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1 Introduction

In [1], we analyzed the transmit power requirements for MBMS channel in various channel conditions and UE velocities. It was seen that if SHO were allowed, the peak transmit power can be reduced considerably, to less than 10% of the available Node-B power.

As mentioned in [1], the exact requirements on the physical layer have not been defined yet. However, without any loss of generality, we will outline some “reasonable” requirements.

1. The physical layer should support a typical higher layer throughput of 64 kbps.

2. The overall target BLER should be 1%.

With these requirements in mind, we wish to further reduce the transmit power requirement for MBMS, with minimal increase in UE complexity. 

2 Design
The baseline MBMS design calls for the payload to be turbo encoded and transported on the S-CCPCH. In this paper, we propose a serial concatenated code for the MBMS channel as shown in Figure 1.

1. Outer code - [n, k] Reed-Solomon code with no CRC

a. There are k information rows and (n-k) parity rows

b. RS decoding is done for every shaded column

2. Inner code - rate 1/3 turbo code with a 16-bit CRC

a. Each inner block of 20 ms TTI spans 1 row of the outer block

b. Eight information bits of the inner code correspond to one outer code symbol

3. Number of outer blocks – fixed, based on UE buffer size

The choice of a RS code stems from the fact that we wish to minimize UE complexity. In this instance, there are no H/W changes. The RS hard decoder can be implemented in S/W with limited additional complexity.

Given a certain overall target BLER, UE buffer size and higher layer throughput, we address the following questions.

1. What is the optimal inner code operating BLER?

2. What are the RS code parameters?
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Figure 1
Serial Concatenated Code

If we do not consider the overhead associated with the outer code, there are 1280 information bits per 20 ms TTI (for a 64 kbps service).

We define the following.
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The inner code passes up erasures to the outer code if the CRC fails. 

Therefore, we have:
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The probability of an error after RS decoding can be written as:
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Consider a shortened RS code with n = 15 and k = 11. 

To maintain 64 kbps at the upper layer, we have 1752 bits per 20 ms TTI. This implies 87.6 kbps at the physical layer. The inner code rate increases from 0.27 to 0.37.

[image: image5.wmf]
Figure 2
Performance of [15, 11] RS code

It is seen that to maintain 1% BLER on the outer code, the inner code needs to operate at 9.5% BLER.

3 Simulation Results

In Figures 3, 4 and 5, we plot the BLER as a function of Tx Ec/Ior for different channel conditions. No SHO has been assumed in these simulations. The simulation assumptions are outlined in the Appendix.
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Figure 3
Inner Code - No SHO – 3 kph – G = -3 dB
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Figure 4
Inner Code - No SHO – 30 kph – G = -3 dB
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Figure 5
Inner Code - No SHO – 120 kph – G = -3 dB

Table 1 compares the required Tx Ec/Ior with and without the outer code, assuming no SHO and G = -3 dB.

	TTI
	Ec/Ior  (without outer code)
	Ec/Ior  (with outer code)

	
	3 kph
	30 kph
	120 kph
	3 kph
	30 kph
	120 kph

	20 ms
	-5.0 dB
	-8.0 dB
	-10.0 dB
	-7.5 dB
	-8.9 dB
	-9.7 dB


Table 1
Performance with and without outer code

It is seen that the maximum required Ec/Ior reduces from –5 dB to –7.5 dB in the absence of SHO. 

If we allow for SHO, as suggested in [1], the required Ec/Ior would reduce drastically further. 

Figure 6 shows that for 3 kph, we need less than 5% of the Node-B available power for 9.5% BLER. The SHO imbalance was 0 dB in this instance. Recall that 3 kph is the most stringent channel condition.
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Figure 6
Inner Code - SHO – 3 kph – G = -3 dB

4 Comments and Conclusions

The required Tx power is a serious consideration for any meaningful deployment of MBMS. 

It is seen that the use of an outer code for MBMS channel reduces the required Tx Ec/Ior by 2.5 dB for the most stringent channel condition (3 kph). This is in the absence of SHO.  The tradeoff is minimal UE complexity increase (no changes in H/W) with an increase in buffer size by 3.3 KB per outer code.

If SHO were allowed, the MBMS channel needs less than 5% of the available Node-B power. 

Appendix

The simulation assumptions are outlined below.

	Parameter
	Value

	S-CCPCH Slot format
	10

	Transport Block Size
	1752 plus 16-bit CRC

	TTI
	20 ms

	SF
	32

	CPICH Ec/Ior
	-10 dB

	P-SCH Ec/Ior
	-15 dB

	S-SCH Ec/Ior
	-15 dB

	Tx Ec/Ior 
	Varied

	OCNS
	Used to sum total Tx Ec/Ior to 1

	Geometry
	-3 dB

	Channel estimation
	Enabled

	Power Control
	Disabled

	Channel – 3 kph
	Case 2 (25.101)

	Channel – 30 kph
	Vehicular-A (25.890-RAN4)

	Channel – 120 kph
	Case 3 (25.101)
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