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p-t-M with feedbacks for MBMS delivery:
preliminary simulation results
1. Introduction
In this document some preliminary simulation results are presented, showing the behaviour of the “p-t-M with feedbacks” strategy outlined in [1], focusing in particular on the “p-t-M with nacks” version.

Due to the limitations of the present analysis (especially the fact that Incremental Redundancy is NOT considered) the goal is not to provide absolute values, but just to give an initial idea of the benefits of the proposed solution.
2. Simulated scenarios
4 different strategies are compared:

· basic p-t-M solution with no feedbacks (a radio block is transmitted only once)
· p-t-M with nacks, maximum 1 retransmission allowed for any BSN

· p-t-M with nacks, maximum 2 retransmissions allowed for any BSN

· p-t-M with nacks, with information on number of users sending nacks. A very simple rule is adopted: maximum 1 retransmission allowed if number of users sending nack is lower than a given threshold (set to 1 in the following), otherwise more retransmissions are allowed (this is later on indicated as approach 2)
In following scenarios a TU3idFH channel is always considered. The timeslot allocation is 4 DL + 1 UL timeslots. MCS1 is always used and, as already mentioned, IR is NOT considered. 
Performance is evaluated in terms of:

1. Throughput of the p-t-M bearer

2. Distribution probability of SDU error rate 

To evaluate the achievable SDU error rate, SDU’s of 500 bytes are considered.

For every connection the block erasure rate is calculated, then the probability to lose an SDU is derived in the following way:
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where N is 23 (500/22, 22 bytes being the payload of MCS1) 
2.1. Scenario 1
In the first scenario, 16 users at cell border (C/I = 7 dB) are considered.
The obtained throughput is: 

· p-t-M w/o nacks: 

35.2 kbps (8.8 kbps per TS)

· p-t-M, 1 retx max: 

20.4 kbps (5.1 kbps per TS)

· p-t-M, 2 retx max: 

15.6 kbps (3.9 kbps per TS)

· p-t-M, approach 2 :
19.4 kbps (4.8 kbps per TS)
While the SDU error rate distribution is reported in Figure 1:
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Figure 1. SDU error rate cumulative distribution 

This scenario shows that the introduction of some limited retransmissions - based on feedbacks! – can greatly improve the performance in terms of achievable SDU error rate (with throughput decreasing accordingly). 
The importance of knowing the number of users sending a given nack can also be inferred by this example. Adding only a few more retransmissions based on this information (the throughput of approach 2 is very close to the “1 retx max” solution) a much better result in terms of SDU error rate can be achieved (i.e. the green curve is quite shifted to the left compared to the red curve).
2.2. Scenario 2

In this scenario just 2 users (at cell border, C/I = 7 dB) are considered.
The achieved throughput is: 

· p-t-M w/o nacks: 

35.2 kbps (8.8 kbps per TS)

· p-t-M, 1 retx max: 

29.6 kbps (7.4 kbps per TS)

· p-t-M, 2 retx max: 

29.2 kbps (7.3 kbps per TS)

· p-t-M, approach 2 :
29.6 kbps (7.4 kbps per TS)
And the SDU error rate distribution is reported in the next figure:
[image: image3.emf]10

-2

10

-1

10

0

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

SDU error rate

CdF

no retx

1 retx max

2 retx max

approach 2


Figure 2. SDU error rate cumulative distribution 
In can be noticed that the SDU error rate distribution (for retransmission strategies 1-3) remains the same as before, but the needed retransmissions are much less and therefore the throughput is much higher (for all the strategies). This suggests that the needed bandwidth - to carry a given service – tends to scale with the number of users.
2.3. Scenario 3

In the last scenario, 100 receivers are considered, randomly distributed in the cell, each one characterized by a C/I according to the following distribution.
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Figure 3. C/I distribution in the cell
In this case the calculated throughput is: 
· p-t-M w/o nacks: 

35.2 kbps (8.8 kbps per TS)

· p-t-M, 1 retx max: 

22 kbps    (5.5 kbps per TS)

· p-t-M, 2 retx max: 

15.2 kbps (3.8 kbps per TS)

· p-t-M, approach 2 :
21.6 kbps (5.4 kbps per TS)
And  the SDU error rate distribution:
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Figure 4. SDU error rate cumulative distribution 
Again, the benefit of the exploiting the feedbacks in quite evident. Even in this case (as in scenario 1), with the approach 2 a better SDU error rate distribution can be achieved, with nearly no loss of throughput (compared to the “1 retx max” retransmission strategy).
3. Conclusions
Some simulation results have been presented, showing the behaviour of the “p-t-M with nacks” approach. Such preliminary results give some indications about the flexibility of the proposed solution.
Anyway, more simulation results are needed, considering for instance:
· Incremental Redundancy at the receiver

· more complex retransmission strategies (e.g. number of retx based on SDU delay)

· SDU error rate calculation upon actual segmentation/reassembly
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