44
	-1.32
	-1.24
	-1.21
	0.21

	 
	I2/Noc(60%) (“median”)
	-0.96
	-0.75
	-0.55
	-0.77
	-0.74
	-0.49
	-0.91
	-0.90
	-0.80
	-0.76
	0.16

	I1/Noc(60%) @50%-tile
	 
	5.14
	5.03
	5.56
	5.27
	5.14
	5.57
	5.2
	4.11
	5.56
	5.18
	0.45

	 
	I2/Noc(60%) (“mean”)
	2.8
	2.9
	3.36
	2.76
	2.79
	4.21
	2.56
	1.36
	3.38
	2.90
	0.76

	 
	I2/Noc(60%) (“median”)
	3.53
	3.96
	4.48
	3.57
	3.69
	4.47
	3.37
	1.38
	4.25
	3.63
	0.94

	I1/Noc(60%) @80%-tile
	 
	16.07
	15.59
	16.56
	16.25
	16.08
	17.55
	15.69
	13.43
	16.73
	16.00
	1.13

	 
	I2/Noc(60%) (“mean”)
	14.39
	13.95
	14.88
	14.44
	14.23
	16.65
	13.78
	10.37
	15.23
	14.21
	1.68

	 
	I2/Noc(60%) (“median”)
	14.81
	14.33
	15.27
	15.59
	14.64
	16.1
	15.3
	10.79
	15.60
	14.71
	1.57


From the above company inputs, it is observed that the mean and median values of conditioned I2/Noc(α) are close and the median values are chosen and the final link level simulation conditions are captured in the table below.

Table 6. Agreed settings on  SINR, I1/Noc, and I2/Noc (in dB) for NAICS scenario-1 
	5-25% geometries

	SINR_min
	-3.70
	 
	 
	 
	 
	 
	 
	 

	SINR_max
	1.14
	 
	 
	 
	 
	 
	 
	 

	I1/Noc(40%)@20%-tile
	3.28
	diff=
	I1/Noc(40%)@50%-tile
	7.77
	diff=
	I1/Noc(40%)@80%-tile
	13.91
	diff=

	Conditioned median I2/Noc
	0.74
	2.54
	Conditioned median I2/Noc
	2.29
	5.47
	Conditioned median I2/Noc
	3.34
	10.56

	I1/Noc(60%) @20%-tile 
	1.94
	diff=
	I1/Noc(60%) @50%-tile
	6.33
	diff=
	I1/Noc(60%)@80%-tile
	12.33
	diff=

	Conditioned median I2/Noc
	-0.56
	2.50
	Conditioned median I2/Noc
	0.76
	5.57
	Conditioned median I2/Noc
	1.67
	10.66

	40-60% geometries

	SINR_min
	3.89
	 
	 
	 
	 
	 
	 
	 

	SINR_max
	8.06
	 
	 
	 
	 
	 
	 
	 

	I1/Noc(40%)@20%-tile
	2.26
	diff=
	I1/Noc(40%)@50%-tile
	6.24
	diff=
	I1/Noc(40%) @80%-tile
	12.95
	diff=

	Conditioned median I2/Noc
	0.15
	2.11
	Conditioned median I2/Noc
	1.54
	4.70
	Conditioned median I2/Noc
	3.47
	9.48

	I1/Noc(60%) @20%-tile 
	0.87
	diff=
	I1/Noc(60%) @50%-tile
	4.75
	diff=
	I1/Noc(60%) @80%-tile
	11.37
	diff=

	Conditioned median I2/Noc
	-1.23
	2.10
	Conditioned median I2/Noc
	-0.11
	4.86
	Conditioned median I2/Noc
	1.85
	9.52

	75-95% geometries 

	SINR_min
	12.01
	 
	 
	 
	 
	 
	 
	 

	SINR_max
	19.26
	 
	 
	 
	 
	 
	 
	 

	I1/Noc(40%)@20%-tile
	1.42
	diff=
	I1/Noc(40%)@50%-tile
	6.73
	diff=
	I1/Noc(40%) @80%-tile
	17.49
	diff=

	Conditioned median I2/Noc
	0.69
	0.73
	Conditioned median I2/Noc
	5.09
	1.64
	Conditioned median I2/Noc
	16.19
	1.31

	I1/Noc(60%) @20%-tile 
	-0.02
	diff=
	I1/Noc(60%) @50%-tile
	5.18
	diff=
	I1/Noc(60%) @80%-tile
	16.00
	diff=

	Conditioned median I2/Noc
	-0.76
	0.74
	Conditioned median I2/Noc
	3.63
	1.54
	Conditioned median I2/Noc
	14.71
	1.28


Since the difference between I1/Noc(α) and I2/Noc(α) is similar for α=40% and 60%, 40% was chosen to be the mandatory simulation case and 60% as optional.

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.]

9
System-level Performance Evaluation 
[Editor's note: This section will capture the system level performance evaluated under objective #3]

9.1
System-level Modelling Methodologies 
[Editor's note: This section will capture the system-level modeling for different types of receivers.]

9.2
System-level Performance Characterization  
[Editor's note: This section will capture the system-level performance for different types of receivers under different scenarios. Subsections will be created based on scenarios studied, receiver types, and the different receiver assumptions for each receiver type.]

10
Potential Specification Impact   
[Editor's note: This section will capture the study of the following bullet in objective #3: Identify any physical layer changes and network signalling needed to achieve the system level gain; and trade-off study between gain, robustness, and signalling/coordination complexity. If significant gain is identified for solutions with network assistance compared to solutions without network assistance, study the system and specification impact of network-assisted IS/IC]

Annex A: Evaluation Assumptions
	 
	Scenario 1 
	Scenario 2a/2b

	Layout
	Hexagonal grid, 3 sectors per site, 19 macro sites (optional: 7 macro sites, similar to that in SCE SI)

	System bandwidth per carrier
	10MHz 

	Carrier frequency 
	2.0GHz

	Total BS TX power (Ptotal per carrier)
	46dBm
	30 dBm (for small-cell)

	Distance-dependent path loss
	ITU UMa
	ITU UMa for macro and UMi for small cell

	Penetration loss
	For outdoor UEs:0dB
For indoor UEs: 20dB+0.5din (din : independent uniform random value between [ 0, min(25,d) ] for each link)
	For outdoor UEs:0dB
For indoor UEs: 20dB+0.5din (din : independent uniform random value between [ 0, min(25,d) ] for each link)

	Shadowing
	ITU UMa
	ITU UMi for small-cell

	Antenna pattern
	3D (referring to TR36.819)
	2D Omni-directional is baseline for small cell; directional  antenna is not precluded

	Antenna Height: 
	25m
	10m

	UE antenna Height
	1.5m

	Antenna gain + connector loss
	17 dBi
	5dBi for small cell

	Antenna gain of UE
	0 dBi

	Fast fading channel between eNB and UE
	ITU UMa
	ITU UMi for small cell

	Antenna configuration
	Baseline: 2Tx and 4Tx (0.5 lambda), cross-polarized
Baseline for UE: 2 Rx, cross-polarized (4Rx optional)
	Baseline (for small cell): 2Tx and 4Tx(0.5 lambda), cross-polarized
Baseline for UE: 2 Rx, cross-polarized (4Rx optional)

	Number of small cells per macro cell geographical area
	 
	 4 (mandatory), 10 (optional)

	Number of UEs 
	Variable per FTP model 1 

	UE dropping
	20% UEs are outdoor and 80% UEs are indoor.
	Configuration #4b as in TR36.814,
20% UEs are outdoor and 80% UEs are indoor.

	Minimum distance 
	 
	Same as CoMP Scenario #3/4 in TR36.819 
• Macro – RRH/Hotzone: >75m
• Macro – UE : >35m
• RRH/Hotzone – RRH/Hotzone: >40m
• RRH/Hotzone – UE : >10m

	Traffic model
	FTP model 1 as in TR 36.814 

	Resource utilisation factor
	For RAN1: Refer to "performance metric" in SCE evaluation assumptions. 
40% and 60% (mandatory), 20% and 70% (optional) average resource utilisation across all cells in the most loaded “layer” (i.e. macros or small cells) for the reference scheme; in case of 70%, include indication of whether offered load exceeds transmitted throughput. Comparison is made at the same offered load between the reference scheme and the evaluated scheme
(Note: RAN4 can take into account different loading levels when deriving interference profiles)

	UE receiver
	MMSE-IRC as baseline
(Note: This is for RAN1 system simulation purpose only for inter-cell interference mitigation.)

	UE noise figure
	9dB

	UE speed
	3km/h

	Number of MBSFN subframes
	-
For CRS based transmission modes: 0

-
For DMRS based transmission modes: 0 (baseline) and 6 (optional)

	Number of CRS ports
	-
For CRS based transmission modes, use number of eNB Tx antennas independent of the scenario 

-   For DM-RS based transmission modes, use min(2, number of eNB Tx Antennas) independent of the scenario

	Number of CRS ports
	-
For CRS based transmission modes, use number of eNB Tx antennas independent of the scenario 

-
For DM-RS based transmission modes, use min(2, number of eNB Tx Antennas) independent of the scenario

	Cell selection criteria
	Baseline: RSRP for intra-frequency and no CRE (optional: 6dB CRE)

	Unified handover margin
	3dB

	Network synchronization
	When evaluating under synchronization error, the error is to be defined by RAN4

	Backhaul Modeling
	Per agreement for each scenario. In addition:
• The latency and throughput values for non-ideal backhaul indicated in Table 6.1-1 of 36.932 are the baseline assumptions 
         -The latency values of  10ms is recommended for evaluation.
• How the backhaul assumptions are explicitly modeled in the simulations should be indicated by companies when presenting the results.  
• Proposals considering backhaul assumptions should analyze the influence of these assumptions on the delivery of the information to be exchanged and on the access network performance metrics.

	Coordination assumptions
	Complexity of coordination / information exchange shall be taken into account

	Performance metrics
	Mean, 5%/50%/95% UPT at the given offered traffic (for example the offered traffic resulting in a resource utilization of e.g., 10%, 30%, or 50%, for a reference scheme). 
(Note: performances should be evaluated for users in all area and for users served by small cells.)

	Considered transmission schemes from a single point
	SU-MIMO (adaptive rank-1 &2)
MU-MIMO (adaptive SU and MU). Scheduler behavior (MU pairing, precoding, rank decision, MCS decision) and assumed feedback should be described by companies in detail for reproducing results 
(Note: Baseline for comparison should be the appropriate Rel-11 technique(s) for each scenario)

	Considered inter-point transmission scheme
	Baseline: No CoMP
Optional: CoMP schemes like CBF, DPS/DPB, if considered, should be described by companies in detail for reproducing results
(Note: NAICS receivers should work with features from earlier releases. Baseline for comparison should be the appropriate Rel-11 technique(s) for each scenario.) 

	Feedback assumption
	Non-ideal CRS or CSI-RS/IMR channel/interference estimation. 

	Baseline MMSE-IRC receiver impairment modeling (demodulation)
	Non-ideal channel estimation of PDSCH for MMSE-IRC. Companies should describe simulation details for reproducing results.
For the MMSE-IRC baseline receiver in system level modeling: The IRC correlation matrix can be approximated using the complex Wishart distribution with M degrees of freedom [36.829 with DMRS based sample covariance matrix]. Details of the covariance matrices, estimation error, and statistical interference modeling should be described by each company
(Note: This is for RAN1 system simulation purpose only.)

	Receiver impairment modeling (feedback)
	Non-ideal CRS or CSI-RS/IMR channel/interference estimation. 
(Note: This is for RAN1 system simulation purpose only.)
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