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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

The present document captures the findings of the study item, "Study on LTE-based 5G terrestrial broadcast " [2]. The purpose of this TR is to identify the gaps between the LTE-based eMBMS and the 5G requirements for dedicated broadcast networks defined in 3GPP TR 38.913 [3] and to study the solutions for closing these gaps. 
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 RP-181706: "New SID on LTE-based 5G Terrestrial Broadcast".
[3]
3GPP TR 38.913: "Study on scenarios and requirements for next generation access technologies".

[4]
3GPP TR 36.814: “Evolved Universal Terrestrial Radio Access (E-UTRA); Further advancements for E-UTRA physical layer aspects”

[5]
3GPP TR 38.901: “Study on channel model for frequencies from 0.5 to 100 GHz”

[6]
ITU-R BT.2254-3: “Frequency and network planning aspects of DVB-T2”

[7]
3GPP TS 36.300: “Evolved Universal Terrestrial Radio Access (E-UTRA) and Evolved Universal Terrestrial Radio Access Network (E-UTRAN); Overall description; Stage 2”

[8]
3GPP TS 36.331: “Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Resource Control (RRC); Protocol specification”

[9]
3GPP TS 36.213: “Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer procedures”
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:

<symbol>
<Explanation>

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].

CAS
Cell acquisition subframe

EI
Equalisation interval

eMBMS
Evolved MBMS

MBMS
Multimedia Broadcast/Multicast System

MBSFN
Multicast/Broadcast Single Frequency Network

mMTC
massive Machine Type Communications
MNO
Mobile Network Operator

NR
New Radio

PMCH
Physical Multicast Channel

RAT
Radio Access Technology

SC-PTM
Single Cell Point To Multipoint

TV
Television

V2X 
Vehicle to Everything
4
Introduction
3GPP TR 38.913 [3] defines the following requirements for support for MBMS in NR:

Req.1
The new RAT shall support existing Multicast/Broadcast services (e.g. download, streaming, group communication, TV, etc.) and new services (e.g. V2X, etc).
Req.2
The new RAT shall support dynamic adjustment of the Multicast/Broadcast area based on e.g. the user distribution or service requirements.
Req.3
The new RAT shall support concurrent delivery of both unicast and Multicast/Broadcast services to the users. 

Req.4
The new RAT shall support efficient multiplexing with unicast transmissions in at least frequency domain and time domain.
Req.5
The new RAT shall support static and dynamic resource allocation between Multicast/Broadcast and unicast; the new RAT shall in particular allow support of up to 100% of DL resources for Multicast/Broadcast (100% meaning a dedicated MBMS carrier).
Req.6
The new RAT shall support Multicast/Broadcast network sharing between multiple participating MNOs, including the case of a dedicated MBMS network.
Req.7
The new RAT shall make it possible to cover large geographical areas up to the size of an entire country in SFN mode with network synchronization and shall allow cell radii of up to 100 km if required to facilitate that objective. It shall also support local, regional and national broadcast areas.
Req.8
The new RAT shall support Multicast/Broadcast services for fixed, portable and mobile UEs. Mobility up to 250 km/h shall be supported.
Req.9
The new RAT shall leverage usage of RAN equipment (hard- and software) including e.g. multi-antenna capabilities (e.g. MIMO) to improve Multicast/Broadcast capacity and reliability.
Req.10
The new RAT shall support Multicast/Broadcast services for mMTC devices.
The objective of this document is to study these requirements for LTE-based MBMS, to identify the gaps, and capture the potential solutions to close the gaps. 
The above requirements could be divided into two groups:

1.
Requirements whose analysis involves system-level and/or link-level simulations; and

2.
Requirements whose analysis does not involve simulations.

Clause 5 provides the methodology for studying the requirements in general, and for each of the two groups defined above. Specifically, for the requirements requiring simulation work, the simulation assumptions and the setup are described.
Clause 6 provides the analysis of each of the above requirements, based on the methodology described in clause 5.
5
Methodology
5.1
General
The first step in the evaluation of a requirement should be to determine whether the requirement is already met by LTE or not. If the requirement is partially met, the remaining gaps should be identified.
It is identified that only Req.7 and Req.8 involve simulation work. 
5.2
Methodology for requirements not involving simulations

Requirements not involving simulations (all requirements except Req.7 and Req.8) are to be verified based on analysis of current specifications.
5.3
Simulation assumptions

5.3.1
System-level simulation assumptions

For system-level evaluations, four scenarios are introduced as follows:

Table 1 Scenarios for system-level evaluations

	Parameter
	MPMT
	HPHT-1
	HPHT-2
	LPLT

	ISD
	50km
	125km
	173.2km 
	15km

	BS Power
	60dBm
	70dBm
	70dBm
	46 dBm

	BS effective antenna height
	100m
	300m
	300m
	35m

	CPs/Numerologies
	CAS/SC-PTM: 4.7 us, 16.6us

PMCH: 15kHz/7.5kHz/1.25kHz as baseline. 

	Carrier frequency
	700MHz

	Channel BW
	10MHz as baseline



	BS antenna gain
	10.5dBi
	13dBi
	13dBi
	15dBi

	BS antenna pattern
	1Tx: rooftop and non-rooftop

2Tx: non-rooftop (FFS for rooftop)

	1Tx: rooftop and non-rooftop

2Tx: non-rooftop (FFS for rooftop)

	1Tx: rooftop and non-rooftop

2Tx: non-rooftop (FFS for rooftop)

	3 sector antenna pattern 

Each sector has a horizontal and vertical pattern as defined in:  [4], Table A.1.1:  3GPP Case 1 and Case 3 (Macro Cell)

2Tx for non-rooftop (FFS for rooftop)

	Cellular Layout


	Hexagonal grid, 61 cell sites, 1 sector per site


	Hexagonal grid, 61 cell sites, 1 sector per site


	Hexagonal grid, 61 cell sites, 1 sector per site


	Hexagonal grid, 61 cell sites,3 sector per site

	Tx EVM
	[8%]
	8%


For each of the four scenarios, four different types of receivers are considered:

Table 2 Channel characteristics for different scenarios

	Parameter
	Rooftop
	Car-mounted
	In-car
	Indoor

	Propagation model


	ITU-R P.1546-5

50% / 1% (serving / interfering) as preferred assumption

50%/50% (serving / interfering)



	Fast fading channel type


	Delay spread and path delay profile: adopt UMA/RMA model (according to [5, Subclause 7.5]).
Fading distribution: Rayleigh except for the first path of rooftop (Rice). For rooftop, used fixed K=10dB.

NOTE: this intends to describe the following procedure: 

- Run up to step 6 to obtain the delay coefficients per cluster

- Normalized as described

- Instead of generating the rays per cluster, take each of the delay coefficients for each cluster and generate a Gaussian random variable with the variance according to the power of the cluster. 

	Receiver velocity
	0
	Up to 250km/h
	Up to 250km/h
	3km/h

	Receiving antenna height


	10m
	1.5m
	1.5m
	1.5m

	Height Loss:

The difference between the signal level at 10m and the actual receiving antenna height
	0dB
	16.5dB for rural

23.5 dB for urban
	16.5dB for rural

23.5 dB for urban
	16.5dB for rural

23.5 dB for urban

	Building or I2O loss penetration loss
	0dB
	0dB
	μ = 9dB and 

σ = 5dB
	20dB for urban

10dB for rural

	Shadowing standard deviation
	5.5dB
	5.5dB
	8dB for rural

6dB for urban
	8dB for rural

6dB for urban

	Shadowing correlation
	1 for same site
	1 for same site
	1 for same site
	1 for same site


Table 3 Receiver characteristics for different scenarios
	Parameter
	Rooftop
	Car-mounted
	In-car
	Indoor

	Receiver noise figure


	6dB
	6dB
	9dB
	9dB

	Receiver noise bandwidth


	9MHz
	9MHz
	9MHz
	9MHz

	Receiver antenna 

(gain & pattern)


	13.15 dBi

Discrimination pattern according to 

ITU-R BT.419-3 band IV, V
	3.0 dBi

Non-directional
	-7.35dBi

Non-directional
	-7.35dBi

Non-directional

	Antenna Cable Loss


	4dB
	0dB
	0dB
	0dB

	2-Rx Diversity


	No (FFS for 2Tx)
	Yes
	Yes
	Yes

	Implementation Margin


	1dB

	Body loss at receiver


	0

	Rx EVM
	4%



For rooftop antenna alignment, one of the following two options (to be declared by company) is used:

· Opt1: Strongest transmitter (based on pathloss and shadowing).

· Opt2: Closest transmitter

X% pre-processing SINR (to be mapped to X% throughput by link level simulations) is used as a performance metric:

· Reporting points: 95% SINR. Other percentiles may also be reported.

The following options may be used for the distribution of UEs in the system level simulations:

· Uniform in all cells as a baseline

· “Worst case” (i.e., drop all UEs in the geographical point with the worst coverage) as an additional option

For SINR calculation, the formula in [6, Section 3.5] is used. Positioning of the EI is up to receiver implementation and should be declared in the evaluation, including the length of the EI.
Spectral efficiency is one of the performance metrics to be used for evaluation.
5.3.2
Link-level simulation assumptions
Table 4 Parameters for link-level simulations

	Parameter
	Values

	System BW
	10 MHz

	Carrier frequency
	700 MHz

	CP/Numerology
	CAS/SC-PTM: 4.7 us, 16.6us
PMCH: 15kHz/7.5kHz/1.25kHz as baseline. 

	Doppler frequency
	1Hz (rooftop antenna), Up to 120km/h and 250km/h for car-mounted/in-car, up to 3km/h for Indoor

	Reference signal pattern
	For existing numerologies, use existing reference signal patterns as baseline.

	Channel estimation
	Realistic based on RS design

	Channel model
	To be determined from system level evaluations for different ISDs.
TDL-i for NLOS and TDL-v for LOS with the scaled delay spread derived from system level simulations.

	Number of Rx antennas at the UE
	Rooftop: 1 (baseline) /2 

Mobile/car receiver: 2

	MCS
	Fixed MCS, selected by proponent


6
Analysis of requirements
6.1
General

This clause contains the analysis of the requirements for dedicated broadcast networks listed in clause 4, including potential enhancements.
6.2
Req.1: Support for existing and new services
Different use cases/services are supported by Rel-14 LTE specification:

· Broadcast TV services have been supported since Release 9, and were enhanced in Release 14.

· Download, streaming, and group communication based on SC-PTM have been supported since Release 13. 

· Broadcast/multicast for V2X has been supported since Release 13 (based on SC-PTM or MBSFN transmission, see [7, Subclause 15.1.1]).

· Broadcast/multicast for IoT devices (eMTC and NB-IOT) have been supported from Release 14 (based on SC-PTM, see [7, Subclause 15.1]).
Conclusion:

Relevant for dedicated networks: Yes

Requirement met by Rel-14: Yes
6.3
Req.2: Dynamic adjustment of the multicast/broadcast area

6.4
Req.3: Simultaneous support for broadcast/multicast and unicast
Rel-14 LTE can provide simultaneous support for broadcast/multicast and unicast by the following means:

-
On the same carrier, by time-multiplexing MBSFN and non-MBSFN subframes (TDM). The MBSFN subframes are signaled by fields MBSFN-SubframeConfig, MBSFN-SubframeConfig-v1430, in non-dedicated carriers. In dedicated carriers, nonMBSFN-SubframeConfig-r14 includes the configuration for non-MBSFN subframes. See [8] for more details. In a given subframe, the PMCH uses the whole system bandwidth (see [9, Subclause 11.1]).
-
On the same carrier, using SC-PTM for multicast/broadcast (can be TDM or FDM with unicast). SC-PTM uses PDSCH as the physical channel (see [7, Subclauses 6.1.3.2 and 5.3.1]) and thus allows for similar time-frequency granularity as unicast transmissions.
-    On separate carriers, using a dedicated MBMS carrier for multicast/broadcast services. 
Conclusion:

Relevant for dedicated networks: Yes

Requirement met by Rel-14: Yes
6.5
Req.4: Multiplexing of multicast/broadcast and unicast
This requirement is not relevant to dedicated MBMS networks.
Rel-14 LTE can support multiplexing of multicast/broadcast and unicast by the following means:

· SC-PTM supports multiplexing with unicast transmission in both the frequency domain and the time domain. 

· MBSFN supports multiplexing with unicast transmission in the time domain. 
6.6
Req.5: Dynamic resource allocation between multicast/broadcast and unicast and support for dedicated MBMS carrier

Regarding support for static and dynamic resource allocation between Multicast/Broadcast and unicast, it is not relevant to dedicated MBMS networks. Nevertheless, Rel-14 LTE can support dynamic resource allocation of broadcast and unicast. The following partitions between unicast and broadcast are supported depending on the type of carrier:
-    Between 0%-60%: Pre Rel-14. The carrier can be used as a PCell.
-    Between 60-80%: Rel-14 FeMBMS mixed carrier. The carrier supports unicast but cannot be used as a PCell.

-    For SC-PTM transmission, partitions between 0 and 100% are supported

Regarding the requirement of support for a dedicated MBMS carrier, it is relevant and Rel-14 supports dedicated carrier with 100% allocation to MBMS by MBSFN and SC-PTM.

Conclusion: 

Relevant for dedicated networks: Yes

Requirement met by Rel-14: Partially
6.7
Req.6: Support for network sharing
6.8
Req.7: Support for service over large geographic area 
The large geographic area refers to an area of an entire country and/or cell size of 100 km.

6.9
Req.8: Support for different mobility scenarios

The mobility scenarios that need to be supported include fixed, portable and mobile UEs and speeds up to 250 km/h.
6.10
Req.9: Leverage RAN equipment to increase capacity and reliability
LTE Rel-14 can leverage the use of multiple transmit antennas at the eNB and receive antennas at the UE by the following means:

· For SC-PTM, multi-antenna eNB can use transmit diversity (SFBC) to increase reliability.
· For MBSFN, multi-antenna eNB can use implementation-based techniques such as cyclic delay diversity to increase reliability.

· Multiple antennas at the UE can be used to achieve diversity and array gain.

LTE Rel-14 does not support multi-layer MIMO transmission for either SC-PTM or MBSFN. Multi-layer transmission can increase the capacity of the broadcast networks, at least in some scenarios.
Conclusion: 

Relevant for dedicated networks: Yes

Requirement met by Rel-14: Partially
6.11
Req.10: Support for mMTC UE
Rel-14 LTE supports delivery of broadcast services to NB-IoT and eMTC devices by using SC-PTM [6, Subclause 15.1.1].
Conclusion:

Relevant for dedicated networks: Yes

Requirement met by Rel-14: Yes
7
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