TSG System Aspects WG4#34
S4-050040
Lisbon, Portugal, 21-25 February 2005


Source:
Digital Fountain

Title:
MBMS P2M performance with application level FEC
Document for:
Discussion and decision

Agenda Item:
PSM MBMS 6.5.4.1
The attached contribution, R4-050127, was presented to RAN4 #34 for discussion. The contribution concludes that the optimum operating point for MBMS services may be at power levels much lower than previously considered. Thus the application layer FEC code must be capable of operating efficiently at high loss levels.
3GPP TSG RAN WG4 # 34 meeting
R4-050127
Pheonix, Arizona, 14-18 February 2005


Source:
Digital Fountain, Vodafone Group

Title:
MBMS P2M performance with application level FEC
Document for:
Discussion and decision

Agenda Item:
6.5

1. Introduction

This paper considers how the radio resources consumed by an MBMS session may be optimised, considering the entire system notably including the application level FEC, rather than just specific elements. We demonstrate that MBMS services could be operated at considerable lower power than previously discussed, thereby allowing an improved system efficiency for the delivery of the MBMS P2M.

We consider the total transmission resources used to distribute a file as being the product of the transmit power and the duration of the transmission. Transmit power is expressed as a fraction Ec/Ior and time is measured in seconds giving a total resource measured in seconds. For example 5 seconds represents the amount of resources consumed if 100% of the available cell power is used for 5 seconds, or equivalently if 50% of the available cell power is used for 10 seconds.

In order to dimension the MBMS P2M service there is a trade-off to find between the amount of power consumed on the radio and the amount of FEC coding used at application level. The trade-off can be described as follows:

· The lower the BLER target on the radio, the less FEC coding is required at application level, hence the lower is the transmission time.

· The higher the BLER, the more FEC coding is required at application level, hence the longer is the transmission time.

There is an optimal operating point for the radio which allows the system to minimize the overall MBMS resource consumption.

In order to determine the Block Error Rate experienced by users for a given MBMS P2M bit rate when a given transmit power is used, we use the figures from [1] for the single radio link case and [3] for the macrodiversity combining case.

2.
Simulation approach and results

We considered a 2MBytes
 file (size without application layer coding) download over a 256kbit/s channel using IP packets with 512 byte payloads. The relationship between transmit power and Block Error Rate, using the figures from [1] and[3], is shown in Figures 1 and 2 below.

In order to determine the time required for the file download at each BLER, simulations were performed with a population of 10,000 users. For each user, the time required to receive 2MBytes of correct IP packets was measured. We then assumed an ‘Ideal’ Forward Error Correction Code at the application layer so that as soon as a user has received 2MBytes of intact IP packet payloads the user can reconstruct the file.
The worst 50 results were discarded, resulting in the time required to reach 99.5% of users experiencing the tested error condition. We assume that the operator would configure this as the session duration i.e. the amount of application layer FEC coding would be set so as to fill this session duration.
The total resource used is then calculated by multiplying the power allocated to the stream (as a percentage of cell power assuming the MBMS P2M transmission was constant in terms of bit rate and associated power requirement during the session) by the duration of the session in seconds.

The resulting total resource figures are plotted in Figures 3 and 4 below. Figure 3 shows the total resource used against the Block Error Rate, whereas Figure 4 shows the same results with total resource used plotted against power allocated to the session.
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Figure 1: 256kbit/s Power vs BLER. Re-plot of results from [1] for single radio link
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Figure 2: 256kbit/s Power vs BLER. Re-plot of results from [3] for 2 Radio Links
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Figure 3: Total resources vs Power for 2Mb file download at 256kbit/s
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Figure 4: Total resources vs BLER for 2Mb file download at 256kbit/s

3.
Discussion

It can be seen from the above results that there is a clear minimum point on each of these graphs at which the total transmission resource used is minimised. This means that the radio resource usage can be minimized by taking advantage of the application FEC. 

The minimum of all the cases is for the 256kbit/s 80ms TTI with soft combining when about 19% of the cell power is used for the stream. At this power, the BLER is about 13%. This compares with about 30% of cell power which would be required to deliver the data at 1% BLER.

Of course, although the power compared to the 1% BLER target is reduced dramatically, this results in a need for additional FEC overhead. Including this additional overhead  makes the transmission time longer (since the bit-rate is constant).  However, the increase in transmission time is much less than the reduction in power, so the total resource usage (as plotted in the results above) is reduced. 

Two further points are interesting about these results:

· The curves in Figure 3 are relatively flat as BLER increases past the optimum point. This means that lower power even that that at the optimum point could be used without moving the total resource used far from the optimum value. This could be of particular value when the power budget which an operator is prepared to allocate to an MBMS stream is limited.

For example, for the 256kbit/s 80ms TTI, Case 2 figures, if the power is reduced to around 15.5% of cell power, the total resource used is about 16% greater than the optimum, but still significantly less than at the 1% BLER point. A this very low power operating point, the BLER is about 23%. 

· The curves in Figure 3 are very steep at the low BLER range. This means that considerable savings are made if the target BLER is moved up from 1% only slightly, with small impact to the transmission time.

The total resource usage, BLER and transmission time at the three power levels discussed above are shown in the table below, where the 1% BLER case is used as a baseline for comparison.

	S-CCCPCH Ec/Ior
	BLER
	Transmission time
	Total resource usage
	Comparison with 1% BLER case

	
	
	
	
	Power reduction
	Time increase
	Resource saving

	-5.17dB (30.3%)
	1%
	73s
	22.2s
	-
	-
	-

	-7.24 dB (18.9%)
	13%
	94s
	17.8s
	2.07dB (38%)
	28%
	20%

	-8.06 dB (15.6%)
	23%
	119s
	18.6s
	2.89 dB (49%)
	63%
	16%


Table 1: BLER, time and resources at different power levels (256kbit/s, Case 2, 80ms TTI, G=-3dB, Soft combining 2 radio links).

The third result in Table 1 is in fact quite startling – the power is reduced by almost one half but the duration increases by only two-thirds, rather than doubling as one might expect.

Various other similar experiments showed similar results as those above. In particular:

· Using a 64kbit/s channel (although we did not have soft combining figures for this case)

· Using specific Forward Error Correction codes – Raptor and Reed-Solomon – in place of the “Ideal” code. In these cases the exact BLER/Power values at the optimum point and the optimum resource usage vary between the codes, but the overall trends remain the same.

· Using IP Header Compression and 160 byte IP packet payload. This reduces the even further the power requirement at the optimum point – the optimum for 256kbit/s 80ms TTI with soft combining is at about 16% of cell power, where the BLER is 22%. Note that at this BLER rate, the optimum packet size is actually less than 160 bytes, so there is scope for further savings in this case.

4.
Proposal

It is clear from the above analysis that considerable resource savings are possible by relying on the application layer FEC and using in the UTRAN a relatively high BLER (higher than the 1% target often considered as a reference).

It is therefore important that the Application layer FEC code chosen by SA4 should be capable of operating efficiently at the BLER levels identified above. It is proposed to send a liaison to SA4 to this effect, to ensure that this point is taken into account in the evaluation criteria for the Application Layer FEC code
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� This is the size of the file before IP packetisation or Forward Error Correction
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