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1
Introduction

This document presents a text proposal for the channel structure for E-UTRA MBMS evaluation to be incorporated in [1]. The text proposal is based on [2] presented and discussed in RAN1 #42bis and previously submitted in RAN1 #42 [3]. 
This document also presents a text proposal for the multiplexing of unicast and multicast traffic in the OFDMA based E-UTRA downlink to be incorporated in [1]. This contribution builds from the concepts presented and discussed in RAN1 #42bis in [2] with some additional flexibility.

2
Text Proposal 
==================== Start of Text Proposal ========================
7.1.1.2
Multiplexing including reference-signal structure
7.1.1.2.1
Downlink data multiplexing

Both TDM and FDM are employed to map channel-coded, interleaved, and data-modulated information [Layer 3 information] onto OFDM time/frequency symbols. The OFDM symbols can be organized into a number of resource blocks consisting of a number (M) of consecutive sub-carriers for a number (N) of consecutive OFDM symbols. The granularity of the resource allocation should be able to be matched to the expected minimum payload. It also needs to take channel adaptation in the frequency domain into account.

The frequency and time allocations to map information for a certain UE to resource blocks is determined by the Node B scheduler and may e.g. depend on the frequency-selective CQI (channel-quality indication) reported by the UE to the Node B, see Section 7.1.2.1 (time/frequency-domain channel-dependent scheduling). The channel-coding rate and the modulation scheme (possibly different for different resource blocks) are also determined by the Node B scheduler and may also depend on the reported CQI (time/frequency-domain link adaptation). 

In addition to block-wise transmission, transmission on non-consecutive (scattered) sub-carriers is also to be supported as a means to maximize frequency diversity.

Details of the multiplexing of lower-layer control signaling is currently TBD but may be based on time, frequency, and/or code multiplexing.

7.1.1.2.1.1

Multiplexing of Unicast and Multicast Traffic

The following unicast/multicast traffic multiplexing schemes should be considered:

· TDM: DL unicast traffic and multicast traffic sent over separate slots

· Unicast and multicast transmissions may use different CP lengths.

· FDM: DL unicast traffic and multicast traffic can be sent over same slot on disjoint frequency allocations

· Unicast and multicast transmission use same CP length if transmitted in same slot.

· Hybrid: Based on TDM approach with

· One symbol within a slot dedicated for unicast

· Used for UL PHY control.

· Rest of symbols within a slot dedicated for multicast.
· Unicast and multicast transmissions may use different CP lengths.
7.1.1.2.2
Downlink reference-signal structure

The downlink reference  signal(s) can be used for at least  

· Downlink-channel-quality measurements

· Downlink channel estimation for coherent demodulation/detection at the UE

· Cell search and initial acquisition

Reference symbols (a.k.a. ”First reference symbols”) are located in the first or second OFDM symbol of a sub-frame. 

Additional reference symbols (a.k.a. ”Second reference symbols”) may also be located in other OFDM symbols of a sub-frame

The position (in the frequency domain) of the reference symbols (first as well as second reference symbols) may vary from sub-frame to sub-frame.

The first reference symbols are always transmitted from one or multiple TX antennas.

It is currently FFS if the second reference symbols are

· always transmitted,

· selectively transmitted, or

· never transmitted (i.e. there are no second reference symbols)

In the case of selectively transmitted second reference symbols, the transmission of second reference symbols could be based on e.g.

· The possibility for inter-sub-frame interpolation between first reference symbols (second reference symbols e.g. only transmitted when inter-sub-frame interpolation between first reference symbols is not possible, e.g. when some sub-frames are used for Single-Frequency-Network- based broadcast)

· Doppler, in case of common channels the highest anticipated Doppler (second reference symbols only transmitted at high Doppler)

· Scheduling decision (second reference symbols only transmitted in resource blocks being scheduled)

· Selected ”transport format”  (second reference symbols only transmitted e.g. in the case of higher-order modulation)

· Number of TX antennas used for transmission (second reference symbols only transmitted in case of transmission from more than a certain number of TX antennas)

Additional UE-specific reference signals are to be considered for dynamic beam forming

It should be possible to create multiple mutually orthogonal reference signals. 

· To support transmission using multiple TX antennas 

· To allow for orthogonal reference signals between sectors and fixed beams of the same Node B.
Means to have good correlation properties also between reference signals of cells of different Node B should also be considered.
/-----------------------------/
7.1.1.5
Downlink macro diversity

Fast cell selection is one option for macro-diversity for unicast data.. In principle, Intra-Node-B selection should be able to operate on a sub-frame basis while the "speed" of inter-Node-B cell selection will depend on the outcome of discussions on Evolved UTRAN architecture. 
An alternative Intra-Node-B macro diversity scheme for unicast is a simultaneous multi-cell transmission with soft-combining. The basic idea of multi-cell transmission is that, instead of avoiding interference at the cell border by means of inter-cell-interference coordination, both cells are used for transmission of the same information to a UE thus reducing inter-cell interference as well as improving the overall available transmit power. Another possibility of intra-Node-B multi-cell transmission is to explore the diversity gain between the cells with space-time processing (e.g. by employing STBC through two cells). Assuming Node-B-controlled scheduling and that fast/tight co-ordination between different Node B is not feasible, multi-cell transmission should be limited to cells belonging to the same Node B
Two alternatives for multi-cell transmission have been proposed,

· Alternative #1
The same reference signal pattern is used for the transmissions from the two cells. In this case, from a UE point-of-view the multi-cell transmission will be identical to a single-cell transmission using a different antenna pattern, 

-   Alternative #2
Different reference signal patterns are used for the transmission from the two cells. 
The impact of the two alternatives on the reference signal design and overhead, if any, needs further investigations.

For multi-cell broadcast, soft combining of radio links should be supported, assuming a sufficient degree of inter-Node-B synchronization, at least among a sub-set of Node B’s.
7.1.1.6
Multicast (E-MBMS) channel structure

7.1.1.6.1
Channel and Interlace Structure

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. 
To solve this problem, the following should be considered:
· 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”.

7.1.1.6.1.1
Channel Structure
The E-MBMS channel is proposed to have a three-tier channel structure, consisting of super frames, outer frames and radio frames. Based on the evaluation numerology in Table 7.1.1-1 we propose the following values: 
· 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 7.1.1.6-1.
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Figure 7.1.1.6-1

Channel Structure

7.1.1.6.1.2
Interlace Structure
There are 480 slots per outer frame. With a 1-slot TTI, this allows for 480 TDM interlaces (IL) 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 7.1.1.6-2.
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Figure 7.1.1.6-2

Interlace Structure

7.1.1.6.2
Stream Granularity

For the option of TDM multiplexing with unicast as described in section 7.1.1.2.1.1, the E-MBMS parameters per 1-slot inner TTI (0.5 ms) are as follows:
· 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 7.1.1.6-1:
	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 7.1.1.6-1

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.
7.1.1.6.3
E-MBMS Preamble

As shown in Figure 7.1.1.6-2, 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.)

· All E-MBMS terminals are required to read the MCCH every modification period

7.1.2
Physical layer procedure
7.1.2.1

Scheduling

7.1.2.2

Link adaptation

7.1.2.3

HARQ
Downlink hybrid ARQ should be based on Incremental Redundancy. Note that Chase Combining is a special case of Incremental Redundancy and is thus implicitly supported as well.
====================== End of Text Proposal ==============================
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