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1. Introduction

In [1] a few aspects of the unacknowledged MBMS Radio Bearers for point to multipoint (PtM) connections were investigated. This contribution updates the relation there is between the RLC SDU error ratio, the radio block error ratio and the segmentation in order to assess realistic requirements on SDU size and BLER.

2. BLER and Segmentation

At RLC layer, when SDUs are segmented into PDUs (radio blocks), the SDU BLER increases as a function of the PDU BLER. Generally, assuming no correlation at radio block level (iFH), if one SDU is segmented into n radio blocks, the SDU BLER can be obtained theoretically by:

BLERSDU  = 1 - (1 - BLERPDU) n
Table 1 lists a few cases. Obviously the larger the SDU is, the more the segmentation and the stronger the BLER requirement is at radio block level. For instance if an SDU is segmented into 20 radio blocks and the BLER for each radio block is 1%, the SDU BLER is 18.21%.

Table 1 - BLER and Segmentation
	Segmentation
	BLER RLC PDU
	BLER RLC SDU

	1
	0.1%
	0.10%

	1
	1.0%
	1.00%

	1
	10.0%
	10.00%

	2
	0.1%
	0.20%

	2
	1.0%
	1.99%

	2
	10.0%
	19.00%

	5
	0.1%
	0.50%

	5
	1.0%
	4.90%

	5
	10.0%
	40.95%

	10
	0.1%
	1.00%

	10
	1.0%
	9.56%

	10
	10.0%
	65.13%

	20
	0.1%
	1.98%

	20
	1.0%
	18.21%

	20
	10.0%
	87.84%

	50
	0.1%
	4.88%

	50
	1.0%
	39.50%

	50
	10.0%
	99.48%


Conversely the PDU BLER can also be given as a function of the SDU BLER (still assuming no correlation between the radio blocks):
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With this formula, Figure 1 depicts the relation there is between the SDU BLER, the PDU BLER and the segmentation (number of PDUs). Four different SDU BLER are shown: 0.001%, 0.1%, 1%, and 10%. Here again we can see that for the same SDU BLER, the larger the SDU, the more the segmentation, the more the PDUs, and the tighter the PDU BLER requirement is. For unacknowledged services, the typical average PDU BLER can hardly go below 0.1%. In practise this means that the SDU BLER cannot go below 0.1% and that a realistic requirement for the SDU BLER is between 1% and 10%.
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Figure 1 - BLER and Segmentation
3. USE CASE for Video

Video “streaming” being a typical MBMS service, it is interesting to see what are its requirements. In specifications, two different requirements for the SDU BLER and maximum SDU size can be found depending on whether video is considered as a streaming or conversational service: 

· For video conversational, the maximum SDU BLER is 0.1% and the maximum SDU size 500 bytes [2].

· For video streaming, the maximum SDU BLER is 0.01% and the maximum SDU size 1400 bytes [3].

With the formulas of section 2 we can translate the SDU BLER requirement in PDU BLER requirement as a function of the segmentation, i.e. the coding scheme. Requirements for video conversational are listed in Table 2 and requirements for video streaming in Table 3. In all cases, the PDU BLER requirement is well below 0.1%. With the EGPRS performance figures of Annex A, we can see that the required C/I is well above 15dB in TU3iFH and well above 24dB in TU3nFH using MCS1. 

This shows that for PtM MBMS radio bearers, i.e. unacknowledged radio bearers, the existing requirements for video are not appropriate and should be relaxed.

Table 2 - PDU BLER requirement for Video Conversational
(SDU error ratio = 0.1% / maximum SDU size = 500 bytes)
	MCS
	Segments
	PDU BLER

	1
	22.73
	0.0044%

	2
	17.86
	0.0056%

	3
	13.51
	0.0074%

	4
	11.36
	0.0088%

	5
	8.93
	0.0112%

	6
	6.76
	0.0148%

	7
	8.93
	0.0112%

	8
	7.35
	0.0136%

	9
	6.76
	0.0148%


Table 3 - PDU BLER requirement for Video Streaming
(SDU error ratio = 0.01% / maximum SDU size = 1400 bytes)
	MCS
	Segments
	PDU BLER

	1
	63.64
	0.0002%

	2
	50.00
	0.0002%

	3
	37.84
	0.0003%

	4
	31.82
	0.0003%

	5
	25.00
	0.0004%

	6
	18.92
	0.0005%

	7
	25.00
	0.0004%

	8
	20.59
	0.0005%

	9
	18.92
	0.0005%


4. Realistic requirements

In this section we are going to assess what are realistic requirements in terms of maximum SDU size and SDU BLER for unacknowledged PtM MBMS radio bearers. 

4.1 SDU BLER

In unacknowledged mode, one way to measure the effectiveness of the SDU BLER is the average SDU throughput. It can be calculated as follows:
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Note that the average SDU throughput does not depend on the SDU size but on the MCS payload. Using this formula, Figure 2 shows the SDU throughput as a function of the SDU BLER requirement, for different MCSs. For all MCSs, the SDU throughput does not change significantly with SDU BLER requirements below 1%. In other words, SDU BLER requirements below 1% do not increase the average throughput in unacknowledged mode. Therefore, a realistic requirement for the SDU BLER is probably somewhere between 1% and 10%, as pointed earlier in section 2.
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Figure 2 - Throughput and SDU BLER Requirement
4.2 SDU Size

For unacknowledged PtM MBMS radio bearers, only the strongest coding schemes are likely to be used: MCS1, MCS2 and MCS5. In Annex B, curves showing the PDU BLER requirements as a function of the SDU BLER can be found for these 3 coding schemes and for SDU sizes ranging from 100 to 1400 bytes (using formulas of section 2). The conclusions that can be drawn are:

· With a fixed SDU BLER of 1% and PDU BLER between 1% and 0.1%, only 100 and 200 bytes SDU can be carried over MCS1 and MCS2, while MCS5 allows SDUs up to 500 bytes.

· With a maximum SDU BLER of 10% and a minimum PDU BLER of 0.1%, all SDU sizes can be carried over MCS1, MCS2 and MCS5.

· With a fixed PDU BLER of 1%, the SDU BLER cannot be 1%.

· With a fixed PDU BLER of 1%, the largest SDU that can be carried over MCS1 is 200 bytes with a BLER of 9%.

· With a fixed PDU BLER of 1%, the largest SDU that can be carried over MCS2 is 300 bytes with a BLER of 10%.

· With a fixed PDU BLER of 1%, the largest SDU that can be carried over MCS5 is 500 bytes with a BLER of 9%.

· With a fixed PDU BLER of 0.1%, the largest SDU that can be carried over MCS1 is 1400 bytes with a BLER of 6%.

· With a fixed PDU BLER of 0.1%, the largest SDU that can be carried over MCS2 is 1400 bytes with a BLER of 5%.

· With a fixed PDU BLER of 0.1%, the largest SDU that can be carried over MCS5 is 1400 bytes with a BLER of 2 or 3%.

· SDUs of 1400 bytes always require a PDU BLER well below 1% and can never reach a SDU BLER of 1% when setting the minimum PDU BLER to 0.1%.

In brief if the maximum SDU BLER is 10%, a maximum SDU size of 1400 bytes is possible. However if the maximum SDU BLER is 1%, a maximum SDU size of 500 bytes should be considered.

5. Conclusion

This contribution has analysed several aspects of the unacknowledged PtM MBMS radio bearers. It was shown that since the segmentation makes the PDU BLER requirement stronger and since the SDU throughput does not increase significantly with SDU BLER below 1%, a realistic requirement for the SDU BLER should be set between 1% and 10%. Concerning the maximum SDU size, it was shown that if the maximum SDU BLER is 10%, a maximum SDU size of 1400 bytes is possible. However if the maximum SDU BLER is 1%, a maximum SDU size of 500 bytes should be considered instead. In both cases, existing requirements for video streaming and video conversational should be relaxed for PtM MBMS services.

References

[1] TDoc GMBMS-030002, Performance of MBMS Radio Bearers, Nokia

[2] 3GPP TS 26.236, Packet-switched conversational multimedia applications;
Transport Protocols
[3] 3GPP TR 26.937, Transparent end-to-end packet switched streaming service (PSS);
RTP usage model
Annex A - EGPRS Performance
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Annex B - PDU and SDU BLER
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[image: image8.wmf]PDU & SDU BLER for MCS2 (11.2 kbit/s)

0.01%

0.10%

1.00%

10.00%

0.1%

1.0%

10.0%

SDU BLER

PDU BLER

1400 bytes SDU

900 bytes SDU

800 bytes SDU

700 bytes SDU

600 bytes SDU

500 bytes SDU

400 bytes SDU

300 bytes SDU

200 bytes SDU

100 bytes SDU


[image: image9.wmf]PDU & SDU BLER for MCS5 (22.4 kbit/s)
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