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Definitions and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in [9] apply.

3.2
Abbreviations

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

AC
Access Class of UE

AMC
Adaptive Modulation and Coding

AS
Access Stratum

ARQ
Automatic Repeat Request

BCCH
Broadcast Control Channel

BCH
Broadcast Channel

C-
Control-

CC
Call Control

CCCH
Common Control Channel

CCH
Control Channel

CCTrCH
Coded Composite Transport Channel

CN
Core Network

CRC
Cyclic Redundancy Check

DC
Dedicated Control (SAP)

DCA
Dynamic Channel Allocation

DCCH
Dedicated Control Channel

DCH
Dedicated Channel

DL
Downlink

DRNC
Drift Radio Network Controller

DSCH
Downlink Shared Channel

DTCH
Dedicated Traffic Channel

DTM
Dual Transfer Mode

EDGE
Enhanced Data Rate for GSM Evolution

FACH
Forward Link Access Channel

FCS
Frame Check Sequence

FDD
Frequency Division Duplex

FEC
Feed-forward Error Correction

GC
General Control (SAP)

GERAN
GSM/EDGE Radio Access Network

GSM
Global System for Mobile Communications

HARQ
Hybrid Automated ReQuest

HCS
Hierarchical Cell Structure

HO
Handover

HSDPA
High Speed Downlink Packet Access

ITU
International Telecommunication Union

kbps
kilo-bits per second

L1
Layer 1 (physical layer)

L2
Layer 2 (data link layer)

L3
Layer 3 (network layer)

LAI
Location Area Identity

MAC
Medium Access Control
MBMS
Multimedia Broadcast Multicast Service

MCCH
MBMS point-to-multipoint Control Channel

MTCH
MBMS point-to-multipoint Traffic Channel
MCS
Modulation & Coding scheme
MM
Mobility Management

NAS
Non-Access Stratum

Nt
Notification (SAP)

PCCH
Paging Control Channel

PCH
Paging Channel

PDU
Protocol Data Unit

PHY
Physical layer

PhyCH
Physical Channels

PLMN
Public Land Mobile Network
p-t-p
point-to-point

p-t-m
point-to-multipoint
RAB
Radio Access Bearer

RACH
Random Access Channel

RAT
Radio Access Technology

RLC
Radio Link Control

RNC
Radio Network Controller

RNS
Radio Network Subsystem

RNTI
Radio Network Temporary Identity

RRC
Radio Resource Control

SAP
Service Access Point

SCCH
Synchronisation Control Channel

SCH
Synchronisation Channel

SDU
Service Data Unit

SIR
Signal-to-Interference power Ratio
SRNC
Serving Radio Network Controller

SRNS
Serving Radio Network Subsystem

TCH
Traffic Channel

TDD
Time Division Duplex

TFCI
Transport Format Combination Indicator

TFI
Transport Format Indicator

TMSI
Temporary Mobile Subscriber Identity

TPC
Transmit Power Control

U-
User-

UE
User Equipment

UL
Uplink

UMTS
Universal Mobile Telecommunications System

URA
UTRAN Registration Area

UTRA
UMTS Terrestrial Radio Access

UTRAN
UMTS Terrestrial Radio Access Network
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Multimedia Broadcast Multicast Service (MBMS)
14.1
Introduction 
The Multimedia Broadcast/Multicast Service (MBMS) introduced in Release 6 provides to the 3GPP Systems (UTRAN and GERAN) the capability for efficient packet data transmission of multimedia content (text, audio, picture, video, etc) from a single source entity to multiple endpoints. Transmitting the same data to multiple recipients allows network resources to be shared, then MBMS architecture enables the efficient usage of both radio-network and core-network resources, with an emphasis on radio interface efficiency.

14.2 MBMS in UTRAN

14.2.1
Mapping of MBMS bearer to p-t-p and p-t-m channels
The introduction of the Multimedia Broadcast Multicast Service in UTRA [31] has required enhanced techniques for optimised transmission of MBMS bearer service such as point-to-multipoint transmission, selective combining and transmission mode selection between point-to-multipoint and point-to-point bearer. 
The p-t-m transmission was introduced in order to optimize UTRAN radio resources when several users are interested in the same service. In the case of p-t-m transmission, the UTRAN logical channel used for the MBMS user plane bearer is MTCH: it is mapped on a FACH transport channel and transmitted over the S-CCPCH physical channel.

The characteristics of S-CCPCH channel make more difficult the effective exploitation of the techniques used by UTRAN to optimize p-t-p radio links (e.g. radio link adaptation, fast power control, and  Hybrid ARQ). For this reason, in order to improve the transmission efficiency over S-CCPCH, focusing on the performance at the cell edge, new functionalities were introduced in Release 6, such as selective combining and soft combining. In case of selective combining, the UE can receive and decode the p-t-m MBMS content simultaneously from radio links from different cells, selecting valid data on a transport block basis at the RLC layer. In case of soft combining, the UE receiver combines the signal from multiple cells at the Physical Layer. 

Performance of  S-CCPCH for MBMS in different scenarios can be found in [32]. The radio resources necessary for the transmission over S-CCPCH depend on the MBMS service bit rate, the QoS level to guarantee (in terms of BLER) and the link level radio bearer configuration (in particular the TTI). Due to the lack of fast power control mechanism, the resource consumption is evaluated in terms of Ec/Ior, representing the fraction of cell transmit power necessary to achieve the target BLER, in a given percentage of cell area and with respect to the interference conditions (geometric factor G).As an example, in order to achieve 95% of the cell coverage in the system scenarios considered for the evaluation, respecting a BLER target value of 1% for a 64kbit/s MBMS service, it is required to allocate to S-CCPCH a transmission power ranging from about 20% to 60% of the total base station downlink power, depending on the channel model taken into account, the TTI length and the number of radio-links available for the combining [32]. 

In addition to the p-t-m transmission, the mapping of MTCH over traditional p-t-p channels has been kept for MBMS. In fact, if the number of users in the cell interested in a given service is low, the usage of many physical channels like PDCH or HS-PDSCH, relying on fast link adaptation (power control or Hybrid ARQ with AMC), could have the same efficiency than one S-CCPCH, also depending on the location of the users within the cell. In fact, every p-t-p connection requires only the necessary power (dynamically set by the link adaptation mechanisms) whereas the maximum transmission power of the S-CCPCH should be fixed a priori and it could be wasted if the trade off between this channels is not properly set. 
For this reason the UTRAN may implement specific RRM strategies in order to dynamically select cell by cell the transmission mode that better exploits the available radio resources for MBMS.

14.2.2
MBMS counting

In order to identify the optimum transmission mechanism for the MBMS multi-cast service at every given time, UTRAN needs to determine the number of users within a cell interested in a MBMS service.

The need for counting is indicated by the CRNC by means of a notification message to UEs belonging to the same MBMS service group. The UEs respond to counting by sending dedicated RRC signalling to CRNC. The CRNC may use notification to indicate counting right before the MBMS session start or during an ongoing MBMS session (re-counting). In this way, a RRM decision algorithm can also command a switching between p-t-p or p-t-m connections with respect to changes that occur during the MBMS session (e.g. users enter or leave the cell or activate/de-activate the service).

The counting response triggers RRC signalling and it is desirable to avoid that a large number of UEs in a specific cell respond to counting at the same time (RACH congestion, etc). Therefore, UTRAN may also control the load due to the RRC signalling, by setting an access "probability factor".
It is worthwhile noting that the purpose of the counting procedure is not to determine the exact number of UEs in the cell, but to derive whether there is at least / at most a given number of UEs so that it is better to switch the transport channel type. Moreover, due to limited capability, a UE that activated a given service and that has replied to counting, may not be able to receive that service in p-t-m, in case other services at higher priority are being transmitted simultaneously. In this case the counting procedure overestimate the number of UEs that actually receive the service. Hence, the exact number of UEs that need to respond to counting is as an RRM issue as well. 
14.2.3
MBMS RRM p-t-p / p-t-m switching strategies

In general terms, MBMS RRM switching criteria between p-t-p and p-t-m connections relies on UE counting procedure, a-priori planning and link budget considerations, based on the worst case, i.e. all the UEs involved in the MBMS service are assumed to be at the cell edge. 

In fact, by planning and link budget calculations it is possible to estimate the maximum transmit power required by one p-t-p transport channel (DCH or HS-DSCH) in downlink to accommodate the MBMS service for a user located at the cell edge. Hence it is also possible to estimate if the total worst case transmitted power required in downlink by n * p-t-p channels (where n is the number of MBMS UEs estimated by the counting procedure) is lower than the transmitted power allocated to S-CCPCH to which the MBMS service is mapped. As an example, the pole capacity function can be used in order to estimate the maximum transmitted power in downlink for a DCH for a given service or an equivalent formula can be used for HS-DSCH.

A more accurate strategy could be based both on UE counting and instantaneous estimation of the actual downlink transmitted power required in the case of p-t-p transmission, depending on the UEs location. In fact, due to the different physical locations of UEs, each one experiencing different fading and path loss, and a more effective decision can be taken about the switching point between p-t-p and p-t-m. 

The following picture provides an example of  MBMS p-t-p/p-t-m switching algorithm adopting a decision criterion based both on UE counting and the estimation of the total DCH downlink transmitted power required to accommodate each UE that activated an MBMS service.
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Figure 14.2.3-1: Example of MBMS p-t-p / p-t-m switching algorithm

In case the UTRAN needs to perform instantaneous estimation of the downlink power required by a given UE, the following procedures can be used:
· Initial selection of transmission type: when the MBMS session starts, it is possible to exploit the UE counting procedure. During RRC connection establishment procedure, path-loss information can be reported by UEs when responding to the counting request;
· p-t-p to p-t-m transition: when p-t-p transmission is used, CRNC can configure the base station to measure and to report the instantaneous downlink transmitted power for each radio link. Hence, CRNC is aware of the instantaneous downlink power required by the p-t-p transmission and this information can be used to periodically check if the condition for p-t-m transmission is met;
· p-t-m to p-t-p transition: when p-t-m transmission is used, CRNC can periodically perform a counting procedure and use the path loss information reported by the UEs that respond to counting.
Due to the amount of signalling information needed for counting and measurement reporting, further optimization is also possible. In fact, when the number of UEs involved in the MBMS service is lower than a threshold, the p-t-p transmission can be set regardless of accurate power estimation. On the other hand, also when the number of UEs involved in the MBMS service is higher than another threshold, the p-t-m transmission can be set regardless of accurate power estimation. In this sense, only if the number of users is within a specific range, a more accurate counting and power dependent selection criterion should be adopted in order to take the optimal decision.
In case the combining is configured for some cells, the switching from p-t-m to p-t-p should be applied also taking into account the loss of combining gain, both in the cell where the counting is performed and in the neighbouring cells.
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