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1
Introduction
As seen in [1], the spectral efficiency of Release 6 MBMS ranges from 0.02 bps/Hz to 0.2 bps/Hz depending upon the methodology and chosen scenario. As a part of LTE, we have suggested a variety of techniques to improve the spectral efficiency of MBMS in [2].
In this document, we discuss and summarize our proposal for Enhanced MBMS, hereby referred to as [E]-MBMS.
2
Discussion
2.1
Flexible Downlink Architecture
In a paired spectrum scenario, transmission of downlink only [E]-MBMS is not an efficient usage of resources, unless the transmission occurs mainly during off-peak hours. If transmitted during peak hours, UL efficiency can be degraded, depending upon the channel structure.
From a multiplexing point of view, a continuous DL allocation of resources to [E]-MBMS may not always be the preferred deployment scenario.

Therefore, the channel structure of [E]-MBMS should be flexible enough such that:

· It can be deployed transparently in paired and unpaired spectrum
· It can be multiplexed with other services
Keeping the above requirements in mind, we propose a slotted mode TDM channel structure for [E]-MBMS as shown in Figure 1.
The downlink carrier f1 is an auxiliary unpaired carrier dedicated to [E]-MBMS. In the remaining carriers, [E]-MBMS is multiplexed with unicast transmissions as and when possible. 
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Figure 1

Flexible Downlink Architecture
2.2
Single Frequency Network (SFN) Operation
With proportional-fair scheduling, the spectral efficiency of downlink unicast transmission is dictated by the average C/I experienced within a multi-cell layout. 

For downlink broadcast, the spectral efficiency is dictated by the user in worst channel conditions. Typically, one is interested in the C/I corresponding to 95% or 99% coverage in the system. 

As shown in [2], in a multi-cell layout, the downlink broadcast SNR is determined by three distinct components:

· Signal power
· Depends on the transmit power from relevant Node-B(s), cell size and associated path loss, shadowing loss and building or vehicular penetration losses
· Interference power

· Depends on whether the same information is transmitted from neighboring cells and whether the information is mapped to the same radio signal (simulcast operation)
· Thermal noise power
If the same signal is transmitted from all the cells within the system (simulcast), the signal component is reinforced and the interference component is drastically reduced or eliminated, leading to a very high C/I distribution. In a SFN operation, the C/I is thermal noise and/or transmit power limited.

Table 1 compares the C/I corresponding to different coverage scenarios with ITU Ped-B channel for unicast and SFN broadcast with the LTE link budgets agreed during RAN WG1 #41. 
These values are derived from [3][4]. For simplicity, we assume an effective delay spread of 20 µs for simulcast operation.

	Inter-Site Distance
	Building/Vehicular

Penetration Loss (dB)
	C/I (dB)

	
	
	SFN Broadcast
	Unicast

	500 m
	20 dB
	19.0 dB
	2.3 dB

	500 m
	10 dB
	29.0 dB
	2.9 dB

	2800 m
	0 dB
	14.75 dB
	2.3 dB

	2800 m
	10 dB
	4.75 dB
	2.3 dB


Table 1

Downlink C/I – SFN Broadcast vs. Unicast – 1 Tx + 1 Rx
We observe the following:

· The median downlink C/I for unicast is interference limited in all instances.
· The downlink C/I for 95% coverage of SFN broadcast is thermal noise limited in almost all instances

· For the macro-cell (2800m) deployment with 10 dB penetration losses, the SNR is very low due to transmit power limitation
· Except the (2800m, 10 dB) scenario, the C/I for 95% coverage of SFN broadcast is extremely large.
2.3
Modulation and Code Set 
In R6 MBMS, QPSK is the only modulation that is allowed on S-CCPCH. 

The high C/I for SFN broadcast allows for the use richer packet formats. 

We propose to add 16-QAM and 64-QAM as additional modulation choices for [E]-MBMS.
2.4
Choice of Waveform for SFN Operation
As stated in [3], the effective delay spread of a SFN channel is very large and exceeds 20 µs in some deployment scenarios.
The SFN effective delay spread is much larger than what is seen in typical urban channels for unicast – for instance, the RMS delay spread for ITU Pedestrian B channel is approx. 3 µs. 
2.4.1
Backward Compatibility Issues
Re-using the Rel-6 CDM waveform and using the same scrambling code from all the cells, one can perform equalization at the receiver and mitigate the impact of multi-path interference. On this topic, the performance of Frequency domain equalization (FDE) coupled with decision feedback (DFE) is well documented [5].
However, note that the technique outlined in [5] is not the same as the Release-6 waveform. 
· We do not insert a cyclic prefix (CP) at the transmitter in Rel-6 WCDMA
· The same DL scrambling code is not used across all the cells in the network

Following the arguments in the Appendix of [3], the absence of a CP at the transmitter introduces inter-block interference after FFT operation at the receiver. 
The value of inter-block interference depends upon two factors:

· Delay spread normalized by the FFT length

· Excess delay power profile
For DL unicast, the inter-block interference is not a serious issue, since the delay spread is small (less than 12 chips for Ped-B channel).
However, for SFN broadcast, the inter-block interference is significant due to a large effective delay spread (80 chips). One could mitigate this by increasing the FFT block length, but this leads to link performance degradation in high doppler. 
Therefore, a FDE+DFE receiver cannot be easily employed for SFN broadcast unless a CP is introduced in the transmitter.
If a CP is introduced in the transmitter for Rel-6 waveform, due to DL scrambling, it introduces a non-orthogonal component of the signal for legacy terminals. 
Therefore, a CP cannot be introduced at the transmitter in a simple Rel-6 backward compatible manner. [E]-MBMS and Release WCDMA terminals cannot co-exist without a significant link performance loss associated with [E]-MBMS.
[image: image2.jpg]OFDM

Channel
Data [ IFFT Tx  [» Chamnel a  Rx FET [l ccyo® Ll Demodulation (-~
FDE
Channel
Data Tx  [» Chamnel & Rx FFT  |f Estimationand [ IFFT | Demodulation
Equalization





Figure 2

OFDM vs. CP based FDE

2.4.2
No Backward Compatibility
From the arguments outlined in section 2.4.1, we have the choice of proposing any waveform for SFN broadcast for LTE with no possibility of multiplexing legacy WCDMA FDD terminals in the system. Further, as noted in section 2.1, we prefer a waveform that can be easily multiplexed with unicast transmissions. 
As shown in Figure 2, there is no fundamental difference in the processing blocks between OFDM and CP based FDE, and we are free to pick either approach. However, as stated in section 2.4.1, for a SFN operation in CDMA, we need to use the same scrambling code across all the cells. This makes it more difficult to multiplex unicast and SFN broadcast transmissions using TDM.
Therefore, we propose OFDM as the waveform for [E]-MBMS SFN operation. 
The choice of CP and other parameters is discussed in [3].
2.5
Channel Structure

In Rel-6 MBMS, the S-CCPCH TTI ranges from 40ms to 80ms. Multiple transport channels are multiplexed onto S-CCPCH – any UE that processes one logical channel has to store the soft symbols, demodulate and decode the S-CCPCH over the entire 40ms to 80ms TTI. 
Such a channel multiplexing structure is highly inefficient from a power consumption perspective.
2.5.1
Channel Multiplexing

For [E]-MBMS, we propose the following channel multiplexing structure:

· TDM interlacing of multiple streams
· Use of a very short TTI for each stream

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”.

Figure 3 illustrates an example of the proposed structure.
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Figure 3

Channel Multiplexing – Example Numerology
The [E]-MBMS channel has a three-tier channel structure, consisting of super frames, outer frames and radio frames. 

In this example numerology, let us assume that:
· Each super frame spans 1280 ms and consists of 4 outer frames

· Each outer frame spans 320 ms and consists of 32 frames

· Each frame spans 10 ms and consists of 15 slots

Each stream is mapped to at least 1 slot per outer frame. If the TTI per stream is 1-slot, this allows for a maximum of 15*32 = 480 streams. 
The data rate per stream is increased by contiguous slot aggregation per frame.
The UE needs to “wake up” only for the relevant slots in every outer frame and decode the streams of interest.
At the beginning of every super frame, a control channel indicates the [E]-MBMS allocation over the next super frame – slot allocation, associated TF and other relevant information.
2.5.2
Pilot Structure
We propose two kinds of pilot structures for [E]-MBMS:

· TDM Pilot

· Used for SFN channel timing and acquisition

· FDM Pilot

· Used for channel and interference estimation
2.6
Temporal Diversity

In Rel-6 MBMS, time diversity is achieved by allocating a long TTI (40ms to 80ms) to S-CCPCH.

For SFN broadcast transmissions, the link budget allows for peak data rates exceeding 5 Mbps in 5 MHz. From a Rel-6 UE capability perspective, this is a 20x increase in peak data rate. Clearly, the use of a long TTI to achieve temporal diversity leads to a significant increase in soft buffer requirement.

Therefore, we propose to use a serial concatenated code for [E]-MBMS to achieve temporal diversity as shown in Figure 4.
· Transport blocks are encoded using a [n, k] Reed-Solomon code over GF(256)
· Introduces additional parity blocks
· Each row within an outer block corresponds to one inner block

· Each inner block is turbo encoded and transmitted
· The transmission of each coded outer block is uniformly spaced across all outer frames within a super frame
As an example, let n=4 and k=3. Then, in the example numerology shown in Figure 3, each outer frame contains exactly 1 inner block transmission. The coded outer block spans 1280 ms.

For a given outer block, RS erasure decoding is performed after a sufficient number of inner blocks are decoded correctly.
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Figure 4

RS Outer Coding
2.7
Open Loop Transmit Diversity

Similar to Release 6 MBMS, we propose to use retain the option of using open loop transmit diversity schemes as and when necessary for [E]-MBMS. 
2.8
Differential QoS
There may be interest in providing differential QoS on the same logical stream across the network. 

A single logical stream can be separated into base and enhancement layers – with the essential coverage provided by a high priority base layer and improved QoS provided by a lower priority enhancement layer. 

The base and enhancement layers are encoded separately. A hierarchical constellation is constructed by super-imposing constituent constellations as shown in Figure 5.
The base and enhancement layers are mapped onto the constituent constellations. The energy ratio 
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 determines the coverage for both layers and the resultant constellation. 

For instance, for QPSK+QPSK and an energy ratio of 4, the resultant constellation degenerates to 16-QAM. For other energy ratios, the resultant constellation is not 16-QAM.
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Figure 5

Hierarchical Modulation – QPSK + QPSK
If there is sufficient interest from the operators, we propose to study hierarchical modulation as a mechanism to provide differential QoS for the same logical stream in the context of [E]-MBMS.
3
Conclusions
Based on the above discussion we suggest the following principles for point to multipoint transmission in E-UTRA:

· OFDM based channel structure
· Slotted mode TDM operation for flexible downlink operation

· Tiered channel structure with TDM interlacing of multiple streams

· Use of 16-QAM and 64-QAM

· Temporal diversity using Reed-Solomon codes

· Use of open loop transmit diversity

· Study use of hierarchical modulation

We propose to capture these principles in 3GPP TR 25.814.
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