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1
Introduction
Multicast traffic has an inherently different structure from that of unicast and as such, its scheduling mechanism needs to be considered as a separate topic. 
In this document, we analyze the possible scheduling mechanisms for E-MBMS.

2
Discussion

At any given point in time, multicast services are expected to be offered in the system depending upon the presence of different terminals subscribed to different services. The offered multicast content has a semi-static temporal pattern and varies as different terminals enter/leave the system. Therefore, the traffic pattern varies over longer timescales compared to unicast.

This observation implies that the announcement of a reconfiguration of E-MBMS services (MTCH) can be made over long periods. The associated control channel for E-MBMS (termed as MCCH) does not have to be sent every slot, as is the case for the associated control channel for unicast traffic (termed as SCCH), but can be sent very infrequently.
This was the basis of the candidate channel structure shown in [1], as shown in Figure 1, wherein the MCCH is sent during the preamble period of every E-MBMS super frame. In Figure 1, an E-MBMS super frame spans 1000ms, the E-MBMS preamble period spans 40 ms, an E-MBMS outer frame spans 240 ms and an E-MBMS frame spans 10 ms.
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Figure 1

E-MBMS Channel Structure
Note: the preamble and super frame in Figure 1 are meant to be the E-MBMS preamble and the E-MBMS super frame (not to be confused by the preamble and super frame concepts introduced in [3]). 
3
Control Overhead
Consider the DL numerology corresponding to 5 MHz bandwidth in [2]. 
Assuming a 16.67% overhead for pilot tones, one can transmit data at 6 Mbps using 16-QAM rate ½ in a stand-alone 0.5ms E-MBMS slot. This assumes that unicast and multicast data transmission is time-multiplexed (TDM) as opposed to frequency-multiplexed (FDM).
We define a few terms to clarify the design proposal:

MTCH TTI

It is defined as the unit of transmission (number of contiguous slots) for a given encoded packet within an E-MBMS outer frame.

MTCH Interlace
It refers to a single source stream within a MBMS super frame. 

The number of MTCH interlaces per E-MBMS super frame is less than or equal to the E-MBMS outer frame duration divided by the MTCH TTI. The equality holds when none of the slots within an E-MBMS outer frame are utilized for other transmissions other than MTCH (such as SDCH, SCH, CCCH, etc.).
MBMS Stream

It refers to the granularity of the offered multicast data transmission. The number of MBMS streams that can be supported in the system is equal to or greater than the number of MTCH interlaces.
Depending on the MCS, TTI and number of available slots/interlaces for MTCH, the effective data rate per interlace varies, as shown in Table 1.
	Super Frame

Duration
	Outer Frame Duration
	MTCH TTI
	Number of Available Interlaces
	Effective Data Rate

per Interlace

	
	
	
	
	16-QAM

Rate 1/2
	QPSK

Rate 1/2

	1000 ms
	240 ms
	0.5 ms
	480
	12 kbps
	6 kbps

	
	
	1.0 ms
	240
	24 kbps
	12 kbps

	
	
	2.0 ms
	120
	48 kbps
	24 kbps


Table 1
MTCH Granularity – TDM Operation with Unicast Data
Therefore, using 16-QAM rate ½ and 0.5 ms TTI, the minimum data rate per MTCH stream is 12 kbps. For a given stream, the data rate can be increased by interlace aggregation and reaches 5.76 Mbps if all interlaces are allocated to this stream.
For each available MTCH interlace in an E-MBMS superframe, the MCCH needs to indicate the following information:

· MTCH Stream ID
· MCS

· Transport Block Size

· Modulation

· Unlike unicast data transmission, MTCH transmissions do not benefit from channel sensitive scheduling. A fixed mapping between TB size and modulation can be applied if the bandwidth allocated to MTCH is known a priori (for instance, when unicast SDCH and multicast MTCH traffic is transmitted in TDM)
· SFN Indication

· This bit indicates whether the stream is sent using SFN and a long CP symbol format is used in the corresponding interlace
The MCCH overhead is computed in Table 2.
	Parameter
	Value

	Stream ID
	7 bits
	8 bits
	9 bits

	TB Size
	5 bits

	SFN Indication
	1 bit

	Number of Interlaces
	120
	240
	480

	Number of Slots per Interlace

per Outer Frame
	4
	2
	1

	CRC
	16

	Number of bits
	1576
	3376
	7216

	Modulation
	QPSK

	Code Rate

	0.158
	0.154
	0.157

	Number of MCCH Symbols

per Super Frame
	20
	44
	92

	MCCH Overhead
	0.14 %
	0.31 %
	0.66 %


Table 2

MCCH Overhead – TDM Operation with Unicast Data
In Table 2, we assumed that the MCCH is sent by each cell in the system in a short CP (non SFN) slots. It is seen that the MCCH overhead can be kept well within 1% in all scenarios.

If the MTCH and unicast data (SDCH) is transmitted using FDM, the MCCH needs to signal additional parameters:

· Resource (tone) mapping

· Starting point of tone within channel tree

· Number of tones can be implicitly derived from the MCS

In the preamble period, the MCCH is interleaved across four 10ms radio frames. 
Consider the example with 480 interlaces wherein 92 OFDM symbols are needed for MCCH. There are 23 MCCH symbols per frame and 4 frames within the preamble. The location of the MCCH symbols is shown in Figure 2.
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Figure 2

MCCH Multiplexing
Note: the preamble and super frame in Figure 2 are meant to be the E-MBMS preamble and the E-MBMS super frame (not to be confused by the preamble and super frame concepts introduced in [3]).
4
Summary

In this document, we discussed the control channel structure for E-MBMS. It was seen that with the proposed structure, the MCCH overhead can be kept very small (less than 1%) while providing a sufficient number of independent streams and data granularity per stream. 
We propose to capture the MCCH structure as text in TR 25.814.

------------------------------------------------------ Begin Text Proposal ----------------------------------------------------------------

7.1.1.6
E-MBMS

7.1.1.6.1
Multicast Data Channel Structure
7.1.1.6.2
Multicast Control Channel Structure
At any given point in time, multicast services are expected to be offered in the system depending upon the presence of different terminals subscribed to different services. The offered multicast content has a semi-static temporal pattern and varies as different terminals enter/leave the system. Therefore, the traffic pattern varies over longer timescales compared to unicast.

The announcement of a reconfiguration of E-MBMS services (MTCH) is made over a long period. The associated control channel for E-MBMS (termed as MCCH) is not sent every slot, as is the case for the associated control channel for unicast traffic (termed as SCCH), but is sent very infrequently.

The MCCH contains the following information about MTCH for each interlace in which MTCH is sent.
· MTCH Stream ID
· Each stream corresponds to a different source
· MCS
· Indicates Block Size, Modulation and Code Rate
· Single Frequency Network (SFN) Indication

· This bit indicates whether the stream is sent using SFN and a long CP symbol format is used in the corresponding interlace

---------------------------------------------------------- End Text Proposal --------------------------------------------------------------
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� Assuming 250 tones available per OFDM symbol and each slot contains short CP symbols
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