3GPP TR 36.859 V0.1.1 (2015-05)
Technical Report

3rd Generation Partnership Project;

Technical Specification Group Radio Access Network;

Study on Downlink Multiuser Superposition Transmission (MUST) for LTE;

 (Release 13)
[image: image1.jpg]



[image: image2.png]=

A GLOBAL INITIATIVE




The present document has been developed within the 3rd Generation Partnership Project (3GPP TM) and may be further elaborated for the purposes of 3GPP.
The present document has not been subject to any approval process by the 3GPP Organizational Partners and shall not be implemented.
This Report is provided for future development work within 3GPP only. The Organizational Partners accept no liability for any use of this Specification.
Specifications and Reports for implementation of the 3GPP TM system should be obtained via the 3GPP Organizational Partners' Publications Offices.

Keywords

LTE, Radio, Superposition Coding, Physical Layer
3GPP

Postal address

3GPP support office address

650 Route des Lucioles - Sophia Antipolis

Valbonne - FRANCE

Tel.: +33 4 92 94 42 00 Fax: +33 4 93 65 47 16

Internet

http://www.3gpp.org

Copyright Notification

No part may be reproduced except as authorized by written permission.
The copyright and the foregoing restriction extend to reproduction in all media.

© 2015, 3GPP Organizational Partners (ARIB, ATIS, CCSA, ETSI, TSDSI, TTA, TTC).

All rights reserved.

UMTS™ is a Trade Mark of ETSI registered for the benefit of its members

3GPP™ is a Trade Mark of ETSI registered for the benefit of its Members and of the 3GPP Organizational Partners
LTE™ is a Trade Mark of ETSI registered for the benefit of its Members and of the 3GPP Organizational Partners

GSM® and the GSM logo are registered and owned by the GSM Association

Contents

4Foreword

Introduction
4
2
References
5
3
Definitions, symbols and abbreviations
5
3.1
Definitions
5
3.2
Symbols
5
3.3
Abbreviations
6
4
Targeted network deployment and intra-cell interference scenarios
6
4.1
Network deployment scenarios
6
4.2
Intra-cell interference scenarios
7
5
Multiuser superposition transmission schemes
8
6
System-level performance evaluation
8
7
Conclusion
8
Annex A: Evaluation methodology
9
Annex B: Change history
10

















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]
3GPP TD RP-150496: "Study on Downlink Multiuser Superposition Transmission".

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 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 1: MUST Scenarios
4.2
Intra-cell interference scenarios
The targeted physical channel for evaluation is PDSCH, i.e. only superposition transmission of PDSCHs to co-scheduled users will be evaluated and superposition transmission of PDSCH and other physical channel or superposition transmission of other physical channels is not considered for evaluation in this study.
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 
[image: image7.wmf]]

,

,

[

2

,

2

1

,

2

K

v

v

L

 and 
[image: image8.wmf]}

,

,

{

,

2

,

1

,

2

,

1

1

1

K

K

b

a

b

a

v

v

v

v

=

=

L

, 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.

5
Multiuser superposition transmission schemes
Editor notes: Describe candidate multiuser superposition transmission schemes, potential specification impacts, UE complexity analysis and link-level performance.
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
	[Working assumption: 

FTP traffic model 1 with packet size of 0.1 Mbytes and 0.5 Mbytes for resource utilization of 60% and 80%;

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
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	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
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