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1. Introduction
In this document some simulation results are presented, showing the performance of an MBMS ptM bearer where retransmissions of RLC blocks are triggered by feedback information conveyed on a CFCH (Common Feedback Channel), as defined in [1]. As in the past, no persistent transmission has been considered: a given RLC block can be transmitted only a (configurable) limited number of times.
With respect to the initial results presented during GERAN#17 in [2], the assumption of ideal NACK detection on the feedback channel has been removed. As regards the NACK detection probability on the CFCH, results presented in [3] are considered in the following. Furthermore other MCSs (besides MCS1) have been investigated. In the following performance figures are given only for MCS3 (probably the best solution among “GMSK” MCSs) and MCS6 (the best 8PSK MCS, also considering the limited signaling capability on the CFCH
).
2. Simulated scenarios
A first set of simulation results is presented to show the behaviour for different C/I ratios and different number of MSs receiving the MBMS transmission.
Then the overall performance, in what is considered as a possible realistic scenario, is shown.

In all the simulations the assumed timeslot configuration is 4 DL + 1 UL (to allocate the CFCH). 
Performance is evaluated in terms of:

1. Achievable Throughput (per timeslot)
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 the number of RLC blocks needed to carry the SDU  (i.e. N = SDU size / RLC block payload).
2.1. Scenario 1
In the first scenario, the CFCH-based retransmission strategy is tested against some “reference” C/I conditions (from 10 to 12 dB, to take into account a 2 dB implementation margin). For any C/I condition, a different number of MSs has been considered (once the C/I ratio is fixed, it is the same for all the mobile stations), since it is expected that performance depends on both the number of users and their radio channel quality.
Results (in terms of throughput per timeslot) are presented in Figure 1. The corresponding SDU error rate probability is reported in Figure 2.
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Figure 1.
[image: image3.emf]10 10.2 10.4 10.6 10.8 11 11.2 11.4 11.6 11.8 12

10

-4

10

-3

10

-2

C/I [dB]

SDU error rate

MCS6

MCS3


Figure 2.
The first thing that can be noticed is that MCS6 outperforms MCS3 even at quite low C/I values, both in terms of throughput and SDU error rate.
In general, the benefit of this proposal can be evaluated when comparing results with the pure p-t-M solution (investigated for instance in [4]). As an example, not relying on feedback, with MCS6 a fixed throughput of 14.8 kbps (assuming 2 repetitions) can be achieved, with a corresponding SDU error rate of 10-2 @ C/I of 13 dB (or 10-3 @ 14 dB).

Then the peculiar behaviour of the proposed solution can be highlighted: the achieved throughput (which is fixed in any pure p-t-M solution) here depends on the number of users and the radio conditions, converging (in the considered scenario) to a minimum value of 10kbps in the very bad case of 10 users, all experiencing a C/I of 10 dB; but quickly increasing as soon as radio link quality slightly improves, and/or the number of users decreases.
This indicates that the needed bandwidth - to carry a given service – tends to scale with the number of users, so that radio resource optimization – as expected – can be achieved.
2.2. Scenario 2
In this case, the assumption is that the MBMS bearer is allocated onto the BCCH carrier with a reuse 12
. 20 mobiles per cell are assumed, randomly distributed in the cell.
Since throughput not only depends on the number of users but on their radio quality conditions as well, several simulations have been performed, each time changing the random distributions on MS’s within the cell (i.e. their C/I conditions).
The maximum achievable throughput then differs across different cells. Results are reported in Table 1 below, where MCS6 is considered and the throughput refers to a 4 DL timeslots configuration. 
	Minimum
	Average
	Maximum

	42 kbps
	62 kbps
	( 100 kbps


Table 1.

The corresponding SDU error rate distribution is outlined in Figure 3, where a comparison with pure p-t-M (MCS6, 2 repetitions, fixed 14.8 kbps per timeslot) is also possible.
With the CFCH-based retransmission strategy 93% of the users experience and SDU error rate lower than 10-3 (97% lower than 10-2). With the pure p-t-M solution the percentage of users with an SDU error rate lower than 10-2 is only 89% (i.e. more users will not be able to receive the service and will need to go to the “p-t-p repair” session).
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Figure 3. SDU error rate cumulative distribution 

Assuming 42 kbps as the reference value
, this means that in “bad cells” all the 4 DL timeslots would be needed, while on average (in cells where 62/4 = 15.5 kbps per timeslot can be achieved) a “3 DL timeslots equivalent” bandwidth would be enough, and in some cases even 2 or less.
Again, this proves that radio resource optimization (depending on number of users and radio quality conditions) can be achieved with this approach.
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Figure 4.

Finally, figure 4 shows the relative frequency of the number of simultaneous nacks on the CFCH in this scenario. It can be noticed that in a realistic scenario, even using MCS6, the number of feedback messages on the CFCH is somewhat reduced. 48% of the times nothing is transmitted(!), 33% of the times just 1 access bursts is sent, while more than 2 simultaneous nacks are sent only 6% of the times. 
Although actual interference evaluations have not been provided yet, the issue about possible interference towards other cells is not considered dramatic anymore. This is especially true if a special sequence will be used to send nacks on the CFCH (so that they cannot be interpreted as spurious RACH accesses). 
3. Conclusions
Some simulation results have been presented, showing the behaviour of a CFCH-based retransmission strategy. Such results give some good indications about the benefits, feasibility and flexibility of the proposed solution, which is felt as the only realistic approach to provide a radio resource efficient MBMS delivery in GERAN.
4. References

[1]
GP-040301, “Common Feedback Channel for MBMS delivery”, Siemens
[2]

GP-032605, “p-t-M with feedback for MBMS delivery: preliminary simulation results”, Siemens
[3] 
GP-040165, “P-t-m with feedback for MBMS: Burst design for the Common Feedback Channel”, Siemens

[4]
GP-040164, “Forward Error Correction in the GERAN for MBMS”, Siemens




































� In the basic proposal presented so far, at most 4 feedback messages (i.e. access bursts) to carry information regarding 4 different RLC blocks can be sent at a given time on the CFCH. This means that, if 4 DL timeslots are used, only one RLC block per radio block is allowed.


� Note that C/I ratios lower than 10 dB (reference value in this and other papers) are for sure possible in this scenario.


� But this value may increase if higher SDU error rates can be accepted!
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