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1
Introduction
In this document, we discuss the application and performance of hierarchical modulation for E-MBMS.
2
Discussion
2.1
Hierarchical Modulation
2.1.1
Introduction
Hierarchical modulation offers a mechanism to provide multiple services related to the same logical content 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 non-essential coverage provided by a lower priority enhancement layer.
It can be interpreted as adding less time sensitive content on top of the core content. For instance, a game could constitute the core base layer, while extra enhancement layer could constitute replays, game statistics, player profiles, advertisements, etc.
The two streams – high priority base layer and lower priority enhancement layer – are separately encoded. A hierarchical constellation is then constructed by superimposing the two constituent constellations as shown in Figure 1.
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Figure 1

Direct Summation – QPSK + QPSK

A user in high SNR region can distinguish all points in the resultant constellation (base and enhancement layers), while a user in low SNR region can only distinguish the base layer. This is illustrated in Figure 2.

The energy ratio 
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 determines the coverage for both layers and the resultant constellation. 
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Figure 2

Differential QoS
2.1.2
LLR Computation

The received OFDM symbol can be written as:
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The base layer LLRs can be computed from the entire constellation.
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The enhancement layer LLRs can be computed in two ways:

Parallel Decoding

The LLRs can be computed in the same way as the base layer, using the entire constellation.
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In this scenario, a gray mapped constellation is preferable over a constellation based on direct summation.
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Figure 3

Gray Mapping
Successive Decoding

In this case, the base layer is decoded first. Assuming successful decoding of the base layer, the base constellation is reconstructed and subtracted from the received symbol to generate the enhancement constellation. 
[image: image8.wmf]estimate

  

response

 

frequency 

  

Channel

layer

t  

enhancemen

  

ted

Reconstruc

wherein

)

(

=

=

+

×

×

×

-

=

+

×

+

×

×

×

=

H

y

n

x

E

H

y

y

n

x

x

E

H

y

E

B

s

E

E

B

s

a

b

a


The LLRs are computed from the enhancement constellation only.
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2.1.3
AWGN Constrained Capacity
The tradeoff between parallel vs. successive decoding, and gray vs. non-gray mapping can be seen in Figures 4, 5 and 6. Two different energy ratios are used to illustrate the underlying issues.
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Figure 4

Parallel vs. Successive Decoding – ER = 4.0
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Figure 5

Parallel vs. Successive Decoding – ER = 9.0

From Figures 4 and 5, it is seen that in an intermediate SNR region, successive decoding outperforms parallel decoding. As the SNR increases or the energy ratio increases, the performance difference diminishes.
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Figure 6

Gray vs. Non-Gray Mapping

From Figure 6, it is seen that the use of gray mapping improves performance when parallel decoding is employed for enhancement layer. 
2.2
Simulations
In this section, we compare the performance of hierarchical modulation with two scenarios:
· TDM scenario

· Base and enhancement layers are transmitted using TDM
· FDM scenario

· Base and enhancement layers are transmitted using FDM
We will choose an energy ratio (ER) set of {4.0, 9.0} for HM and 50% duty cycle in TDM/FDM modes. Note that the dual of 50% duty cycle in time/frequency domains is equivalent to an ER of 4.0 in the HM constellation.
The rest of the simulation assumptions are shown in the Appendix.

Figures 1 to 6 show the performance of base and enhancement layers.
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Figure 7

TU 3 kph
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Figure 8

TU 30 kph
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Figure 9

HM vs. TDM – 3 kph – ER = 4.0
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Figure 10

HM vs. TDM – 3 kph – ER = 9.0
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Figure 11

HM vs. TDM – 30 kph – ER = 4.0
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Figure 12

HM vs. TDM – 30 kph – ER = 9.0
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Figure 13

HM vs. FDM – 3 kph – ER = 4.0
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Figure 14

HM vs. FDM – 3 kph – ER = 9.0
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Figure 15

HM vs. FDM – 30 kph – ER = 4.0
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Figure 16

HM vs. FDM – 30 kph – ER = 9.0
3
Conclusions
In this document, we presented hierarchical modulation as a mechanism to provide multiple services on the same logical content. 

Comparing HM vs. TDM/FDM modes at 1% BLER for an ER of 4.0, it is seen that the link performance of base and enhancement layers for HM is always better.

For HM, as the energy ratio increases, the performance of base layer improves, but the performance of enhancement layer degrades.
We propose to capture these concepts and results as text in TR 25.814.
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Appendix

The link simulation assumptions are outlined below:

	Parameter
	Value

	TTI
	1-slot = 0.5 ms

	TB size per layer
	1280 bits

	FFT Size
	512

	Number of pilot sub-carriers per symbol
	75

	Pilot Structure
	2x time/freq staggered

	Number of data sub-carriers per symbol
	225

	Number of symbols per TTI
	6

	Modulation
	16-QAM (HM, FDM, TDM, Joint Encoding)
QPSK (Single Layer)

	Code Rate
	0.483

	Channel estimation
	Enabled

	Channel Model
	Two GSM TU channel clusters spaced apart by 10 µs

	Number of Rx Antennas
	2


Table 1

Link Simulation Assumptions
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