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1
Introduction
In this document, we discuss our reference evaluation configuration for the L1 structure of E-MBMS.
2
Discussion
2.1
Multiplexing with Unicast
As shown in [2], in an SFN operation of E-MBMS, the effective delay spread can be very large (20 µs). This is much larger than the typical delay spread for unicast systems – for instance, the GSM TU channel has a delay spread of 5 µs. 

For an efficient operation, DL data unicast and multicast OFDM symbols must be transmitted using TDM. An FDM operation leads to link inefficiency for the DL data unicast transmissions. 

Transmissions for uplink, such as uplink grants and ACK/NAK signals, may be transmitted using FDM, depending upon the impact on uplink capacity. This issue is FFS.
Therefore, we propose a slotted mode TDM channel structure for E-MBMS as shown in Figure 1. Each E-MBMS slot contains a single encoded TB spanning multiple symbols.
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Figure 1

Multiplexing of E-MBMS and Unicast Slots
2.2
Channel and Interlace Structure

As stated in [1], the MBMS channel structure in Rel-6 is highly inefficient from a UE power consumption perspective. The use of a long TTI on S-CCPCH (40ms to 80ms) coupled with TrCH multiplexing implies that any UE that processes one logical channel has to store the soft symbols, demodulate and decode the S-CCPCH over the entire TTI. 
The use of a short TTI (1-slot) can alleviate the UE power consumption issues, but increases Tx power consumption due to the lack of time diversity.

To solve both problems, we propose the following:
· TDM interlacing of multiple streams
· No TrCH multiplexing

· Every stream is transmitted using a very short high data-rate burst. 
· This allows a UE to “wake up” as and when necessary, decode the E-MBMS stream of interest and fall back to “sleep state”.

· Reed-Solomon outer coding

· Each stream is encoded with a RS outer code

· Multiple inner coded blocks are transmitted over a larger time duration known as a super-frame
2.2.1
Channel Structure
We propose that the E-MBMS channel has a three-tier channel structure, consisting of super frames, outer frames and radio frames. 
In the evaluation numerology outlined in TR 25.814:
· Each super frame spans 1000 ms

a. Consists of 4 outer frames for E-MBMS traffic
b. Preamble portion consists of E-MBMS control and SFN TDM pilot symbols
· Each outer frame spans 240 ms

a. Consists of 24 radio frames

· Each radio frame spans 10 ms

a. Consists of 20 slots
This is illustrated in Figure 2.
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Figure 2

Channel Structure
2.2.2
Interlace Structure
There are 480 slots per outer frame. With a 1-slot TTI, this allows for 480 TDM interlaces per outer frame.
The minimum allocation for each stream is 1 interlace per outer frame. With a 1-slot TTI, each stream is allocated a minimum of 4-slots per super frame.
This is illustrated in Figure 3.
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Figure 3

Interlace Structure
2.2.2
Outer Coding
Each interlace is encoded using a [4, 3] RS outer code, prior to inner turbo coding. The 4 outer coded blocks are transmitted in each of the 4 outer frames, leading to an effective TTI of 960ms.
2.3
Stream Granularity
For the 5 MHz evaluation numerology outlined in [3], we have the following set of E-MBMS parameters per 1-slot inner TTI (0.5 ms):
· Number of pilot tones per symbol = 75

· 2x time/frequency staggered pilot structure

· Allows for 150 tap (19.5 µs) channel estimation

· Number of data tones per symbol = 225

· Each source stream is allocated at least 1 TDM interlace
An example of stream granularity is shown in Table 1:
	Source Rate (kbps)
	Allocated Rate (kbps)
	Transport Block Size

	
	
	

	2457.6
	5.12
	1280

	3686.4
	7.68
	1920

	4915.2
	10.24
	2560

	5529.6
	11.52
	2880


Table 1

Stream Granularity
Consider the case when the TB size is 1280:

· If only IL0 is occupied, the effective data rate is 5.12 kbps

· If all the 480 interlaces (IL0 to IL479) are occupied, the effective data rate is 2457.6 kbps

· The data rate per stream is increased by contiguous interlace aggregation per radio frame
The UE needs to “wake up” only for the relevant interlaces in every outer frame and decode the streams of interest.
2.4
Preamble
As shown in Figure 2, at the beginning of every super frame, a preamble is transmitted. This preamble consists of two parts:
· E-MBMS Control

· Number of active E-MBMS interlaces in the super frame

· Interlace specific information

· Active stream ID mapping per interlace
· Transport Format per interlace

· Indication of whether each interlace contains SFN or non-SFN content

· TDM Pilots

· Used for SFN timing acquisition
The equivalent of Release 6 MCCH and MSCH are mapped on the preamble channel. 
Note that the preamble structure allows for expansion of the super frame time scale, if we wish to retain the R6 MBMS philosophy. 
· The super frame can be treated as the repetition period of the preamble

· Modification period is an integral multiple of the repetition period (e.g. 1000ms, 5000ms, etc.)

· Active terminals are required to read the MCCH every modification period

· Inactive terminals are required to read the MICH every modification period

· MICH is not necessary if all terminals are required to read the MCCH

3
Conclusions
In this document, we discussed our proposal for E-MBMS channel structure. In summary, our proposal is:
· TDM insertion of multicast symbols with unicast

· Three-tiered channel structure to alleviate issues arising from UE power consumption and allowing for temporal diversity with RS codes
· TDM slots reserved for multicast at the beginning of every super frame

· TDM interlaces with fine granularity on each logical stream

· Preamble transmission at the beginning of every super frame 

We propose to capture this as text in TR 25.814.
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