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Introduction

Reference [1] describes a proposed enhancement to the multicast retransmission protocol proposed for MBMS (PDAN). That enhancement was referred to as XOR Retransmission Technique. This document provides an assessment of the gain that can be achieved by the XOR Retransmission Technique.
2



Simulation
2.1
Setup
The simulation emulates the multicast of a clip to a variable number of terminals with and without the XOR Technique. The PDAN technique is employed. The following parameters have been employed in the simulations:
· GPRS.
· CS2.

· BLER uniformly distributed across terminals between 0% and 15%.

· Results for different BLER distributions are available in the Appendix.

· Clip size of 5000 blocks.

· One round of retransmissions.

· XOR Signalling via header extension. 

· This means that, when the XOR method is applied by the network, one byte is stolen from every data block (irrespective of whether it is a first transmission or a retransmission). The stolen byte is used to extend the header, as described in section 2.9 of [1].
· This also means that, when the XOR method is applied by the network, the clip is segmented in marginally more than 5000 blocks.

· XORing is permitted among two blocks only.
· XORing of 3, 4, or more blocks is not allowed.

· For simplicity reasons, the XORing algorithm is based on a brute force search and is suboptimal.
· It can be easily demonstrated that a better algorithm would yield better gains. From this point of view, the results presented in this document are therefore a lower bound.

· MSs receive the MBMS data-casting over 6 timeslots.
2.2
Metrics
The following metrics have been employed to assess the gain provided by the XOR Technique.
· Number of blocks that have to be retransmitted. See Figure 1.
· When the XOR Technique is employed, several pairs of blocks can be XOR-ed. This allows a large reduction in the number of retransmitted blocks. 
· Figure 1 also shows that the slope of the green dashed curve (“XOR Technique employed”) is milder than the slope of the blue solid curve (“XOR Technique not employed”). This suggests that the number of retransmitted blocks scale more nicely with the number of terminals when the XOR Technique is employed.
· Total number of blocks that are sent (first transmission + round of retransmissions). See Figure 2.
· When the XOR Technique is employed, the first transmission requires marginally more blocks, because of the extended header. In other words, when the XOR Technique is employed, the same clip is segmented into slightly more than 5000 blocks.

· However, this header extension loss is largely compensated by the XOR gains that are achieved in the retransmission phase.  
· The same comments on the gains showed by Figure 1 apply equally to Figure 2.

· Time/capacity gain. See Table 1.
· By XORing retransmitted blocks, the same round of retransmissions can be performed with a lesser number of radio blocks. 
· This means that, with the XOR Technique, the same clip can be delivered in a shorter amount of time.

· Consequently the operator can deliver more clips in the same time interval. 
2.3
Results - Plots
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Figure 1. Retransmitted blocks with and without the XOR technique.
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Figure 2. Transmitted & retransmitted blocks with and without the XOR technique.

2.4


Results – Summary and discussion
In summary, the XOR Retransmission Technique greatly reduces the number of radio blocks that have to be retransmitted, since RLC/MAC data blocks can be combined among them. 
It is likely that some blocks cannot be XOR-ed with any other blocks. These are “leftovers” that will have to be retransmitted with the normal procedures. Table 1 breaks down the results along these lines. It can be observed that, when the XOR Technique is employed, a portion of the retransmitted blocks is XOR-ed and a portion is not XOR-ed. An effective decision algorithm will minimize this latter portion. The simulation has not implemented an optimal decision algorithm. The results are therefore to be considered, from this point of view, a lower bound
. An even marginally more efficient decision algorithm will yield greater gains.
Table 1 also provides an immediate quantification of the achievable gain. Since the XOR Technique reduces the time required to deliver one round of retransmission, the same clip can now be delivered in a shorter amount of time. As discussed in Section 2.2, we have called this time/capacity gain. 
This gain also gives a measure of how the operator can deliver more clips in the same time interval. Since in this case gains range around 15%, this means that, for example, 8 clips instead of 7 can be sent in the same time interval if the XOR technique is used. 
	Number of terminals
	XOR Technique not employed
	XOR Technique employed

	
	Retransmitted blocks
	Time to perform one tx and one round of retx
	Retransmitted blocks
	Time to perform one tx and one round of retx
	Time/Capacity Gain

	
	Non XOR-ed
	
	XOR-ed
	Non XOR-ed
	
	

	4
	1330
	21.10 s
	579
	238
	19.96 s
	5.38 %

	8
	2264
	24.21 s
	1108
	195
	21.59 s
	10.85  %

	12
	3003
	26.68 s
	1557
	144
	22.91 s
	14.12  %

	16
	3577
	28.59 s
	1915
	114
	24.01 s
	16.03  %

	20
	3918
	29.73 s
	2140
	95
	24.70 s
	16.92  %

	24
	4232
	30.77 s
	2374
	81
	25.43 s
	17.38  %

	28
	4445
	31.48 s
	2546
	68 
	25.95 s
	17.56  %

	32
	4582
	31.94 s
	2672
	58 
	26.34 s
	17.53  %



Table 1. Summary of results.
2.5
Discussion on the parameters
2.5.1
Coding Scheme

Results have been showed for CS-2. This is also considered to be a pessimistic case with respect to the usage of CS-3. In fact, the impact of the header extension would be smaller if CS-3 were used, with a reduction of the corresponding throughput degradation. Consequently, it is expected that marginally better results can be achieved with CS-3.

2.5.2
BLER

The impact of a different BLER distribution has been considered in the Appendix, where ranges of up to [0% - 30%] of BLER have been studied.  With increasing BLER, one can notice a marginal reduction in the achievable gain. However, gains of at least 10% are consistently maintained, and most of the data points still show gains of around 15%.
2.5.3
Number of terminals

Within the considered range of terminals, no degradation due to the increase of the cell load has been observed. To the contrary, for BLER up to 20%, the gain increases with the increase of the terminals, i.e. the XOR Technique outperforms the “normal” procedure in a more evident way. This is due to the fact that the increase in the number of receivers provides some sort of “diversity gain” to the XOR decision process, which has more “opportunities” to find pairs eligible for XORing.
3
Conclusion

This document has presented and discussed simulation results for the XOR Retransmission Technique, which had already been demonstrated to be simple and feasible in [1]. 
This technique yields a capacity gain in the range of 15% for a variety of BLER distributions, and scales very nicely with the loading of the cell. In fact, gains are consistent for various numbers of users. 

Moreover, this contribution has employed a sub-optimal decision algorithm in the simulations. The gains presented here can be further improved by employing a more efficient algorithm.
For these reasons, the XOR Retransmission Technique should be considered for the standardization of MBMS in GERAN.
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Figure 3. BLER = [0% - 10%]
Retransmitted blocks with and without the XOR method.
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Figure 4. BLER = [0% - 10%]
Tx & retx blocks with and without the XOR method.
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Figure 5. BLER = [0% - 20%]
Retransmitted blocks with and without the XOR method.
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Figure 6. BLER = [0% - 20%]
Tx & retx blocks with and without the XOR method.
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Figure 7. BLER = [0% - 30%]
Retransmitted blocks with and without the XOR method.
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Figure 8. BLER = [0% - 30%]
Tx & retx blocks with and without the XOR method.




































































� It can be appreciated that


(XOR-ed blocks)*2 + “leftovers” > (Retransmitted Blocks when the XOR Technique is not employed).


This is due to the sub-optimality of the decision algorithm, which is sometimes XORing blocks that will have to be individually retransmitted anyway. We expect that a real decision algorithm will avoid this, and be in general more efficient, thus yielding greater gains.





