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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.

Introduction

The concept of a joint optimization of multiuser (MU) operation from both transmitter and receiver’s perspective has the potential to further improve MU system capacity even if the transmission/precoding is non-orthogonal which could come from, for example but not limited to, the simultaneous transmission of a large number of non-orthogonal beams/layers with the possibility of more than one layer of data transmission in a beam. Such non-orthogonal transmission could allow multiple users to share the same resource elements without spatial separation, and allow improving the MU system capacity for networks. An example of such joint Tx/Rx optimization associated with adaptive Tx power allocation and CW-IC receiver is recently a remarkable technical trend, including schemes based on superposition coding. Joint Tx/Rx optimization might require standardization effort. Hence it is important to study the trade-off, in terms of system performance, complexity, and signalling overhead.
A study item, “Study on Downlink Multiuser Superposition Transmission,” was approved at 3GPP TSG RAN #67 [2].  This study is to evaluate the system performance of potential LTE enhancements enabling downlink multiuser superposition transmission (MUST). The objectives of the study include the definition of target deployment scenarios and an evaluation methodology for MUST, identification of potential MUST schemes and corresponding LTE enhancements, an assessment of feasibility and system-level performance of the potential MUST schemes. The results and findings of the study are documented in this technical report.
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Scope
The present document captures the results and findings of the study item “Study on Downlink Multiuser Superposition Transmission” [2].  The purpose of this TR is to document the identified LTE enhancements to enable downlink multiuser superposition transmission and corresponding evaluation results in the target deployment scenarios.
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 defines evaluation methodology and target deployment scenarios for the study on downlink multiuser superposition transmission.

This document identifies LTE enhancements and potential specification impacts to enable downlink multiuser superposition transmission.

This document contains an assessment of feasibility and performance of the identified LTE enhancements to enable downlink multiuser superposition transmission.

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] 
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2] 
RP-150496: "New SI Proposal: Study on Downlink Multiuser Superposition Transmission for LTE", 3GPP RAN Plenary Session #66, Maui, USA, Dec. 8-11, 2014.
[3] 
RP-151100: “Revised SID: Study on Downlink Multiuser Superposition Transmission for LTE”, 3GPP RAN Plenary Session #68, Malmo, Sweden, June 15-18, 2014..
[4] 
3GPP TR 36.866: “Study on network-assisted interference cancellation and suppression for LTE”.
[5] 
RP-141895, “Motivation for Enhanced Multiuser Transmissions and Network Assisted Interference Cancellation for LTE”, MediaTek Inc., 3GPP RAN Plenary Session #66, Maui, USA, Dec. 8 -11, 2014.

[6] 
RP-141917, “Motivation for a study on enhancements for multiuser transmission in R13”, RP-141917, Huawei, HiSilicon, 3GPP RAN Plenary Session #66, Maui, USA, Dec. 8-11, 2014. 
[7] 
RP-141936, “Justification for NOMA in New Study on Enhanced Multi-User Transmission and Network Assisted Interference Cancellation for LTE”, NTT DOCOMO, 3GPP RAN Plenary Session #66, Maui, USA, Dec. 8 -11, 2014.

[8] 
R1-152493, “Candidate Schemes for Superposition Transmission”, Huawei, HiSilicon, 3GPP RAN1 Session #81, Fukuoka, Japan, May 25-29, 2015.

[9] 
R1-153333, “Candidate non--orthogonal multiplexing access scheme”, NTT DOCOMO, 3GPP RAN1 Session #81, Fukuoka, Japan, May 25-29, 2015.

[10] 
R1-153044, “Downlink multiuser superposition transmission scheme”, MediaTek Inc., 3GPP RAN1 Session #81, Fukuoka, Japan, May 25-29, 2015.
[11] 
R1-154184, “Bit to Symbol Mapping for Multiuser Superposition Transmission,”  Samsung, 3GPP RAN1 Session #82, Beijing, China, Aug 24-28, 2015.

[12] 
R1-152806, “Multiuser superposition schemes”, Qualcomm Inc., 3GPP RAN1 Session #81, Fukuoka, Japan, May 25-29, 2015.

[13] 
R1-152974, “Potential transmission schemes for MUST”, ZTE, 3GPP RAN1 Session #81, Fukuoka, Japan, May 25-29, 2015.

[14] 
R1-153058, “Constellation mapping enhancements for downlink multiuser superposition transmission”, Sharp, 3GPP RAN1 Session #81, Fukuoka, Japan, May 25-29, 2015.

[15]  
R1-152762, “Discussion on multiuser superposition schemes and initial link level results”, LG Electronics, 3GPP RAN1 Session #81, Fukuoka, Japan, May 25-29, 2015.
[16] 
R1-154454, “Multiuser superposition transmission scheme for LTE”, MediaTek Inc., 3GPP RAN1 Session #82, Beijing, China, August 24-28, 2015.
[17] 
R1-154656, “Discussion on the DL superposed transmissions schemes”, Nokia Networks, 3GPP RAN1 Session #82, Beijing, China, August 24-28, 2015.

[18] 
R1-153985, “Discussion on downlink multiuser superposition schemes and signaling assistance”, Intel Corporation, 3GPP RAN1 Session #82, Beijing, China, August 24-28, 2015.
[19] 
R1-154701, “Candidate schemes for superposition transmission based on dirty paper coding”, Xinwei, 3GPP RAN1 Session #82, Beijing, China, August 24-28, 2015.
[20] 
R1-154458, “Link-abstraction method for ML receiver in MUST”, MediaTek Inc., 3GPP RAN1 Session #82, Beijing, China, August 24-28, 2015.
[21] 
R1-151873, “Candidate schemes for superposition transmission”, Huawei, HiSlicon, 3GPP RAN1 Session #80bis, Belgrade, Serbia, Apr. 20-24, 2015.
[22]  
IEEE 802.16m-08/004r2, “IEEE 802.16m Evaluation Methodology Document (EMD)”, IEEE 802.16 Broadband Wireless Access Working Group.
[23]  
R1-154749, “System-level evaluation results for downlink multiuser superposition schemes”, NTT DOCOMO, 3GPP RAN1 Session #82, Beijing, China, August 24-28, 2015.
[24]  
R1-154545, “MuST Link Level Performance and Receiver Modeling”, Ericsson, 3GPP RAN1 Session #82, Beijing, China, August 24-28, 2015.
[25]  
R1-153986, “System-level modelling of the downlink multi-user superposition transmission schemes”, Intel Corporation, 3GPP RAN1 Session #82, Beijing, China, August 24-28, 2015.
[26]                  R1-155700,  “Link-level performance for downlink MUST”, MediaTek Inc., 3GPP RAN1 Session #82bis, Malmo, Sweden, October 5-9, 2015.
[27]                  R1-156096, “Link-level performance of downlink multi-user superposition transmission schemes”, Intel, 3GPP RAN1 Session #82bis, Malmo, Sweden, October 5-9, 2015.
[28]                  R1-155408, “Link-level performance evaluation for MUST”, LG Electronics, 3GPP RAN1 Session #82bis, Malmo, Sweden, October 5-9, 2015.
[29]                  R1-155640, “Link-level performance of MUST schemes”, Huawei, HiSilicon, 3GPP RAN1 Session #82bis, Malmo, Sweden, October 5-9, 2015.
[30]                  R1-153822, “Link level simulations for downlink MUST”, Alcatel-Lucent, 3GPP RAN1 Session #82, Beijing, China, August 24-28, 2015.
[31]                  R1-154537, “Link-level evaluation results for downlink multiuser superposition schemes”, NTT DOCOMO Inc., 3GPP RAN1 Session #82, Beijing, China, August 24-28, 2015.
[32]                  R1-154058, “Preliminary link level simulation results for MUST”, ZTE, 3GPP RAN1 Session #82, Beijing, China, August 24-28, 2015.
[33]                  R1-154220, “Block error rate evaluation of link-level simulation”, Sony Corp., 3GPP RAN1 Session #82, Beijing, China, August 24-28, 2015.
3
Definitions, symbols and abbreviations
3.1
Definitions

For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].

3.2
Symbols

For the purposes of the present document, the following symbols apply:

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. 
An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].

IC




Interference Cancellation

IRC



Interference Rejection Combining
SIC



Successive Interference Cancellation

ML



Maximum Likelihood
4
Targeted network deployment and intra-cell interference scenarios
Editor notes: Describe targeted network deployment and intra-cell interference scenarios for the performance evaluation of multiuser superposition transmission schemes.
4.1
Network deployment scenarios
The network deployment scenarios for evaluation are described in this clause and Figure 4.1-1.
· MUST Scenario 1:

· Homogeneous network
· Macro cells only, ISD = 500m
· 2, 4 and 8 transmit antennas
· No intra-site and inter-site coordination is assumed
· MUST Scenario 2:
· Heterogeneous network with non-co-channel deployment
· Macro cells, ISD = 500m
· Small cells, uniformly distributed within the geographical area of a macro cell
· 2, 4 and 8 transmit antennas for macro cells
· 2 transmit antennas for small cells
· No intra-site and inter-site coordination is assumed
· MUST Scenario 3:
· Heterogeneous network with co-channel deployment
· Macro cells, ISD = 500m
· Small cells, uniformly distributed within the geographical area of a macro cell
· 2, 4 and 8 transmit antennas for macro cells
· 2 transmit antennas for small cells
· No intra-site and inter-site coordination is assumed
	MUST Scenario 1
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	MUST Scenario 2
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	MUST Scenario 3
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Figure 4.1-1: MUST Scenarios
4.2
Intra-cell interference scenarios
The targeted physical channel for evaluation is PDSCH/PMCH, i.e. only superposition transmission of PDSCHs/PMCHs to co-scheduled/received users will be evaluated and superposition transmission of PDSCH/PMCH and other physical channel or superposition transmission of other physical channels is not considered for evaluation in this study.  However, the evaluation works for the superposition transmission of PMCHs should be done with 2nd priority in this study if time permits [3].
In MUST, a spatial layer may consist of multiple superposed data layers using the same spatial percoding vector or same diversity transmission scheme for co-scheduled users.  For the scheme of using the same spatial precoding vector, it can be generalized as the cases when rank-K1 precoder matrix for UE1 is 
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 and rank-K2 precoder matrix for UE2 is 
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, where 1 ≤ aj ≤ K1, 1 ≤ bj ≤ K2 and K ≤ min(K1, K2).  For MUST evaluation, up to two superposed data layers for two co-scheduled users within one spatial layer are considered.  The maximal number of spatial layer within a cell is dependent on the number of transmit antennas processed by an eNB, e.g. up to 2/4/8 spatial layers can be supported by an eNB with 2/4/8 transmit antennas, respectively.
The evaluation works for the superposition transmission using the following combinations of mixed transmission schemes can be considered in this study if time permits.

· Transmit diversity scheme and large delay CDD scheme

· Transmit diversity scheme and closed-loop spatial multiplexing scheme

· Transmit diversity scheme and up to 8 layer transmission scheme

· Single-antenna port scheme (port 7 or 8) and large delay CDD scheme
5
Multiuser superposition transmission schemes
Editor notes: Describe candidate multiuser superposition transmission schemes, potential specification impacts, UE complexity analysis and link-level performance.
5.1 
Candidate multiuser superposition transmission schemes

This subsection describes MUST schemes enabling the simultaneous transmission of more than one superposed data layer for co-scheduled users using the same spatial precoding vector or the same transmit diversity. Three key characteristics are identified in Table 5.1-1 for the categorization of MUST schemes proposed in -19[5]
. Based on the listed characteristics, the proposed MUST schemes can be categorized into three categories – MUST Category 1 [5,6,7,8,9,10,18,19], MUST Category 2 [6,8,9,11,13,14,15,16],  MUST Category 3 [8,12,17]. More details are described in the following sections.

Table 5.1-1: Classification of MUST schemes and their key characteristics
	Categories
	Power ratio
	Gray mapping
	Label-bit assignment

	MUST Category 1
	adaptive, on component constellations
	N
	on component constellations

	MUST Category 2
	adaptive, on component constellations
	Y
	on the composite constellation

	MUST Category 3
	N/A
	Y
	on the composite constellation


Among the two UEs that are superposed, the UE with higher SINR is considered as MUST-near UE, while the UE with lower SINR is considered as MUST-far UE.
5.1.1

MUST Category 1: Superposition transmission with adaptive power ratio on component constellations and non-Gray-mapped composite constellation
This category includes MUST schemes with independent mapping of coded bits of two or more co-scheduled UEs to component constellation symbols which are superposed with adaptive power ratio. The composite constellation does not have Gray mapping. The assignment of label bits to UEs is done on component constellations. 
An example of transmitter side processing for this category is shown in Figure 5.1.1-1. After independent channel coding, rate matching (RM), scrambling, mapping to modulation symbols, the signals of MUST-near UE and MUST-far UE are combined with amplitude-weight 
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, respectively, where 
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 is the transmission power ratio for a MUST-near user. Figure 5.1.1-2 shows an example composite constellation of MUST Category 1.
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Figure 5.1.1-1: An example of transmitter side processing of MUST Category 1*
(*The figure is for illustration purpose only, and does not imply any restriction for multiuser superposition transmission schemes. In addition, the figure may not represent a complete flow of a specific multiuser superposition transmission scheme.)
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Figure 5.1.1-2: An example of composite constellation of MUST Category 1
5.1.2

MUST Category 2: Superposition transmission with adaptive power ratio on component constellations and Gray-mapped composite constellation
This category includes MUST schemes with joint mapping of coded bits of two or more UEs to component constellations which are superposed with adaptive power ratio. The composite constellation has Gray mapping. The assignment of label bits to UEs is done on the composite constellation.
An example of transmit side processing for this category is shown in Figure 5.1.2-1. After channel coding, rate matching (RM) and scrambling, the coded bits for MUST-near and MUST-far UEs are jointly mapped to modulation symbols with 
[image: image14.wmf]a

 which is the transmission power ratio for a MUST-near user. More specifically, the modulation symbols of MUST-near UE depend on not only the coded bits of MUST-near UE but also the coded bits of MUST-far UE. With joint modulation mapping for MUST-near and MUST-far UEs, Gray mapping is kept for the label bits of the composite constellation. Figure 5.1.2-2 shows an example composite constellation of MUST Category 2.
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Figure 5.1.2-1:  An example of transmitter side processing of MUST Category 2*
(*The figure is for illustration purpose only, and does not imply any restriction for multiuser superposition transmission schemes. In addition, the figure may not represent a complete flow of a specific multiuser superposition transmission scheme.)
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Figure 5.1.2-2:  An example of composite constellation of MUST Category 2
5.1.3

MUST Category 3: Superposition transmission with label-bit assignment on Gray-mapped composite constellation
This category includes MUST schemes where the coded bits in the codewords of two or more UEs are directly superposed onto the symbols of a composite constellation. The assignment of label bits to UEs is done on the composite constellation. 
An example of transmitter side processing for this category is shown in Figure 5.1.3-1. In this category, all operations are performed on the composite constellation, instead of component constellations. The composite constellation is uniform quadrature amplitude modulation (QAM) with Gray mapping and legacy constellation can be reused. Figure 5.1.3-2 shows an example composite constellation of MUST Category 3.
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Figure 5.1.3-1: An example of transmitter side processing of MUST Category 3*
(*The figure is for illustration purpose only, and does not imply any restriction for multiuser superposition transmission schemes. In addition, the figure may not represent a complete flow of a specific multiuser superposition transmission scheme.)
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Figure 5.1.3-2: An example of composite constellation of MUST Category 3
5.2

Candidate receiver schemes
Candidate receiver schemes to enable various MUST schemes for both MUST-far and MUST-near UEs are listed as follows, respectively.  Detailed description of each candidate receiver scheme can be referred to [4].

· Candidate receiver schemes for MUST-far UEs
· Linear minimum mean square error with interference rejection combining (LMMSE-IRC) receiver

· Maximum likelihood (ML) receiver

· Reduced complexity maximum likelihood (R-ML) receiver

· Symbol level interference cancellation (SLIC) receiver

· Candidate receiver schemes for MUST-near UEs
· Maximum likelihood (ML) receiver

· Reduced complexity maximum likelihood (R-ML) receiver

· Symbol level interference cancellation (SLIC) receiver

· Linear codeword level successive interference cancellation (L-CWIC) receiver
· Maximum likelihood codeword level successive interference cancellation (ML-CWIC) receiver
5.3

Potential assistance information
The following should be considered as potential PDSCH assistance information to UEs for MUST Category 1, 2, and 3.
· (R-)ML/SLIC (available receiver type for MUST-far or MUST-near UEs)
· Existence/processing of MUST interference (per spatial layer if same beam restriction is applied)
· Modulation order of MUST paired UE 
· Transmission power allocation of its PDSCH and MUST paired UE’s PDSCH (per spatial layer if different power can be allocated to each spatial layer) 
· Resource allocation of MUST paired UE 
· PDSCH RE mapping information of MUST paired  UE (if it is different from its own PDSCH RE mapping information, e.g. PDSCH starting symbol or PDSCH RE mapping at DMRS RE) 
· DMRS information of MUST paired UE (if DMRS information is used to estimate effective channel of MUST paired UE or to derive power allocation of MUST paired UE)
· Transmission scheme of MUST paired  UE (if mixed transmission schemes, e.g. transmit diversity and closed-loop spatial multiplexing)
· Precoding vector(s) of MUST paired UE 
·  CWIC (available receiver type for MUST-near UEs)
· The above potential assistance information for ML receiver
· TBS of MUST paired UE
· HARQ information of MUST  paired UE 
· LBRM (Limited Buffer Rate Matching) assumption of MUST  paired UE 
· Parameters for descrambling and CRC checking for the PDSCH of the MUST paired user
· MMSE-IRC (available receiver type for MUST-far UEs)
· Transmission power allocation of its PDSCH and MUST paired UE’s PDSCH
Additionally, the followings should be considered as potential assistance information for MUST Category 3.
· For MMSE IRC, SLIC, (R-)ML, and CWIC
· Modulation order of composite constellation
· Bit allocation information of composite constellation
Methods which may be considered for obtaining assistance information are: blind detection, signalling (higher layer signaling or dynamic signaling), tied to the UE’s scheduling information, or tied to specific UE assumptions (e.g. UE assumes aligned resource allocation).
5.4

Link-level performance evaluation
[26-33] provide the link-level simulation results based on the following assumptions.
· [2x2 antenna configuration

· Same transmission scheme of either TM4 or TM9

· Same RI/PMI

· Same resource allocation for MUST users

· Same PDSCH RE mapping for MUST users

· The following assistance information is assumed known

· Transmission power or bit rate ratio of co-scheduled users

· Modulation order of co-scheduled users

· DMRS information if TM9 is applied

· Existence of MUST interference]
Based on the link-level simulation results in [26-33], observations can be drawn as follows.

· For the MUST-near users:
· In MUST Category 1, R-ML/ML receiver can achieve similar link-level performance as CWIC receiver when the MUST-far user uses QPSK and holds high transmission power ratio

· In MUST Category 2, R-ML/ML receiver can achieve similar link-level performance as CWIC receiver when MUST-far user uses QPSK

· In MUST Category 3, R-ML/ML receiver can achieve similar link-level performance as CWIC receiver when MUST-far user uses significant bit(s) in the label bits of a modulation symbol

· For other cases, there may be noticeable performance degradation of R-ML/ML receiver, compared to CWIC receiver
· For the MUST-far users:
· In MUST Category 1, MMSE-IRC receiver can achieve similar link-level performance as R-ML/ML receiver when the MUST-far user uses QPSK
· In MUST Category 2, MMSE-IRC receiver can achieve similar link-level performance as R-ML/ML receiver
· In MUST Category 3, MMSE-IRC receiver can achieve similar link-level performance as R-ML/ML receiver
· For other cases, there may be noticeable performance degradation of MMSE-IRC receiver, compared to R-ML/ML receiver
6
System-level performance evaluation
Editor notes: Describe system-level evaluation results and observations for identified multiuser superposition transmission.
7
Conclusion
Editor notes: Summarize the assessment conclusion of feasibility and performance gain for the identified multiuser superposition transmission schemes.
Annex A:
Evaluation methodology
Editor notes: Defines evaluation assumptions and methodology for link-level modelling etc.

A.1
System-level evaluation assumptions
	Parameters
	MUST Scenario 1
	MUST Scenario 2/3

	Layout
	Hexagonal grid, 3 sectors per site, 19 macro sites

	Inter-macro-eNB distance 
	500 m

	System bandwidth per carrier
	10 MHz 

	Carrier frequency 
	2.0 GHz
	Macro cell: same as MUST Scenario 1

Small cell: 3.5 GHz for MUST Scenario 2; 2.0 GHz for MUST Scenario 3

	Total eNB TX power 
	46 dBm
	Macro cell: same as MUST Scenario 1

Small cell: 30 dBm

	Distance-dependent path loss
	ITU UMa, with 3D distance between an eNB and a UE applied
	Macro cell: same as MUST Scenario 1

Small cell: ITU UMi for small cell, with 3D distance between an eNB and a UE applied

	Penetration loss
	For outdoor UEs: 0 dB
For indoor UEs: (20+0.5din) dB (din: independent uniform random value between [0, 25] for each link)
	Same as MUST Scenario 1

	Shadowing
	ITU UMa
	Macro cell: same as MUST Scenario 1

Small cell: ITU UMi

	Fast fading channel between eNB and UE
	ITU UMa 
	Macro cell: same as MUST Scenario 1

Small cell: ITU UMi

	eNB antenna pattern
	3D 
	Macro cell: same as MUST Scenario 1

Small cell: 2D Omni-directional is baseline for small cell; directional  antenna is not precluded

	eNB antenna height 
	25 m
	Macro cell: same as MUST Scenario 1

Small cell: 10 m

	eNB antenna gain + connector loss
	17 dBi
	Macro cell: same as MUST Scenario 1

Small cell: 5 dBi

	UE antenna height
	1.5 m

	UE antenna gain
	0 dBi

	Antenna configuration
	eNB: 
· 2 Tx, cross-polarized

· 4 Tx, cross-polarized, 0.5-wavelength spacing between antenna groups

· 8 Tx, cross-polarized, 0.5-wavelength between antenna groups

UE: 
· 2 Rx, cross-polarized

· 4 Rx, cross-polarized, 0.5-wavelength between antenna groups

Mandatory: 2Tx/2Rx, 4Tx/2Rx

Optional: 4Tx/4Rx, 8Tx/2Rx
	Macro-cell eNB: same as MUST Scenario 1

Small-cell eNB: 2 Tx, cross-polarized

UE: 2 Rx, cross-polarized

	Traffic model
	· FTP traffic model 1 with

· Packet size of 0.1 Mbytes for resource utilization of 60%, 80% and 90%, and
· Packet size of 0.5 Mbytes for resource utilization of 60%

· Statistics of the number of UEs simultaneously scheduled in a subframe should be reported
· Duration of the simulation should also be reported in terms of the number of subframes
[Working assumption: 


companies are also free to submit full buffer traffic model results but RAN1 will not draw conclusions of performance gains from full buffer traffic model results]

	Small cell dropping
	N/A
	Uniformly dropped within a macro cell geographical area

	Small cell number per macro cell geographical area
	N/A
	4

	UE dropping
	20% UEs are outdoor; 80% UEs are indoor
	20% UEs are outdoor and 80% UEs are indoor;

2/3 UEs randomly and uniformly dropped within a 40 m radius of each small cell eNB (configuration 4b defined in TR 36.814), 1/3 UEs randomly and uniformly dropped throughout the macro geographical area

	Minimum distance (2D distance)
	Macro – UE : > 35m
	Macro – RRH/Hotzone:  > 75m
Macro – UE : > 35m
RRH/Hotzone – RRH/Hotzone:  > 40m
RRH/Hotzone – UE : > 10m

	Number of superposed signals in superposition transmission
	2

	UE receiver
	In baseline scheme, the following is assumed:

· MMSE-IRC for inter-cell interference suppression
· Either MMSE-IRC or SLIC/R-ML for inter-spatial-layer interference suppression for MU-MIMO
· Both MMSE and SLIC/R-ML are assumed for inter-spatial-layer interference suppression for SU-MIMO
In MUST scheme, each company should describe UE receiver assumptions and one example is as follows:

· For all users, MMSE-IRC is assumed for inter-cell interference suppression

· For MUST near-users the following is assumed
· Either SLIC/R-ML or CWIC for intra-spatial-layer interference cancellation

· Either MMSE-IRC or SLIC/R-ML is assumed for inter-spatial-layer interference suppression for MU-MIMO, and both MMSE and SLIC/R-ML are assumed for inter-spatial-layer interference suppression for SU-MIMO
· For other users, MMSE-IRC is assumed for inter/intra-spatial-layer interference suppression

	UE noise figure
	9 dB

	UE speed
	Outdoor UEs: 3 km/hr, 60 km/hr;

Indoor UEs: 3 km/hr

	Cell selection criteria
	RSRP for intra-frequency
	RSRP for both intra-frequency and inter-frequency

	Unified handover margin
	3 dB

	Overheard
	3 symbols for DL CCHs, CRS ports and DM-RS with 12/24 REs per PRB depending on the assumed number of MIMO layers and TM

	Performance metrics
	For MUST Scenario 1: 5/50/95%ile and mean user perceived throughput (UPT);
For MUST Scenario 2: 5/50/95%ile and mean user perceived throughput (UPT) of small cells;
For MUST Scenario 3: 5/50/95%ile and mean user perceived throughput (UPT) of both macro cells and small cells;

Ratio of served cell throughput over offered cell throughput

	Transmission schemes 
	Single point transmission schemes, i.e. SU-MIMO, MU-MIMO, and MU superposition transmission

	Scheduling assumption
	Dynamic switching among the considered transmission schemes. MU pairing together with the assumed enhancements should be described by companies in details

	Feedback assumption
	Non-ideal CRS or CSI-RS channel/interference estimation
Release 12 CSI feedback schemes

Feedback periodicity: 5 ms

Feedback delay: 5 ms

Any feedback enhancements assumed in the evaluation should be described by companies in details.

	Receiver impairment modeling for demodulation
	Non-ideal CRS or DM-RS channel estimation

	EVM
	Tx EVM: 8%, FFS smaller values

UE Rx EVM: 4%
	Macro cell Tx EVM: same as MUST Scenario 1
Small cell Tx EVM: 3.5%

UE Rx EVM: same as MUST Scenario 1


A.2
Link-level evaluation assumptions
	Parameters
	Values

	Carrier frequency
	2GHz or 3.5GHz

	System BW
	10MHz

	Allocated resource
	5MHz 

	Downlink power allocation
	
[image: image19.wmf]A

r

: 3dB

	
	
[image: image20.wmf]B

r

: 3dB

	Cell-specific reference signals
	Antenna ports 0,1

	Propagation channel & UE velocity
	EPA/ETU/EVA, (3km/h or 60km/h)

	Channel Correlation
	Low

	(# of Tx antennas, # of Rx antennas)
	(2, 2), (4, 2), or (4, 4)

(4, 4) is optional

	Cyclic Prefix
	Normal

	Number of control OFDM symbols
	3

	Transmission scheme(s)
	2Tx: CRS based transmission scheme(s),

4Tx: DMRS based transmission scheme(s) 

	CSI delay
	5ms

	CSI reporting interval
	5ms

	CSI reporting granularity
	WB or SB

	Link adaptation
	Dynamic or fixed

	EVM requirement (Tx, Rx)
	(8%, 4%)

	HARQ
	Maximum 4 retransmission


A.3

Methodology for link-to-system modelling
A.3.1
Methodology for ML/R-ML modelling

A.3.1.1
Method 1 

The approach to model the BLER performance of an ML/R-ML receiver for a PDSCH over any allocation under an instantaneous channel is a) deriving the mutual information per transmitted bit (MIB) on each RE of the PDSCH, and then b) averaging the MIB over all REs, and finally c) mapping avg(MIB) to a BLER. The received MIB of an ML/R-ML receiver at an RE, denoted as MIBML, is based on a weighting of the bit interleaved coded modulation (BICM) normalized spectral efficiency, given as
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where CBICM is the BICM normalized spectral efficiency under of the environments of the target RE, and 0 < β < 1 is a weighting factor. The expression for CBICM and the procedure to obtain  by curve fitting to the actual receiver BLER performance will be given later. After averaging MIBML over multiple REs in the PDSCH, an effective SNR is then obtained as
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where the function f(.) maps one SNR value to the corresponding MIB, and one such function can be pre-derived numerically for QPSK/16QAM/64QAM (for an example, refer to Table 24 of [22]) Finally, the BLER of the interested PDSCH is approximated by the BLER of a SISO AWGN channel at SNR = SNReff.
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	Figure A.3.1.1-1: Example scenarios of users pairing in the MUST scheme


Before presenting detail modelling procedures, we first define the signal model. Consider the users pairing scenario shown in Figure A.3.1.1-1(b). The received signal model of the near-near or the far-user after whitening the noise-plus-intercell-interference is given as
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where G is the Nr-by-2 complex channel matrix of the near-near or far-near with Nr being the number of receive antennas, [p1, p2] is the precoding matrix, P is the eNB transmitted power, starget is the modulated symbol of the MUST scheme, and sother is the transmitted symbol at the other spatial layer, w is the white Gaussian vector with the identity covariance matrix I, and finally [h1, h2]=G[p1, p2]. To suppress the inter-beam interference plus the noise 
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, the MMSE receiver fMMSE is applied to the received signal r. The MMSE receiver output is a scalar channel
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The output SNR of the MMSE receiver can be computed as
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The users pairing scenarios shown in Figure A.3.1.1-1(a) and A.3.1.1-1(c) can also be transformed to a scalar channel and then obtain the MMSE output SNR. For the scenario of Figure A.3.1.1-1(a), we just need to set sother=0 and replace the transmit power P/2 as P. For the scenario of Figure A.3.1.1-1(c), each spatial layer can be processed in the same way as shown above for the scenario in Figure A.3.1.1-1(b).

The BICM normalized spectral efficiency CBICM is given below
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for the near-user and the far-user, respectively, where mnear and mfar are the number of bits carried by a modulated symbol starget for the near-user and far-user, respectively, 
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, M is the set composed by all of the constellation points of the MUST modulation, and both Mnear(i,t) and Mfar(i,t) are subsets of M. For any 
[image: image32.wmf])

,

(

near

t

i

M

x

Î

 and q being the bit sequence corresponding to x, the i-th bit of the near-user bit sequence ai in the sequence q is equal to t. Similarly, for any 
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 and q being the bit sequence corresponding to x, the i-th bit of the far-UE bit sequence bi in the sequence q is equal to t.
The procedures to build the look-up table (LUT) to obtain the weighting coefficient  are described as follows. The following parameters are used to characterize :
1)
The modulation order and coding rate of the signal intended for the target user (e.g., MCS1 has 29 levels)
2)
The modulation order of the co-scheduled signal (i.e., MOD2=QPSK, 16QAM, 64QAM)
3)
The power split factor.
4)
The mapping between constellation points and the bit sequences of the target user.   
Given a MIMO channel realization (time-flat and frequency-flat), link-level simulations are executed first to get (SNR(i), BLER(i)) pairs, i=1,2,…,N, over a range of SNR and BLER for a specific set of parameters 1) ̶ 4). On the other hand, the BICM normalized spectral efficiency CBICM(i) can also be computed for the given SNR(i) and the distribution of constellation points. An optimal  is searched numerically so that
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is minimized over a range of BLER of interest (typically the BLER “water-fall” region). The LUT of the weighting factor  for the linear multiuser superposition transmission scheme is appended in [20].
A.3.1.2
Method 2
The link-to-system modelling scheme is described when the R-ML is employed to MUST scheme, which is applied in system-level evaluation. For MUST scheme, unlike Rel-12 NAICS, the situation is different since the transmission power sets between superposed UEs would be restricted, and thus the existing effective exponential SINR mapping (EESM) scheme would be applied. Figure A.3.1.2-1 shows the EESM scheme for the MUST scheme. For a given transmission power set (p1, p2) and the modulation scheme for the cell-center UE, the other UE’s modulation order will be determined. Therefore, the number of parameters for the MUST would be significantly less than those for Rel-12 NAICS. If the parameter, , is properly adjusted, the EESM is considered to be more accurate since the impact of channel estimation and actual decoding performance can be taken in to account. 

[image: image35]
Figure A.3.1.2-1: L2S mapping for MUST scheme applying R-ML
For the validation for above L2S mapping scheme, the link evaluation results are shown in [23]. From the results, accurate estimation of the BLER performances for R-ML is confirmed. 

A.3.1.3
Method 3
The BLER performance is determined using conventional mapping table. To account the MUST transmission and R-ML receiver cancellation efficiency the effective SINR is scaled prior to determination of the BLER. The scaling is performed in accordance to the modulation orders (m1, m2) and power offsets (p1,p2) used on the MUST layers. The scaling parameter can be obtained from the link level simulations or mutual information functions calculated for a given modulation and power offset combinations. For example, the scaling parameter can be defined as the SNR difference between the mutual information functions for the ideal and practical ML receivers. The SNR difference between the mutual information curves may be obtained at some reference point close to the maximum value of the mutual information function. The example of the possible scaling parameters derived from the mutual information curves are provided in [25].
A.3.1.4
Method 4
This model is applicable for super-position schemes with Gray mapping. The L2S modeling consists of two steps. Firstly, a perfect CW-IC receiver is assumed to calculate the SNR of near UE first. Secondly, in order to model the SNR degradation from CW-IC to the real receiver like R-ML, a module named SNR mapping is introduced. As showed in Figure A.3.1.4-1, this SNR mapping reflects the SNR loss of UE1 caused by interference from UE2. Please note that all grey blocks are conventional and straightforward.
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Figure A.3.1.4-1: SNR mapping for near UE
The link level simulation could be captured to establish the processing procedure of “SNR mapping”, we could achieve the “SNR mapping” for different SNR
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Figure A.3.1.4-2: SNR mapping
This model has been validated in [21].
 A.3.1.5
Method 5
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Figure A.3.1.5-1: Link-to-system model
This model is applicable for super-position schemes with Gray mapping and uniform super-imposed constellation. System-level simulations with such schemes are performed relying on the L2S model hereinafter specified and shown in Figure A.3.1.5-1[22]. The receiver-input SINRs computed in SL simulations are used to compute the SINRs at receiver output (here indicated with SNRn, n=1,…,G) for each Resource Element (RE). Based on these values, the “Bit-level MIB computation” block computes the Mutual Information per Bit (MIB) corresponding to the modulation label bits. In order to perform such computation, the conventional Mean MIB (MMIB) link-to-system abstraction model  is applied. According to this model, the MIB of the m-th label bit of modulation MOD (where MOD is QPSK, 16QAM, 64QAM, etc.) is approximated by 
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and function J(.) is defined as in [22]. Moreover, as in [22], we will assume K=3. Table A.3.1.5-1 shows the values of coefficients used for the computation of MIB.

Table A.3.1.5-1: Coefficients of MIB approximation. Format: (a1, …, aK); (c1, …, cK) 
	MOD
	m=1,2
	m=3,4
	m=5,6

	16QAM
	(0.3, 0.35, 0.3);
(1.5, 2.7, 0.8)
	(1.1, -0.2, 0.3);
(1.1, 2.5, 0.2)
	--

	64QAM
	(0.3, 0.5, 0.2);
(1.0, 2.3, 0.4)
	(-0.2, 0.75, 0.45);
(2.0, 1.2, 0.4)
	(-0.25, 0.5, 0.75);
(1.3, 0.7, 0.4)


The MIBs of the bits assigned to the far (resp. near) UE are averaged obtaining the Mean MIB (MMIB) value MMIBN for the near UE as follows:
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where SN(n) is the set of bits allocated to the near user in RE n and 
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 is the near-UE codeword size. Moreover
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 EMBED Equation.3  [image: image48.wmf]
	


Concerning the far UE, MMIBF is computed similarly.

If needed, effective SINR values for the near UE and far UE can be computed using the inverse of function J(.) defined in [22] based on MMIBF and MMIBN.

The BLock Error Rate (BLER) at the far UE is computed as [22] 
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where MCS(F) is the index of the Modulation and Coding Scheme (MCS) employed by the far UE and erfc(·) is the complementary error function. Concerning the near user, BLERN is computed in the same way using MCS(N). Parameters bMCS  and cMCS are specific of the code rate (see Table A.3.1.5-2 for few example values).

Table A.3.1.5-2: Coefficients for BLER computation
	MCS
	Information word length [bits]
	Codeword length [bits]
	Code rate
	bMCS
	cMCS

	1
	200
	1008
	0.2
	0.255
	0.036

	2
	400
	1008
	0.4
	0.430
	0.042

	3
	608
	1008
	0.6
	0.645
	0.038


This model has been validated in [21].
A.3.2
Methodology for hard CW-IC

In this section, near UE is noted as UE1 while far UE is noted as UE2. CW-IC is assumed here. Since CW-IC may not succeed in detecting the signal of UE2, the cancellation process can be divided into two branches. When the CRC of UE2 signal indicates successful decoding, the interference from UE2 signal can be completely cancelled, and then the BLER of UE1 can be calculated with conventional model like MMSE model. When the CRC of UE2 signal indicates unsuccessful decoding, it is assumed that the interference from UE2 signal can be partially cancelled, and the impacts of UE2 signal on UE1 BLER can be modeled by the modeling of CW-IC in [4].  The L2S modeling of hard CW-IC is illustrated in Figure A.3.2-1, which reuses the conventional modeling and the CW-IC modeling of [4]. Please note that all grey blocks are the existing modeling methodologies.
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Figure A.3.2-1: SNR mapping for hard CW-IC
A.3.3
Simplified link to system models for CWIC, SLIC, and MMSE-IRC receivers.
This section provides simple link to system models for CWIC and SLIC receivers as well as for MMSE-IRC that model MuST receiver impairments, including channel estimation error.  Such models are at least appropriate for initial evaluations of the potential of MuST.  Depending on the observed MuST gains, more elaborate models could be used.

We focus on reception in the ‘near’ UE.  Models suitable for at least initial analyses for reception for the far UE can be extended from the near UE model in a straightforward manner from the MMSE receiver type.

In these link-to-system models, the aim is to provide a BLock Error Probability (BLEP) for each data layer of interest. We will use existing BLEP models for the LTE Turbo Decoder given a set of input symbol SINRs.

Assume we receive in total N data layers, and assume for notational simplicity that all layers are completely overlapping in terms of used resource elements (if this is not true, then the unused elements for a data stream can be replaced with zeros). The receiver data signal vector per resource element r is
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 is the transmitted signal containing components from the near and/or far UE.  Note that the transmitted power is included in the channel matrix, that is: 
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While it is unlikely to be useful for most MuST near/far power ratio operating ranges, the MMSE receiver can form a basis for CWIC and may be simply extended for use in the far UE, and so we discuss it first.  In the case of no interference cancellation of any stream and when the far UE is coscheduled with the near UE on every spatial layer, the expected SINR for data stream n per resource element r then becomes
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is the covariance of the interference and noise, including EVM.
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 is the effective channel vector of data stream n 
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 is a receive weight vector for stream n, calculated by the receiver given certain channel and interference estimates (e.g. MMSE-IRC weights)
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is the fraction of power allocated to the ‘near’ UE coscheduled on the spatial layer.

As discussed in [24], when the relative power of the near UE to the far UE is near that used in ‘REMA’ schemes, the UE can decode the far UE interference, and therefore the main error effect is after this successful CWIC cancellation is driven by channel estimation error.  Therefore, with the essential caveat that the near UE to far UE power is within the proper operating range, CWIC can be modeled as ideal interference cancellation but with a residual noise component from channel estimation on the reference symbols added.

The corresponding data layer SINR with CWIC applied within a spatial layer after MMSE is then:
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 is the variance of the channel estimation error 
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is the fraction of power allocated to the ‘far’ UE coscheduled on the spatial layer.

A very simple way to model SLIC is to assume a constant SINR gap over CWIC reception.  Based on analysis of link level results as discussed in [24], SLIC can be roughly modeled as having 0.7 dB loss above channel estimation error as long as: 
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 is the relative power of the near and far UE if they are co-multiplexed with bit level superposition into a larger constellation (i.e. the ‘REMA’ power share).  

The corresponding data layer SINR with SLIC is then:
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where the SLIC SINR penalty factor is 
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