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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 present document constitutes the output of the study item "Support of Single-cell PTM transmission in LTE" [2]. This document is intended to capture the possible solutions identified during the study and the conclusions and recommendations for further work.

1
Scope

The present document constitutes the output of the study item "Support of Single-cell PTM transmission in LTE" [2]. This document is intended to capture the possible solutions identified during the study and the conclusions and recommendations for further work.
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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].



SC-PTM: Single cell point to multipoint transmission mode over the radio interface to transfer MBMS session data over a single cell using the PDSCH.
3.2
Symbols

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

Symbol format (EW)

<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].

SC
Single-cell
ptm
point-to-multipoint
ptp
point-to-point

4
Design goals
This study aims at supporting the usage of SC-PTM transmission for group communications as defined in 3GPP TS 22.468 [3]. Usage of SC-PTM for mission critical push to talk as defined in 3GPP TS 22.179 [4] should also be considered, if requirements are available. Other usages are not precluded.
4.1
Requirements
The following requirements from  3GPP TS 22.468 [3] and 3GPP TS 22.179 [4] are considered applicable to the study and evaluation of SC-PTM:
-
from  3GPP TS 22.468 [3]
-
subclause 5.1.1, high level requirements

The system shall provide a mechanism to send a Group Communication to all Receiver Group Members.


Only Receiver Group Members of the GCSE Group shall be able to receive from that GCSE Group via Group Communication.
-
subclause 5.1.2, performance
-
The system shall be optimized to minimize the time intervals related to the use of Group Communication.
-
The system should provide a mechanism to support a Group Communication end-to-end setup time less than or equal to 300ms. It is assumed that this value is for an uncontended network, where there is no presence checking and no acknowledgements requested from Receiver Group Member(s). The end-to-end setup time is defined as the time between when a Group Member initiates a Group Communication request on a UE and the point when this Group Member can start sending start sending a voice or data communication.
-
This requirement may not be met in some cases where the data is delay insensitive e.g., a large document and/or where the type of Group Communication requires acknowledgement(s) from Receiver Group Members before it is allowed to proceed. See [3] for details.
-
The time from when a UE requests to join an ongoing Group Communication to the time that it receives the Group Communication should be less than or equal to 300ms. 
-
This requirement may not be met in some cases where the data is delay insensitive e.g., a large document and/or where the type of Group Communication requires acknowledgement(s) from Receiver Group Members before it is allowed to proceed. See [3] for details.
-
The end to end delay for media transport for Group Communications should be less than or equal to 150 ms (see in [3] for references to other documents). 
-
subclause 5.1.3, service continuity

When UEs are moving among cells during Group Communication, service continuity shall be supported.
-
subclause 5.1.4, resource efficiency

The system shall provide a mechanism to efficiently distribute data for Group Communication.
-
subclause 5.1.5, scalability
-
The number of Receiver Group Members in any area may be unlimited

-
subclause 5.2.2, geographical scope of GCSE Groups

GCSE Groups shall by definition be of system wide scope. Optionally, GCSE Groups may be geographically restricted.


The system shall provide a mechanism to restrict all Group Communications for a given GCSE Group to a defined geographic area. In this case Group Members shall be able to receive and/or transmit only within this geographic area.

-
The system shall provide a mechanism to redefine the geographic area for a GCSE Group that has a defined geographic area.

-
The system shall provide a mechanism to override geographic area restrictions for a GCSE Group for a particular Group Communication transmission.

-
The system shall provide a mechanism to restrict a particular Group Communication transmission to a defined geographic area within the geographical scope of that group. In this case only Receiver Group Members within the geographic area shall receive the Group Communication.
-
3GPP TS 22.179 [4]:
-
[R-6.4.1-001] Interruption to an MCPTT Group Call shall be minimized when participants move from one area to another.
-
[R-6.5.1-002] The MCPTT Service shall support Broadcast Group Calls to a dynamically defined geographic area.

-
[R-6.6.4.2-002] The MCPTT Service shall provide a means for combining a multiplicity of MCPTT Users into a new, temporary group based on a parameter or a combination of parameters (e.g., particular geographic area, Participant type).
-
[R-6.15.3.2-012]
The MCPTT Service shall provide an MCPTT Access time (KPI 1) less than 300 ms for 95% of all MCPTT Request.

-
[R-6.15.3.2-013]
For MCPTT Emergency Group Calls and Imminent Peril Calls the MCPTT Service shall provide an MCPTT Access time (KPI 1) less than 300 ms for 99% of all MCPTT Requests.

-
[R-6.15.3.2-014]
The MCPTT Service shall provide an End-to-end MCPTT Access time (KPI 2) less than 1000 ms for users under coverage of the same network when the MCPTT Group call has not been established prior to the initiation of the MCPTT Request.

-
[R-6.15.3.2-015] The MCPTT Service shall provide a Mouth-to-ear latency (KPI 3) that is less than 300 ms for 95% of all voice bursts.

-
 [R-6.15.4.2-003] The maximum Late call entry time (KPI 4a) for calls without application layer encryption within one MCPTT system shall be less than 150 ms for 95% of all Late call entry requests.

-
[R-6.15.4.2-004] The maximum Late call entry time (KPI 4b) for application layer encrypted calls within one MCPTT system should meet the requirements for KPI 4 for unencrypted calls.

-
[R-6.15.4.2-005] The maximum Late call entry time (KPI 4b) for application layer encrypted calls within one MCPTT system shall be less than 350 ms for 95% of all Late Call Entries into encrypted calls.

-
[R-6.15.6-001] Radio resource shall be able to be utilized in an efficient manner for the MCPTT Service up to a certain threshold, the radio resource allocation for MCPTT Service shall be on-demand basis and flexible, or in a predefined manner.
Note:
Certain requirements (high level requirements, geographical scope of GCSE groups) may not directly affect the RAN but are listed in order to avoid any unsuitable assumption in end-to-end analysis performed in the scope of this study. 
Some requirements from 3GPP TS 22.179 [4] are overlapping with requirements in 3GPP TS 22.468 [3]. Certain requirements were evaluated for unicast and for MBSFN transmission in TR 36.868 [5].
Table 2-1:
Mapping of MCPTT and GCSE requirements

	MCPTT requirement
	GCSE requirement
	Remark

	KPI 1 < 300ms for 95/99% calls
	end-to-end setup time < 300ms
	95% for regular MCPTT calls, 99% for MCPTT Emergency Group Calls and Imminent Peril Calls

	KPI 2 < 1000ms
	-
	

	KPI 3 < 300 ms for 95% bursts
	end-to-end media transport delay < 150 ms
	MCPTT requirement seems looser than GCSE requirement

	KPI 4a < 150ms
	time to join an ongoing group communication < 300ms
	For the GCSE requirement, no application layer encryption is assumed

MCPTT requirement is tighter than GCSE requirement

MCPTT clearly considers the "worst case"

	KPI 4b < 350ms
	time to join an ongoing group communication < 300ms
	For the GCSE requirement, no application layer encryption is assumed

	Radio resource shall be able to be utilized in an efficient manner for the MCPTT Service up to a certain threshold, the radio resource allocation for MCPTT Service shall be on-demand basis and flexible, or in a predefined manner.
	The system shall provide a mechanism to efficiently distribute data for Group Communication
	MCPTT requirement and GCSE requirement are similar (MCPTT requirements mentions a threshold which is not further specified)
No specific target. Not evaluated for GCSE inTR 36.868.

	Interruption to an MCPTT Group Call shall be minimized when participants move from one area to another.
	When UEs are moving among cells during Group Communication, service continuity shall be supported
	MCPTT requirement and GCSE requirement are basically identical. 

No specific target

	Support Broadcast Group Calls to a dynamically defined geographic area
	Provide a mechanism to redefine the geographic area for a group
	MCPTT requirement seems 
clearer. Not evaluated for GCSE in TR 36.868.

	Combining a multiplicity of MCPTT Users into a new, temporary group
	The system shall provide a mechanism for the dynamic creation, modification, and deletion of GCSE Groups.
	MCPTT requirement and GCSE requirement are basically identical.

Not evaluated in TR 36.868.

	MCPTT scalability guide in Annex C (informative)
	The number of Receiver Group Members in any area may be unlimited
	MCPTT requirement and GCSE requirement are basically identical.


4.2
Other design goals
Reception of SC-PTM transmissions by UEs in RRC_CONNECTED and by UEs in RRC_IDLE is considered. 
5
Architecture and high level procedures

SC-PTM transmission is assumed to be a complementary bearer type for MBMS transmission (in addition to MBSFN transmission), i.e. the Rel-12 MBMS architecture is used. It is assumed that the list of cell identities where a MBMS service should be transmitted will be provided to E-UTRAN during MBMS session establishment and can be used to select the cells in which SC-PTM transmission is used.
6
Evaluations

6.1
Latency
6.1.1
Introduction

This section captures an initial evaluation of the latency. The latency numbers in the evaluation will be verified later to match with the proposed solution (e.g for reception of SC-PTM configuration and scheduling information).
6.1.2
End to end setup time / KPI 1

6.1.2.1
Call flow

In order to analyse the latency when using SC-PTM MRBs for MCPTT, the same steps as in section 5.2.1.1 in TR 36.868 [5] are considered, assuming the group session is pre-established, but there is no pre-established SC-PTM MRB. UE1 is assumed to be the group member UE which initiates transmission for a specific MCPTT service and UEs 2..N are group members interested in that MCPTT service.

[image: image3]
Figure 6.1.2.1-1: Group communication setup over SC-PTM
1)
The MCPTT AS requests the BM-SC to assign a TMGI to a group call.

2)
UEs 1, 2..N download User Service Description (USD) for the corresponding service.

3)
UEs 1, 2..N establish the EPS bearer for MCPTT signalling and register to the MCPTT AS over the EPS bearer. When a UE registers with the MCPTT AS, the UE reports its location on a cell basis. The UE may also register to BM-SC for security keys.
4)
A group call session is pre-established similarly to the session establishment procedure of Push to talk over Cellular (PoC).

5)
As UE 1 pushes the MCPTT button, if UE 1 is in RRC_IDLE, a service request procedure is initiated in order to transit from RRC_IDLE to RRC_CONNECTED.

6)
UE 1 sends a PTT floor request to the MCPTT AS.

7)
If the MCPTT AS wants to accept the PTT floor request, the MCPTT AS prepares in parallel:

7a)Uplink media transport

7a1)
The MCPTT AS grants the floor to UE 1.

7a2)
The MCPTT AS initiates the activation of a unicast bearer towards UE 1 for uplink media transport.

7b)
MBMS bearer activation over SC-PTM

7b1)
The MCPTT AS activates an MBMS bearer in cells where there are a number of group members UEs (UEs 2..N).

7b2)
The BMSC initiates MBMS session start towards the MCEs controlling the cells indicated by the MCPTT AS.

7b3)
The MCE confirms the session to the BMSC.

7b4)
The BMSC confirms the session to the MCPTT AS.

7b5)
The MCPTT AS sends the talker ID over the MBMS bearer.

7b6)
The concerned eNBs indicate the SC-PTM configuration (e.g. TMGI and corresponding Group-RNTI, scheduling subframes) and that a transmission is scheduled in the next subframes.

7b7)
The Talker ID is transmitted over the MRB.

8)
UE sends media to MCPTT AS. MCPTT AS forwards the media to the MRB over SC-PTM.

6.1.2.2
Evaluation

According to TR 36.868 [5], the end to end setup time requirement can be understood as a time for the establishment of the transmission path between the transmitting group member UE and the MCPTT AS.

According to section 5.1.1.1 in TR 36.868 [5], this time could be between 220 and 250 ms, assuming the MCPTT grants the floor before initiating the establishment of a dedicated VoIP bearer and the UE waits until establishment of the dedicated VoIP bearer before sending initial data.

Table 6.1.2.2-1: End to end setup time calculation for group communication (black arrows in figure 6.1.2.1-1)

	Descriptions
	Time (ms)
	Comments

	RRC_IDLE to RRC_CONNECTED 
	50 -80
	Clause 16.2 of 3GPP TR 36.912 

	Time from PTT floor request to floor grant
	55
	Out of RAN WG2 scope, the value 55ms, is shown as an example representative of the time required for the procedure.

	Dedicated bearer for VoIP establishment by the Transmitting Group Member UE
	115 
	Assume dedicated bearer for VoIP is established using IMS. 

It is assumed 10ms for radio interface delay, 5ms for network interface delay ad 5ms for processing delay in the calculation. 

	End to end setup time
	220 – 250
	Total time satisfies the end to end setup time requirement


In figure 6.1.2.1-1, the MBMS bearer setup initiated from the MCPTT AS is shown in blue. For SC-PTM MRBs, one possibility is to consider similar mechanisms as for MBSFN, i.e. using a periodic broadcasting of SC-PTM configurations (e.g. TMGIs and their group-RNTIs/LCIDs) and a scheduling period in order to allow DRX. It is assumed that all group member UEs, whether in RRC_CONNECTED or in RRC_IDLE, monitor the periodic broadcasting of SC-PTM configurations.
Table 6.1.2.2-2: MRB over SC-PTM setup time (blue arrows in figure 6.1.2.1-1)

	Descriptions
	Time (ms)
	Comments

	Propagation of the MCPTT AS to the BMSC, MBMS-GW, MCE and eNB
	20
	This time includes backhaul delay and node processing delay.

	Acquisition of SC-PTM configuration
	40(80)
	SC-PTM configuration, such as TMGIS and their group-RNTIs/LCIDs, is provided every 80ms



	Total time
	60 (100)
	


This means that it could take less time than to setup a dedicated VoIP bearer so that the MCPTT AS can request the MBMS bearer (over SC-PTM) activation only upon reception of a floor request.
Using SC-PTM, the end-to-end setup time could be 220-250ms, like for unicast and MBSFN, but without the need to pre-establish MBMS bearers for receiving UEs.
6.1.3
Time for joining an ongoing group communication / KPI 4

6.1.3.1
Call flow

As indicated in TR 36.868, in order to join an ongoing group communication, the UE needs to send a joining request to the MCPTT AS indicating which group communication it’s willing to join and wait for the acknowledgment. Meanwhile, the UE needs to acquire the SC-PTM configuration and start receiving the data.


[image: image4]
Figure 6.1.3.1-1: Joining an ongoing group communication
1)
UE 1 downloads User Service Description (USD) for the corresponding service.

2)
UE 1 establishes EPS bearer with the appropriate QCI for MCPTT signalling and registers to the MCPTT AS over the EPS bearer. When the UE 1 registers with the MCPTT AS, the UE 1 reports its capability, provides its location on a cell basis.

3)
A group call session is pre-established similarly to the session establishment procedure of Push to talk over Cellular (PoC).

4)
Media transmission is ongoing.

5)
As UE 1 pushes the MCPTT button, the UE takes the two following actions in parallel:

5a)
The UE joins the group communication

5a1)
If UE 1 is in RRC_IDLE, a service request procedure is initiated in order to transit from RRC_IDLE to RRC_CONNECTED.

5a2)
A request to join an ongoing communication is sent to the MCPTT AS.

5a3)
The UE receives the response.

5b)
In parallel, the UE starts acquiring the SC-PTM configuration for the desired TMGI.

6)
The UE starts receiving the media and may perform application layer deciphering, if needed.

6.1.3.2
Evaluation

It is assumed that the registered user has acquired the SC-PTM SIB (i.e. indicating SC-PTM control channel parameter e.g. RNTI and/or subframes) and kept up-to-date information during the communication, like the MBSFN case in TR 36.868 [5].

Table 6.1.3.2-1: Time for joining an ongoing group call (blue arrows and red arrows)
	Descriptions
	Time (ms)
	Comments

	Acquisition of SC-PTM configuration
	40 (80)
	SC-PTM configuration, such as TMGIS and their group-RNTIs/LCIDs, is provided every 80ms,

	Processing of SC-PTM configuration
	10
	Processing delay at the UE 

	Average delay due to SC-PTM scheduling period
	10 (20)
	20ms SC-PTM scheduling period for DRX

	eNB ( Receiving UEs
	10
	Receiving and processing at the UE

	Total time
	70 (120)
	


Upon the decision to join an ongoing group communication, the UE sends a joining request to the MCPTT AS indicating which group communication it’s willing to join. While waiting for the joining request Ack from the MCPTT AS, the UE starts acquiring the control information necessary for receiving the service over SC-PTM.
It takes 50-80ms to establish the RRC connection and 55 ms to join the ongoing group communication, i.e. 105-135ms. This means that at the latest, 135ms after the user has pressed the "join group call" PTT button, the UE can start receiving data.

Using SC-PTM, the time to join an ongoing group communication, without application layer ciphering, could be 105ms-135ms in all cases. The time it takes for application layer ciphering is not in the scope of this specification.
6.1.4
End to end delay for media transport / KPI 3

The end to end delay for media transport can be evaluated as follows.

Table 6.1.4-1 User plane delay estimation when using SC-PTM for media delivery

	Description
	Time (ms)
	Comments

	Talker UE ( eNB
	10
	Reference: Annex B.2 of 3GPP TR 36.912 

	eNB(SGW/PGW(GCSE AS(BM-SC
	20
	Out of RAN WG2 scope, the value 20ms, is shown as an example representative of the time required for the procedure. Backhaul transmission delay of 10ms on each network interface is assumed

	BM-SC ( eNB
	20 or 30
	Backhaul delay (M1) and node processing delay, without SYNC or with SYNC delay (i.e. SC-PTM scheduling period/2, with SC-PTM scheduling period of 20ms).

	Average delay due to SC-PTM scheduling period
	10 (20)
	20ms SC-PTM scheduling period for DRX

	eNB ( Receiving UEs
	10
	Receiving and processing at the UE

	Total
	70 (80) or 80 (90)
	


Using SC-PTM, the end to end media transport delay can be 80ms if SYNC is not used, or 90ms if SYNC is used.

6.1.5
End to end access time with acknowledgement from first receiving user/ KPI 2

6.1.5.1
Call flow

The case when an acknowledgment is required was not analysed in TR 36.868 [5] because this requirement is only for MCPTT (not for GCSE). The same sequence is assumed like when no acknowledged mode is required, with the addition of the acknowledgment after receiving the talker ID.
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Figure 6.1.5-1: Group communication over MRB (SC-PTM) - acknowledged mode
1) to 7b7) are the same as in section 6.1.2.1-1 above.

8)
If UE2 is in RRC_IDLE, the UE moves to RRC_CONNECTED.

9)
UE2 sends an acknowledgement to the MCPTT AS.

10)
Media transmission is started.

6.1.5.2
Evaluation

The time it takes for end-to-end setup including reception of acknowledgement from the first receiving user is evaluated below.

 Table 6.1.5.2-1: Time to setup SC-PTM and receive acknowledgement from first receiving UE

	Descriptions
	Time (ms)
	Comments

	Sender UE moves from RRC_IDLE to RRC_CONNECTED 
	50 -80
	Clause 16.2 of 3GPP TR 36.912 

	Time from PTT floor request to floor grant
	55
	Out of RAN WG2 scope, the value 55ms, is shown as an example representative of the time required for the procedure.

	Propagation of the MCPTT AS to the BMSC, MBMS-GW, MCE and eNB
	20
	This time includes network interface delays and node processing times.

	Acquisition of SC-PTM configuration
	40 (80)
	SC-PTM configuration, such as TMGIS and their group-RNTIs/LCIDs, is provided every 80ms

	Processing of SC-PTM configuration
	10
	Processing delay at the UE

	Average delay due to SC-PTM scheduling period
	10 (20)
	20ms SC-PTM scheduling period for DRX

	Reception of the talker ID
	10
	Processing delay at the UE 

	First receiving UE moves from RRC_IDLE to RRC_CONNECTED 
	50 -80
	Clause 16.2 of 3GPP TR 36.912 
This includes the setup of the DRB for signalling to MCPTT AS, which remains established in the MME.

	Acknowledgment from the first receiving UE to the MCPTT AS
	20
	This considers air interface and network delay.

	Acknowledgement to the sender UE
	20
	This considers air interface and network delay.

	Total time
	285-345

(335-395)
	


It is assumed that all group member UEs, whether in RRC_CONNECTED or in RRC_IDLE, monitor the periodic broadcasting of SC-PTM configurations.
The VoIP bearer establishment for the sender UE occurs in parallel with SC-PTM bearer establishment and RRC connection establishment at the first receiving UE. 

Using SC-PTM, KPI 2 of MCPTT could be 335-395ms in the worst case without the need to pre-establish MBMS bearers

6.2
Radio resource efficiency
6.2.1
Introduction

This section captures the results of simulations attempting to compare the use of SC-PTM transmission, MBSFN transmission and unicast transmission. Simulation assumptions are specific to each simulation and captured together with the associated results. Full details are in [6], [7] and [8].
For MBSFN transmission, the following conventions are used:

G
Number of cells with group users
M
Number of cells participating in the MBSFN transmission

R
Number of reserved cells around the MBSFN cells
6.2.2
Simulation 1
This simulation is presented in [6].
Table 6.2.2-1: Simulation assumptions
	Parameter 
	Assumption 

	Channel model 
	ITU 

	Deployment scenario 
	Rural macro-cell 

	Cellular layout 
	19 cell sites, 3 sectors per site 

	Inter-site distance 
	1732m 

	Penetration Loss  
	0 

	Carrier frequency 
	800MHz 

	Duplex method and bandwidth 
	FDD, 10MHz 

	UE speed
	3km/h 

	Macro cell antenna gain 
	15.0 dBi

	UE antenna gain 
	0 dBi

	Base station transmit power 
	46dBm = 40 W

	UE transmit power
	23dBm = 0.2W

	UE distributions
	Uniform drop in all transmitting cells

	Traffic model 
	Full buffer

	Downlink transmission scheme for Unicast
	SU-MIMO

	Downlink transmission scheme for SC-PTM
	TxD 

	Antenna configuration 
	2x2 

	Antenna configuration at BS 
	Uncorrelated cross-polarized:
Columns with +-45deg linearly polarized antennas 

	Antenna configuration at MS 
	0.5 wavelengths between antennas at MS 

	Downlink receiver type 
	MMSE-IRC 

	Downlink HARQ scheme 
	CC up to 3 re-transmissions 

	Number of OFDM symbols reserved for PDCCH
	2 


This simulation evaluates the following transmission schemes:

-
 SC-PTM without UL feedback
-
There is no CQI or HARQ ACK/NACK feedback from the group members;

-
The transmission ensures 95% coverage with 1% BLER.
-
 SC-PTM with UL feedback
-
Group specific rate adaptation and HARQ (re-)transmission are performed using CQI and HARQ ACK/NACK feedback from group members;
-
Feedback from group member(s) in the worst radio condition will be ignored, with the target to ensure 95% coverage with 1% BLER. 

-
MBSFN transmission
-
The MBSFN transmission ensures 95% coverage with 1% BLER in the MBSFN area.

-
The MBSFN area is made of either

-
1 cell (i.e. no SFN combining)
-
21 cells, i.e. all sectors of a centre base station and of one ring of base stations (6)
-
57 cells, i.e. all sectors of a centre base sation and of two rings of base stations (6+12)
-
For each MBSFN area, the result is provided

-
without reserved cells;
-
with one ring of reserved cells i.e. with respectively 6, 21 or 33 reserved cells for an MBSFN area of 1, 21 or 57 cells.
The spectrum efficiency of MBSFN transmission, assuming group users are distributed in all cells of the MBSFN area and not considering the impact on reserved cells, is captured in table 6.2.2-2.
Table 6.2.2-2: MBSFN spectrum efficiency (users distributed in every cell)
	MBSFN scenarios
	Spectrum efficiency (bits/s/Hz)

	57-cells MBSFN area without reserved cell
	SM=57,R=0=0.477

	57-cells MBSFN area with33 reserved cells
	SM=57,R=33=1.381

	21-cells MBSFN area without reserved cell
	SM=21,R=0=0.398

	21-cells MBSFN area with 21 reserved cells
	SM=21,R=21=1.207

	1-cell MBSFN area without reserved cell
	SM=1,R=0=0.273

	1-cell MBSFN area with 6 reserved cell
	SM=1,R=6=0.398


In order to calculate the effective MBSFN spectrum efficiency taking into account the number of cells in which group users are located, the MBSFN spectrum efficiency is weighted as follows:
Seff = SM,R.G/(M+R)
Figure 6.2.2-1 shows, for 2 to 20 UEs in a single-cell on the x axis, the spectrum efficiency of SC-PTM and of 1-cell MBSFN transmission.
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Figure 6.2.2-1: SC-PTM transmission techniques vs. 1-cell MBSFN transmission (2 to 20 users)
Figure 6.2.2-2 shows the layout for the simulation of the MBSFN area of 21 cells. All red cells (light and dark red) participate in the MBSFN transmission; dashed cells are reserved cells (i.e. muted in order to avoid interference to the MBSFN transmission).
In order to evaluate the effective spectrum efficiency over an MBSFN area, it is assumed that MBSFN areas are preconfigured and when the CN indicates a list of cells where a MBMS service is to be provided via a MRB, the RAN will initiate MBSFN transmission in the whole pre-configured MBSFN area that contain the cells indicated by the CN. E.g. in figure 6.2.2-2, in order to provide the service to the dark red cells, MBSFN transmission is initiated in light and dark  red cells. The cells indicated by the CN may be in the centre of a pre-configured MBSFN area or not. For the effective spectrum efficiency calculation, there is no distinction depending on the location of the cells with group users (cells in dark red) within the MBSFN area.
Figure 6.2.2-3 shows, for UEs distributed in 1 to 21 cells of a 21-cell MBSFN area on the x-axis, the spectrum efficiency of SC-PTM (for 4 different user densities) and the effective spectrum efficiency of MBSFN transmission in the 21-cells MBSFN area.
Figure 6.2.2-4 shows, for UEs distributed in 1 to 57 cells of a 57-cell MBSFN area on the x-axis, the spectrum efficiency of SC-PTM (for 4 different user densities) and the effective spectrum efficiency of MBSFN transmission in the 57-cells MBSFN area.
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Figure 6.2.2-2: Layout of a 21-cells MBSFN area and user distribution
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Figure 6.2.2-3: SC-PTM transmission techniques vs. 21-cells MBSFN transmission (1 to 21 cells)
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Figure 6.2.2-4: SC-PTM transmission techniques vs. 57-cells MBSFN transmission (1 to 57 cells)
6.2.3
Simulation 2
This simulation is presented in [7].
Table 6.2.3-1: Simulation assumptions

	Parameter 
	Assumption 

	Channel model
	3GPP case 1, including vertical eNB antenna pattern according to TR 36.814 with 15° el. tilt

	Deployment scenario
	3GPP urban

	Cellular layout 
	19 cell sites, 3 sectors per site

	Inter-site distance 
	500m 

	Carrier frequency 
	2GHz 

	Duplex method and bandwidth 
	FDD, 10MHz 

	MCS selection
	95% UEs with BLER<1%

	UE distributions
	Randomly and uniformly distributed

	Traffic model 
	Full buffer (100% cell load)

	Downlink transmission scheme
	2x2 MIMO with Alamouti and IRC

	Non-MBSFN region length
	2

	Maximum number of retransmissions
	0 / 2 / infinite


This simulation evaluates the following transmission schemes:

-
 SC-PTM without UL feedback
-
MCS-4 is used in order to ensure 95% coverage with 1% BLER

-
 SC-PTM with UL feedback
-
ideal MCS adaptation is used ignoring 5% UEs with largest MCS-0 BLEP are ignored
-
3 alternatives are considered

-
no retransmissions

-
at most 2 retransmission on average

-
infinite number of retransmissions
-
MBSFN transmission
-
The MBSFN transmission ensures 95% coverage with 1% BLER in the MBSFN area.

-
The MBSFN area is made of either

-
1 cell (i.e. no SFN combining)

-
7 cells, i.e. one centre cell with one cell ring (6 cells)

-
19 cells, i.e. one centre cell with two cell rings (6 cells + 12 cells)

Figure 6.2.3-1 shows the CDF of the BLER without HARQ for all MCS that can be used on PDSCH transmissions.
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Figure 6.2.3-1:
CDF of PDSCH BLER for all existing MCS on PDSCH
Figure 6.2.3-2 shows the spectrum efficiency of the above mentioned SC-PTM techniques for 1 to 10 users in a group.
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Figure 6.2.3-2: Spectrum efficiency of different SC-PTM techniques (1 to 10 users)
The simulation considers a scenario where the user group has the centre cell number 1 as the serving cell, as show on figure 6.2.3-3.
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Firgure 6.2.3-3: MBSFN simulation deployment (MBSFN cells in dark red, interfering cells in yellow)
The spectrum efficiency of MBSFN transmission in the centre cell is captured in table 6.2.3-2, for different MBSFN area sizes.
Table 6.2.3-2: MBSFN spectrum efficiency in the centre cell (users distributed in centre cell only)
	Number of supporting cell rings n
	0
	1
	2

	Number of MBSFN cells M
	1
	7
	19

	Spectral efficiency [b/s/Hz]
	SM=1,R=0=0.22
	SM=7,R=0=1.29
	SM=19,R=0=1.64


Based on these results, the effective spectrum efficiency is calculated for users distributed in  1, 3, 7 and 19 cells (called group cells in table 6.2.3-2) using an MBSFN area which exactly consist in the cells where users are distributed together with 1 or 2 supporting cell ring around each. The supporting cells participate in the MBSFN transmission but do not contain any group member. The effective spectrum efficiency is calculated as follows:
Seff=SM,R . G/M
Table 6.2.3-2: Effective MBSFN spectrum efficiency for users distributed in 1, 3, 7 and 19 centre cells
	# supporting cell rings n
	0
	1
	2
	1
	2
	1
	2
	1
	2

	# group cells G
	1
	1
	1
	3
	3
	7
	7
	19
	19

	# supporting cells
	0
	6
	18
	9
	24
	12
	30
	18
	42

	# MBSFN cells M
	1
	7
	19
	12
	27
	19
	37
	37
	61

	spectral efficiency Seff [b/s/Hz]
	0.22
	0.18
	0.09
	0.32
	0.18
	0.48
	0.31
	0.66
	0.51


6.2.4
Simulation 3
This simulation is presented in [8].
Table 6.2.4-1: Simulation Parameters.
	Parameter
	Value

	Network Layout
	19 three-sectored eNodeBs

	Frequency
	800 MHz

	Bandwidth
	10 MHz

	Inter-Site Distance
	1732 m

	Base Station Height
	32 m

	Base Station Transmit Power
	40 W

	Base Station Antenna Gain
	14 dBi

	UE Height
	1.5 m

	UE Antenna Gain
	0 dBi

	UE Speed
	3 km/h

	UE Distribution
	Randomly and uniformly distributed

	Penetration Loss
	0 dB

	Shadowing
	Std. 8 dB

Full correlation between sectors of same site and 0.5 correlation between sites

	Fast Fading
	Jakes’ model

	Traffic Model
	Full buffer

	Number of OFDM symbols reserved for PDCCH
	2

	Subframe Usage for MBSFN
	60 %

	Antenna Configuration
	1x2

	Maximum Number of Retransmissions
	4



[image: image15]
Figure 6.2.4-1: Site (cell) layout and MBSFN configuration
This simulation evaluates the following transmission schemes:

-
Unicast transmission
-
Link adaptation uses Inner Loop Link Adaptation (ILLA) and Outer Loop Link Adaptation (OLLA) processes
-
 SC-PTM without UL feedback
-
The MCS is selected such that 95% coverage is ensured with 1% BLER.
-
 SC-PTM with with CQI and HARQ ACK/NACK feedback
-
Only ILLA is performed based on the worst CQI reported from the UEs receiving PTM.

-
Retransmission is performed if one of the UEs receiving PTM reports a NACK.
-
 SC-PTM with with CQI feedback only and eOLLA
-
ILLA is performed based on the worst CQI.

-
In order to ensure 95% coverage with 1% BLER, the reported CQI values are biased by an offset that is dependent on the number of UEs receiving PTM (eOLLA)
-
MBSFN transmission

The MBSFN area is made of 21 cells, i.e. all sectors of a centre base station and of one ring of base stations (6). The base stations of the second ring are interferers.
Figure 6.2.4-2 shows the spectral efficiency of the above listed transmission schemes in the 3 centre cells of the configuration shown in figure 6.2.4-1, for 2 to 20 UEs on the x axis. The spectral efficiency of MBSFN transmission shown in Figure 6.2.4-2 represents the spectral efficiency per radio frame with 60% of sub-frames allocated to MBMS, i.e. the reported value 0.78 bits/s/Hz is 60% of 1.3 bits/s/Hz sub-frame spectral efficiency.
 Note: Unlike simulation 1 and 2, the effective spectrum efficiency for MBSFN transmission is not provided (i.e. including cells which contain no user but participate in the MBSFN transmission), but could be obtained by scaling the spectral efficiency by 3/21 (G=3, M=21).
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Figure 6.2.4-2: Spectrum efficiency (in 3 centre cells) for unicast, SC-PTM and MBSFN transmission in 21 cells

6.3
Support of broadcast group calls to a dynamically defined geographic area

For public safety, the geographic area for a group call should be dynamically decided based on e.g. incident’s physical location. With SC-PTM, the broadcast area could be dynamically adjusted cell by cell to fit the dynamically defined geographic area, using the cell list provided by the Core Network.
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