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Bit rate and retransmission aspects for p-t-m MBMS in GERAN

1 Introduction

This contribution investigates what bit rates are possible to support for point-to-multipoint (broadcast or multicast) transmission of an MBMS service in GERAN. The focus is on the “worst case” scenario, i.e. the same coverage as GSM FR speech.

This contribution is a re-submission of a contribution to the GERAN MBMS workshop [4].

2 MBMS service scenario

One typical MBMS service could be video clip distribution to a large group of users. In this papers we therefore look at a service with similar properties as a streaming service. 

The difference between real-time streaming and MBMS however is that in the MBMS video clip scenario it may not be nessessary to transmit the content in real-time to the users. Therefore the bit rate of the radio channel may be lower than the actual play out rate of the video clip.

A video codec typically varies the frame size [3], however to make the calculations simple a value of 500 bytes per IP packet is assumed in this document.

When using unacknowledged mode RLC it is hard to achieve very low error ratio at IP level. The streaming TR [3] only states a SDU error ratio of 10-4 (0.01%). This value is considered to be unrealistic to fulfil with unacknowledged RLC, so in this paper a target IP error ratio of 1% is assumed. It is FFS whether this has a substantial impact on service quality.

So to conclude, the following service scenario is assumed:

· IP packet size: 500 bytes

· IP error ratio: 1%

3 Radio link performance

To achieve 1% error ratio on the IP level, some form of redundancy is needed. The redundancy can be achieved by retransmissions or forward error correction (channel coding), or a combination of both. Since a p-t-m channel can not retransmit only the errornous packets, blind retransmissions are needed.

The retransmissions can either take place at application layer, or at the RLC layer. Both options are considered in this paper.

To have full coverage in the cell for the p-t-m MBMS channel the target radio quality should be the same as for full-rate speech, i.e. the reference sensitivity level. This level is typically assumed to be Eb/N0=7.5 dB, or –102 dBm (for MS).

3.1 Effect of RLC errors on IP level

Since the IP packets are relatively large compared to a RLC block, and due to the fact that p-t-m can not perform any selective retransmissions the RLC error ratio must be low compared to the target error ratio on IP level.

Assuming independent errors the following formula can be used to calculate error ratio on IP level given the RLC error ratio and number of RLC blocks per IP packet [1].


    Pe,IP = 1 - (1 - Pe,RLC )N

(1)


Pe,IP:        probability that the IP packet is erroneous.

Pe,RLC:    probability that the RLC block is erroneous.

N:             number of RLC blocks for transmitting one IP packet.

When MCS-1 is used to transport IP packets of 500 bytes, the IP packet has to be segmented into 23 RLC blocks. Setting N in the formula above to 23, the following figure is achieved:
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Figure 1: IP BLER as a function of RLC BLER for different MCS.

As can be seen in Figure 1 a 1% error rate on application level requires the MCS-1 RLC error rate to be approximately 0.05%. Alternatively 10% BLER on application can be used assuming that the application has a x2 retransmission, which will lower the 10% to 1% on application level. The required RLC error ratio is then 0.45%.

For higher MCS the number of RLC blocks per IP packet decreases, thus the RLC error ratio can be increased.

3.2 Comparison of retransmission strategies

Retransmissions can either be performed on application level or by the RLC layer. These two options are compared in this section. In addition, the effect of incremental redundancy (IR) is studied. For the case of application layer redundancy, a simple x2 repitition scheme is assumed here. It is most likely to do a more intelligent coding on the application layer, but this is a first approach to get a rough view on possible bit rates.

EGPRS, MCS-1 and MCS-5 have been assumed as a radio bearer since these coding schemes are already available in the standard. MCS-1 is studied at a Eb/N0 of 7.5 dB which typically corresponds to the coverage limit of GSM full rate speech.

For MCS-5 (8-PSK) other higher signal levels are studied to get an indication on how much the bit rate increases further into the cell. It is however very hard to say what a typical signal level is for smaller cells in urban areas. Typically such cells are rather interference than sensitivity limited.

Table 1 contains the number of blind retransmissions that have to be performed by the RLC layer to get sufficient low error rate to the application. In the “no application retransmission” case 1% SDU error rate is the target. For “x2 application retransmission” the target is 10%. Figure 1 gives the required BLER per RLC block to achieve these targets, and the figures in Annex A give the required number of retransmissions for the RLC target BLER.

	
	
	No app retrans (x1) 
	App retrans (x2)

	
	Eb/N0
	With IR
	No IR
	With IR
	No IR

	MCS-1
	7.5 (-102 dBm)
	2
	4
	2
	3

	MCS-5
	5.0 (-100 dBm)
	4
	N/A
	4
	10

	MCS-5
	7.5 (-97 dBm)
	3
	6
	3
	4

	MCS-5
	10.0 (-94 dBm)
	2
	4
	2
	2

	MCS-5
	12.5 (-92 dBm)
	2
	2
	2
	2


Table 1: Number of RLC transmissions required to achieve 1% application BLER.

	
	Eb/N0
	p-t-m With IR (x1)
	p-t-m No IR (x1)
	p-t-m With IR (x2)
	p-t-m No IR (x2)

	MCS-1
	7.5
	4.4
	2.2
	2.2
	1.5

	MCS-5
	5.0
	5.6
	N/A
	2.8
	1.12

	MCS-5
	7.5
	7.5
	3.7
	3.7
	2.8

	MCS-5
	10.0
	11.2
	5.6
	5.6
	5.6

	MCS-5
	12.5
	11.2
	11.2
	5.6
	5.6


Table 2: Application bitrate per timeslot.

As can be seen in Table 2 the bitrate delivered to the application per timeslot at the cell border is approximately 4.5 kbps using IR. Withouth IR or with application repetition the bit rate decreases. For better radio conditions the bit rate increases to >10 kbps per timeslot.

4 Open issues

This section lists possible further investigation areas, and some issues that may affect the results in this contribution.

· Effect of blind detection of modulation has not been considered.

· Effect of stealing bit detection has not been considered

· Effect of RLC/MAC header errors has not been considered for IR

· Can a more intelligent application layer FEC improve the results?

· What is the threshold between p-t-p and p-t-m channels?

5 Conclusion

To provide point-to-multipoint transmission of MBMS content using unacknowledged mode RLC a combination of FEC and blind retransmission (repetition) is needed. This contribution has shown that it is more effective to perform the blind retransmission at RLC layer compared to the application layer. 

In addition the usage of incremental redundancy appoximately doubles the application bitrate for unacknowledged RLC.

The bitrate at cell border for a p-t-m channel is approximately 4.5 kbps, which with 7 timeslots would give 31.5 kbps. An MBMS service targeting the same coverage as GSM speech should therefore not exceed this bitrate. However, if transmission time could be longer than the video clip length, a higher play out rate is possible (e.g. a 64 kbps clip of 30 sec could be transferred in 60 seconds to the MBMS group).

Improving the link budget some 10 dB compared to the cell border gives a bit rate per timeslot of approximately 10 kbps. So if replanning is possible in areas where p-t-m MBMS should be supported higher bitrates are possible. 
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Annex A: Simulation results

A.1
MCS-1
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Figure 2: MCS-1 BLER as a function of # transmissions with IR.
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Figure 3: MCS-1 BLER as a function of # transmissions without IR.

A.2
MCS-5
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Figure 4: MCS-5 BLER as a function of # transmissions with IR.
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Figure 5: MCS-5 BLER as a function of # transmissions without IR.
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