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1 Introduction

This document firstly aims to provide the background of the design of the GERAN MBMS bearers, providing analysis of each of the previously proposed bearers. The last bearer proposed was the point-to-multipoint and CFCH bearer combination, although the initial idea was shown to provide considerable improvements in efficiency, there were concerns raised at the last meeting about the support in legacy equipment, and system stability. 

This document proposes additions to the design of the CFCH, which address the problems introduced by the requirement for legacy equipment support. The document also proposes some other proprietary techniques possible in the BSC to minimise possible system stability concerns. The proposed solution could operate using one of three bearers: the point-to-multipoint, the point-to-multipoint with the CFCH combination, or on a GPRS point-to-point bearer to the BM-SC. 

A basic analysis is then completed of the compromised solution and compared to the previously proposed solutions.

2 Background

The original aim of MBMS in GERAN was to remove the radio inefficiencies and associated congestion problems when transmitting the same content to multiple mobiles in a cell.

2.1 Addition of the point-to-multipoint bearer

2.1.1 Description

The first solution proposed was to introduce a point-to-multipoint bearer to the point-to-point bearer provided by GPRS. It was not envisaged that the new point-to-multipoint bearer would include an uplink feedback channel. Therefore considerable redundancy was required to be added to the point-to-multipoint bearer to guarantee multiple mobiles on a cell correctly received the MBMS payload. The legacy GPRS point-to-point bearers were used when there were low numbers of users on a cell to maintain the efficiency of the solution and these were switched to a single point-to-multipoint bearer when sufficient user numbers were available. The switching point was referred to as the efficiency threshold. It was assumed that this threshold would be around three mobiles and therefore when there were three mobiles in a cell, the mobiles would be allocated a point-to-multipoint bearer.

2.1.2 Analysis

After some analysis had been completed it was found that the combination of the point-to-point and point-to-multipoint bearers was not practical to implement, as it introduced considerable signalling requirements on the SGSN.

2.2 Pure point-to-multipoint bearer solution

2.2.1 Description

It was then proposed not to use the point-to-point bearer but rely purely on the point-to-multipoint bearer. If there were any mobiles in a cell for an MBMS service then an point-to-multipoint MBMS bearer would be allocated. This proposal removed considerable complexity from the design of the MBMS due to: reducing the granularity of the counting procedure, removing the need for reconfiguration between the point-to-point and point-to-multipoint bearers; as well as reducing the complexity of the SGSN implementation.

2.2.2 Analysis

Although the pure point-to-multipoint bearer solution removed complexity and allowed for easier implementation, it was completed at the expense of operating efficiency. In cells where there were a low number of mobiles there would be an overhead associated with using the pure point-to-multipoint solution. Is it believed that most cells in the network will have a low number of users for an MBMS service with a larger grouping affect experienced than that shown by the normal distribution model as shown in Figure 1.

Annex A describes a model for the distribution, over a network, of mobiles interested in an MBMS service. The results of the model are shown in Figure 1. It can be seen that for this example MBMS service that there are a considerable number of cells where an efficiency loss was caused by use of the pure point-to-multipoint solution when compared to the point-to-point and point-to-multipoint solution. The efficiency loss, as highlighted by the shaded area in Figure 1, occurs in the cells where fewer mobiles than the threshold are found (this can be better seen in Figure 3). 
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Figure 1 illustrates the distribution of mobiles across cells

2.3 Point-to-multipoint with the CFCH

2.3.1 Description

Siemens provided a solution to the issues of inefficiency found when only using a point-to-multipoint channel. The solution introduces a common channel for the mobiles to provide feedback for the point-to-multipoint bearer and therefore makes it possible for the network to complete a restricted form of selective retransmissions. The new channel was therefore aptly named the Common Feedback Channel (CFCH).

The CFCH is allocated on an uplink timeslot corresponding to downlink MBMS bearer. The mobile transmits an access burst in the uplink, a fixed interval after receiving incorrectly a block on the point-to-multipoint channel, to request the retransmission of the RLC block. . The CFCH introduces new access burst coding to reduce false NACKs from neighbouring cells as well as reducing the problem with collisions.

If the MS does not correctly receive one radio burst of an RLC block then the whole RLC block has to be retransmitted, but this is similar the retransmissions in RLC Acknowledged mode. 

A retransmission of an RLC block is just as likely to be retransmitted as the original transmission because mobiles do not know when a radio burst is lost whether the burst was part of a RLC block previously correctly received and therefore have to ask for the RLC block to be retransmitted. 

2.3.2 Analysis

This solution is more efficient than the point-to-point bearer for scenarios when there are more than one mobile in the cell. Considerable gains in efficiency of this solution are achieved over the point-to-multipoint bearer as the user numbers increase.

The main issue with this proposal was with the use of a new Access Burst and the requirement of a collision detection mechanism, as these would require changes to legacy TRXs and without it would be hard to detect the NACK collisions.

3 Point-to-multipoint with the restricted CFCH

3.1 Description

The requirement to support the CFCH in legacy equipment introduces restrictions on the design of the P2M + CFCH bearer. As legacy equipment cannot support the proposed new access bursts and is unlikely to support another proprietary collision detection mechanism, the CFCH load has to be limited to maintain a low loss of NACKs and therefore restricting the maximum Block Error Rate.

The restricted CFCH solution proposed reuses the legacy (P)RACH channel on the uplink of one timeslot of the MBMS bearer. The restricted CFCH solution also relies on a “colour coding” for the NACK access bursts to minimize the problems with the neighbour cell interference.

3.2 Realisation of the Restricted CFCH solution

3.2.1 NACK Access Bursts

The Access Bursts specified in GERAN can be used to request a channel on the (P)RACH or to access a cell after handover. The introduction of a new use of the Access Burst for the design of MBMS could cause unfavourable side effects that need to be addressed in the design.

3.2.2 Interactions with Channel Requests

If the NACKs on a neighbouring cell are confused by a BSC and processed as (PACKET) CHANNEL REQUEST messages then the BSC may unnecessarily allocate a SDCCH on that cell.

If the (PACKET) CHANNEL REQUEST messages sent on the RACH channel of a neighbouring cell are mistaken for NACKs then the BSC may unnecessarily retransmit the RLC block on the point-to-multipoint bearer and may force prematurely the BSC to disable the CFCH. 

To avoid this issue it would be possible to standardise the NACK messages using their own code points. Further information can be seen in Annex D. 

3.2.3 Interactions with Handover Access Bursts

The Handover Access Bursts sent on the neighbouring cell could be mistaken as NACKs then the BSC may unnecessarily retransmit the RLC block on the point-to-multipoint bearer and may force prematurely the BSC to disable the CFCH.

The NACKs on a neighbour cell although unlikely could be confused for Handover Access Bursts by the BSC and could cause the Handover procedure to fail. 

Currently the Handover Access Burst is a provided by the BSC in the HANDOVER COMMAND message. To avoid this issue it would be possible to restrict in the BSC the values allowed in the Handover Reference such that it cannot use the same code point specified for the NACK messages. 

3.2.4 Interactions with neighbouring CFCH channels

The BSC could mistake a NACK burst sent on a neighbouring cell for a NACK sent on the subject cell and unnecessarily retransmit a RLC block on the point-to-multipoint bearer and may force prematurely the BSC to disable the CFCH.

To reduce the likelihood of misinterpreting NACKs from neighbouring cells:

· A limited Channel Colour coding could be used based on the 6 bit BSIC value entered in the calculation of the Access Burst.

· A basic power control mechanism could be used for the CFCH. Being based on either:

· The received power at the mobile; or

· A static value indicated in the downlink specific to a cell.

3.2.5 CFCH Control Information

The periodic transmission of CFCH control information is likely to be needed on the MBMS downlink channel. This CFCH control information may consist of:

· Whether the CFCH is enabled or disabled.

· Which Access Burst code/message to use on the CFCH in this cell (or this could be randomised, see Annex D)

· Possibly the BSIC code to use in the uplink, or this could be mandated to use the BSIC of the cell.

· Information controlling the Access Burst power (if not based on mobile calculation). 

3.2.6 Restricted CFCH Operation

The biggest concern with the CFCH is that it is likely that a BSS will not be able to distinguish between the scenarios when no NACK is sent and when there has been a collision or at least 2 NACKs.

The BSC can therefore only use the following information to minimise the Block Error Rate associated with the NACK Collisions:

· Initial count; and

· Loading of the CFCH, (based on the number of correctly received NACKs); and

· Number of late mobiles requesting the MBMS session (including mobiles after cell change).

The restriction of the CFCH channel would be BSC implementation specific, but it is recommended that the CFCH be disabled at a level corresponding to two mobiles in bad radio conditions.

An example of a set of possible operation restrictions are listed below: 

During the initial count, 

· If there are over 2 mobiles on a cell then the CFCH is not enabled. During the session the CFCH may be enabled to ensure that mobiles are still on a cell;

· If there are over 7 mobiles the CFCH is not enabled for the duration of the MBMS session (value of threshold dependent on MBMS Session length).

· If the loading (calculated by running average) of the CFCH rises over 18%
 then the BSC should change down Coding Scheme, if the point-to-multipoint channel is at the lowest coding scheme then the CFCH should be turned off. 

3.3 Immediate Point-to-point Repair

3.3.1 Description

In a number of situations the BSC requires the ability to instruct the mobile to back off and request the MBMS session from the BM-SC using existing GPRS procedures. For example:

· To maintain efficiency in cells where no CFCH is supported, either:

· Due to problems with support legacy equipment; or

· Due to stepwise roll out of MBMS functionality.

· When a cell has insufficient resources to allocate the MBMS bearer.

3.3.2 Control Information

The BSC would need the following information from the BM-SC about each MBMS session:
1) An indication of whether immediate P2P repair is allowed.

2) A back-off time and randomiser before the initiation of the immediate P2P repair mechanism is allowed.

3) Will session be repeated? (This may be linked to whether Immediate P2P repair is allowed).

4) Session data rate

5) Session length (time)

6) Alternate Server IP Address (?)

3.4 Analysis

Although in this model the CFCH has been restricted the overall model has been made more flexible by allowing the use of the immediate point-to-point repair function in areas where it is not possible to allocate a point-to-multipoint bearer due to efficiency loss or resource limitations.

The restrictions proposed to the CFCH on the surface may sound quite severe, but in fact the use of the CFCH is not restricted in the majority of cells. 

The example configuration provided for the analysis of the CFCH used the statistical CFCH load associated with two mobiles on a cell both in bad coverage, as the threshold for the CFCH to be turned off.

In the average urban propagation scenario it can be assumed that approximately 1 in 3 mobiles are in bad radio conditions (see Annex C) and therefore the probability that two mobiles on a cell are both in bad radio conditions occurs in 11% of cases (1/3*1/3). Figure 2 illustrates the proportion of cells where benefit is still gained from the CFCH as the number mobiles on the cell increases. 
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Figure 2 illustrates the proportion of cells that would benefit from the restricted CFCH.

Using an average urban scenario from Figure 2 and the example usage shown in Figure 1 it can be calculated that the CFCH would be used in 94% of the cells using the point-to-multipoint bearer i.e. those that are offering the MBMS service. Completing the same calculation for the average rural scenario with n=2.5 shows that the CFCH is still used in 87% of cases where the point-to-multipoint bearer is allocated.

Figure 3 compares the efficiency of each of the proposed MBMS solutions, the Restricted CFCH solution uses the restrictions proposed in sub-clause 3.2.6. The shaded area in Figure 3 corresponds to the shaded area in Figure 1 and highlights the region where the pure point-to-multipoint bearer is very inefficient. 
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Figure 3 compares the MBMS models

The shaded in Figure 3 represents the minimum area where the restricted CFCH is useful corresponding to the scenario where two mobiles on a cell are both in bad radio conditions. As shown previously this “two bad mobile” scenario only occurs 11% of the time, so the actual area were benefit is seen from the CFCH is considerably larger. 

The efficiency loss can therefore be calculated from Figure 1 and Figure 3, assuming that the point-to-point bearer required 1.5 timeslots, is 11551 timeslots for an MBMS session. This figure drastically increases if: 

· A service has a lower penetration;

· A higher threshold for the disabling the CFCH is used; 

· The full benefit of the CFCH threshold is evaluated (e.g. including principle illustrated in Figure 2).

4 Conclusion

This document has highlighted areas where considerable amount of information is required by the GERAN from the BM-SC and would need to be included in the MBMS SESSION START REQUEST message passed to the BSC at the start of the session. Vodafone requests that this information is discussed and added to the list of open issues.

The reduction in efficiency of the restricted CFCH solution depends on the implementation specific restrictions introduced, but the analysis of the example restricted CFCH solution provided shows that there is considerable benefit to be gained.

Vodafone ask GERAN to select this MBMS architecture, which incorporates a restricted CFCH with the support for the immediate initiation of the point-to-point repair mechanism as we consider it important to maintain system efficiency and have support for MBMS on legacy equipment.

Annex A – Assumptions for the Uniform distribution model
A.1
Assumptions:

	Uniform distribution of subscribers across the network; N subs/cell.

The probability of n users out of the total number of subscribers in the cell, N, being subscribed to a given MBMS service follows a binomial distribution.

p: probability of a user to be subscribed to an MBMS service.



	Total subscribers in network (A):
	10 Million

	Number of cells in network (B):
	15000

	Percentage subscribers (C):
	0.5%

	
	

	Average subscribers/cell (N=A/B):
	666

	Total interested subscribers (A*C):
	50000

	Average interested subscribers/cell (A*C/B):
	3.33


The probability of n out of the N users receiving the MBMS session is:
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Annex B – Information about the MBMS Bearer Comparison

Assumptions

	1)
Resources Required for P2P (Timeslots)
	1.5

	2)
Efficiency of P2M relative to P2P
	3

	3)
Cutover between CFCH and P2M (Mobiles)
	>2

	4)
The errors on the P2M channel are randomly spaced.
	

	5) MS does not know that it has received an RLC/MAC block previously, therefore will send a NACK if the MS receives a radio burst incorrectly.

6) Maximum of 4 transmissions (3 retransmissions)
	


Data

	Number of mobiles
	Resources Required

	
	P2P
	Pure P2M
	P2M + P2P
	P2M + CFCH
	Restricted CFCH

	0
	0.0
	0
	0
	0
	0

	1
	1.00
	3.00
	1.00
	1.00
	1.00

	2
	2.00
	3.00
	2.00
	1.16
	1.16

	3
	3.00
	3.00
	3.00
	1.24
	3.00

	4
	4.00
	3.00
	3.00
	1.33
	3.00

	5
	5.00
	3.00
	3.00
	1.41
	3.00

	6
	6.00
	3.00
	3.00
	1.49
	3.00

	7
	7.00
	3.00
	3.00
	1.57
	3.00

	8
	8.00
	3.00
	3.00
	1.65
	3.00

	9
	9.00
	3.00
	3.00
	1.72
	3.00

	10
	10.00
	3.00
	3.00
	1.79
	3.00

	11
	11.00
	3.00
	3.00
	1.86
	3.00

	12
	12.00
	3.00
	3.00
	1.92
	3.00


Attached is the spreadsheet that calculates the theoretical efficiency of the CFCH:
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Annex C – User coverage calculations

Assumptions:

1) Mobiles are evenly distributed across a cell.

2) Mobiles in the last 3dB coverage of a cell are assumed to be in bad coverage. These MS are assumed to require 10% retransmissions.

3) Mobiles not in the last 3dB coverage of a cell are assumed to be in good coverage. These MS are assumed to require 0% retransmissions.

a)
When a mobile in good radio coverage and transmits a NACK which collides with the NACK from a mobile in bad radio coverage, it is assumed that the NACK transmitted by the mobile in good conditions will be correctly received due to FM capture.

Model:
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then 
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Therefore:  
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Assuming the mobiles are evenly distributed over the cell and 
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When n=2, 
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- Free space propagation model 


When n=2.5, 
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- Average rural propagation model



When n=3, 
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When n=3.5,
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When n=4, 
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Therefore in an average urban scenario 66% of mobiles would be in good radio coverage.

Annex D

This paper proposes two options for the CFCH access bursts:.

The first approach (Option A) would be to re-use the code points allocated for the Call Re-establishment feature. If this approach was used then the Call Re-establishment feature could not be used when MBMS was active. This approach could be optimised to provide more information about the user numbers in a cell. (Based on a mobile selecting randomly one of the code points and using this ‘message’ for the duration of the service. If the BSC receiving NACKS of x different coding of CFCH Access bursts, the BSC can deduce there are at least x mobiles listening on the cell.)

The second approach (Option B) would be to allocate a separate code point to be used for the CFCH by all mobiles.

Below is the example coding of each option.

Option A: Re-use of the Call Re-establishment cause.

Table 9.1.8.1 from 44.018

	MS codes According to Establishment cause:

	Bits
8 .... 1

	101xxxxx
	Emergency call

	110xxxxx
	Call re-establishment; TCH/F was in use, or TCH/H was in use but the network does not set NECI bit to 1; MBMS CFCH Access Bursts

	01110xxx
	Single block packet access; one block period on a PDCH is needed for two phase packet access or other RR signalling purpose.

	….
	….

	01100111
	LMU establishment, see note 2

	01100xx0
01100x01
01100011
	Reserved for future use

note 2a

	01111111
	Reserved, see note 2b


NOTE 1:
Examples of these procedures are: IMSI detach, Short Message Service (SMS), Supplementary Service management, Location Services.

NOTE 2:
If such messages are received by a network, an SDCCH shall be allocated.

NOTE 2a:
If such messages are received by a network, an SDCCH may be allocated.

NOTE 2b:
This value shall not be used by the mobile station on RACH. If such message is received by the network, it may be ignored. The value is used by the network to answer to a 11 bits EGPRS Packet Channel request.

Option B: Re-use of the Call Re-establishment cause.

Table 9.1.8.1 from 44.018

	MS codes According to Establishment cause:

	Bits
8 .... 1

	101xxxxx
	Emergency call

	110xxxxx
	Call re-establishment; TCH/F was in use, or TCH/H was in use but the network does not set NECI bit to 1

	01110xxx
	Single block packet access; one block period on a PDCH is needed for two phase packet access or other RR signalling purpose.

	….
	….

	01100111
	LMU establishment, see note 2

	01100xx0
01100001
01100101
01100011
	Reserved for future use

Reserved for CFCH use. See note 2c
note 2a

	01111111
	Reserved, see note 2b


NOTE 1:
Examples of these procedures are: IMSI detach, Short Message Service (SMS), Supplementary Service management, Location Services.

NOTE 2:
If such messages are received by a network, an SDCCH shall be allocated.

NOTE 2a:
If such messages are received by a network, an SDCCH may be allocated.

NOTE 2b:
This value shall not be used by the mobile station on RACH. If such message is received by the network, it may be ignored. The value is used by the network to answer to a 11 bits EGPRS Packet Channel request.
NOTE 2c:
If such messages are received by a network, an SDCCH shall not be allocated.







� 	Assuming the calculation in Annex C) The 18% loading of the CFCH corresponds to a likely usage for 2 mobiles both in bad radio conditions. The CFCH is more likely to operate with less than 18% loading in other most other cases. Using this model there is a resulting Block Error Rate of 1% for the mobiles in the bad radio conditions, corresponding to the NACK being lost due to CFCH collisions. When the CFCH is loaded less than 18% it is useful for providing information in the scenarios when more than 2 mobiles are on the cell in better radio conditions.
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Calcs for CFCH Efficiency

		

																				Probability that a mobile is in 3dB region:		33%

																				Probability of MS in 3dB region to use CFCH:		10%

								Probability that y mobiles are in the 3dB region when n mobiles are in cell

								y Mobiles

								0		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15

				n Mobiles		0		1.000

						1		0.673		0.327

						2		0.453		0.440		0.107

						3		0.305		0.444		0.216		0.035

						4		0.205		0.399		0.291		0.094		0.011

						5		0.138		0.335		0.326		0.158		0.038		0.004

						6		0.093		0.271		0.329		0.213		0.078		0.015		0.001

						7		0.063		0.213		0.310		0.251		0.122		0.036		0.006		0.000

						8		0.042		0.164		0.278		0.270		0.164		0.064		0.016		0.002		0.000

						9		0.028		0.124		0.241		0.273		0.199		0.097		0.031		0.007		0.001		0.000

						10		0.019		0.093		0.203		0.262		0.223		0.130		0.053		0.015		0.003		0.000		0.000

						11		0.013		0.069		0.167		0.243		0.236		0.160		0.078		0.027		0.007		0.001		0.000		0.000

						12		0.009		0.050		0.135		0.218		0.238		0.185		0.105		0.044		0.013		0.003		0.000		0.000		0.000

						13		0.006		0.037		0.107		0.191		0.232		0.203		0.131		0.064		0.023		0.006		0.001		0.000		0.000		0.000

						14		0.004		0.027		0.084		0.163		0.218		0.212		0.155		0.086		0.036		0.012		0.003		0.001		0.000		0.000		0.000

						15		0.003		0.019		0.065		0.137		0.200		0.214		0.173		0.108		0.053		0.020		0.006		0.001		0.000		0.000		0.000		0.000

								Probability of y NACKs being sent if n mobiles are in 3dB Region

								y NACKs

								0		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15

				n Mobiles		0		1.000

						1		0.900		0.100

						2		0.810		0.180		0.010

						3		0.729		0.243		0.027		0.001

						4		0.656		0.292		0.049		0.004		0.000

						5		0.590		0.328		0.073		0.008		0.000		0.000

						6		0.531		0.354		0.098		0.015		0.001		0.000		0.000

						7		0.478		0.372		0.124		0.023		0.003		0.000		0.000		0.000

						8		0.430		0.383		0.149		0.033		0.005		0.000		0.000		0.000		0.000

						9		0.387		0.387		0.172		0.045		0.007		0.001		0.000		0.000		0.000		0.000

						10		0.349		0.387		0.194		0.057		0.011		0.001		0.000		0.000		0.000		0.000		0.000

						11		0.314		0.384		0.213		0.071		0.016		0.002		0.000		0.000		0.000		0.000		0.000		0.000

						12		0.282		0.377		0.230		0.085		0.021		0.004		0.000		0.000		0.000		0.000		0.000		0.000		0.000

						13		0.254		0.367		0.245		0.100		0.028		0.006		0.001		0.000		0.000		0.000		0.000		0.000		0.000		0.000

						14		0.229		0.356		0.257		0.114		0.035		0.008		0.001		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000

						15		0.206		0.343		0.267		0.129		0.043		0.010		0.002		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000

								Probability of y NACKs being sent if n mobiles are on the cell

								y NACKs

								0		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15

				n Mobiles		0

						1		0.967		0.033

						2		0.936		0.063		0.001

						3		0.905		0.092		0.003		0.000

						4		0.875		0.118		0.006		0.000		0.000

						5		0.847		0.143		0.010		0.000		0.000		0.000

						6		0.819		0.166		0.014		0.001		0.000		0.000		0.000

						7		0.792		0.188		0.019		0.001		0.000		0.000		0.000		0.000

						8		0.766		0.207		0.025		0.002		0.000		0.000		0.000		0.000		0.000

						9		0.741		0.226		0.031		0.002		0.000		0.000		0.000		0.000		0.000		0.000

						10		0.717		0.242		0.037		0.003		0.000		0.000		0.000		0.000		0.000		0.000		0.000

						11		0.694		0.258		0.044		0.004		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000

						12		0.671		0.272		0.051		0.006		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000

						13		0.649		0.285		0.058		0.007		0.001		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000

						14		0.628		0.297		0.065		0.009		0.001		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000

						15		0.607		0.308		0.073		0.011		0.001		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000		0.000

												Probability of a Retransmission

								One Burst				One Frame

																										Propagation model

								No NACK		NACK		Efficiency
1 Retrans		Efficiency
2 Retrans		Efficiency
3 Retrans		Overall		Compared to P2P performance						n=2		n=2.5		n=3		n=3.5		n=4				Assumptions

				n Mobiles		1		0.967		0.033		0.033		0.001		0.000		1.034		1.00106929				1		1.15		1.13		1.11		1.10		1.09				The error are randomly spaced.

						2		0.937		0.063		0.063		0.004		0.000		1.068		1.0337141473				2		1.35		1.30		1.26		1.23		1.21				The MS does know that it has received this RLC/MAC block previously from SN in first block

						3		0.908		0.092		0.092		0.008		0.001		1.101		1.0661254511				3		1.55		1.47		1.41		1.36		1.32				In this case maximum of 4 transmissions (3 retrans)

						4		0.882		0.118		0.118		0.014		0.002		1.134		1.0981478674				4		1.74		1.63		1.55		1.49		1.44

						5		0.857		0.143		0.143		0.020		0.003		1.167		1.1296238286				5		1.92		1.79		1.69		1.62		1.55

						6		0.834		0.166		0.166		0.028		0.005		1.198		1.1603999403				6		2.09		1.94		1.83		1.74		1.66

						7		0.812		0.188		0.188		0.035		0.007		1.229		1.1903316467				7		2.25		2.09		1.96		1.86		1.77

						8		0.793		0.207		0.207		0.043		0.009		1.259		1.2192864902				8		2.40		2.23		2.09		1.98		1.88

						9		0.774		0.226		0.226		0.051		0.011		1.288		1.2471462438				9		2.53		2.35		2.21		2.09		1.98

						10		0.758		0.242		0.242		0.059		0.014		1.315		1.2738081512				10		2.65		2.47		2.32		2.20		2.08

						11		0.742		0.258		0.258		0.067		0.017		1.342		1.2991854686				11		2.76		2.58		2.43		2.30		2.18

						12		0.728		0.272		0.272		0.074		0.020		1.366		1.3232074666				12		2.85		2.68		2.52		2.40		2.27

						13		0.715		0.285		0.285		0.081		0.023		1.390		1.3458190261				13		2.93		2.77		2.62		2.49		2.36

						14		0.703		0.297		0.297		0.088		0.026		1.412		1.3669799348				14		2.99		2.85		2.70		2.57		2.44

						15		0.692		0.308		0.308		0.095		0.029		1.432		1.3866639713				15		3.04		2.92		2.78		2.65		2.52

								One Burst				One Frame

																										Propagation model

								No NACK		NACK		Efficiency
1 Retrans		Efficiency
2 Retrans		Efficiency
3 Retrans		Overall		Compared to P2P performance						n=2		n=2.5		n=3		n=3.5		n=4				Assumptions

				n Mobiles		1		0.967		0.033		0.033		0.001		0.000		1.034		1				1		1.33		1.29		1.25		1.22		1.20				The error are randomly spaced.

						2		0.936		0.064		0.064		0.064		0.064		1.193		1.1552165489				2		1.70		1.60		1.52		1.47		1.42				The MS does not know that it has received this RLC/MAC block previously

						3		0.905		0.095		0.095		0.095		0.095		1.285		1.2440992421				3		2.04		1.90		1.79		1.70		1.63				In this case maximum of 4 transmissions (3 retransmissions)

						4		0.875		0.125		0.125		0.125		0.125		1.374		1.3300754713				4		2.37		2.18		2.04		1.93		1.84

						5		0.847		0.153		0.153		0.153		0.153		1.459		1.4132402779				5		2.68		2.46		2.29		2.15		2.05

						6		0.819		0.181		0.181		0.181		0.181		1.543		1.4936855952				6		2.97		2.72		2.53		2.37		2.24

						7		0.792		0.208		0.208		0.208		0.208		1.623		1.5715003507				7		3.25		2.97		2.75		2.58		2.43

						8		0.766		0.234		0.234		0.234		0.234		1.701		1.6467705636				8		3.52		3.21		2.97		2.78		2.62

						9		0.741		0.259		0.259		0.259		0.259		1.776		1.7195794406				9		3.77		3.44		3.18		2.97		2.80

						10		0.717		0.283		0.283		0.283		0.283		1.849		1.7900074673				10		4.01		3.67		3.39		3.16		2.97

						11		0.694		0.306		0.306		0.306		0.306		1.919		1.8581324976				11		4.24		3.88		3.58		3.34		3.14

						12		0.671		0.329		0.329		0.329		0.329		1.987		1.9240298393				12		4.45		4.08		3.77		3.52		3.30

						13		0.649		0.351		0.351		0.351		0.351		2.053		1.987772338				13		4.66		4.27		3.95		3.69		3.46

						14		0.628		0.372		0.372		0.372		0.372		2.116		2.049430457				14		4.86		4.46		4.13		3.85		3.62

						15		0.607		0.393		0.393		0.393		0.393		2.178		2.1090723555				15		5.04		4.64		4.30		4.01		3.77

						Pascals Triangle

								0		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15

						0		1

						1		1		1

						2		1		2		1

						3		1		3		3		1

						4		1		4		6		4		1

						5		1		5		10		10		5		1

						6		1		6		15		20		15		6		1

						7		1		7		21		35		35		21		7		1

						8		1		8		28		56		70		56		28		8		1

						9		1		9		36		84		126		126		84		36		9		1

						10		1		10		45		120		210		252		210		120		45		10		1

						11		1		11		55		165		330		462		462		330		165		55		11		1

						12		1		12		66		220		495		792		924		792		495		220		66		12		1

						13		1		13		78		286		715		1287		1716		1716		1287		715		286		78		13		1

						14		1		14		91		364		1001		2002		3003		3432		3003		2002		1001		364		91		14		1

						15		1		15		105		455		1365		3003		5005		6435		6435		5005		3003		1365		455		105		15		1

				Propagation Figures										Table for Figure 2

								(1/2)^(n/2)										Propagation model

				n		2		0.500										n=2		n=2.5		n=3		n=3.5		n=4

						2.5		0.426						No. Mobiles		2		100%		100%		100%		100%		100%

						3		0.370								3		88%		92%		95%		97%		97%

						3.5		0.327								4		69%		79%		85%		89%		92%

						4		0.293								5		50%		64%		73%		80%		85%

																6		34%		49%		61%		69%		76%

																7		23%		36%		49%		59%		66%

																8		14%		26%		38%		48%		57%

																9		9%		19%		29%		39%		48%

																10		5%		13%		22%		31%		40%

																11		3%		9%		16%		25%		33%

																12		2%		6%		12%		19%		27%

																13		1%		4%		9%		15%		22%

																14		1%		3%		6%		11%		17%

																15		0%		2%		4%		9%		14%



Dave Fox:
This is a special case of this model, because a retransmission only occurs when the mobile has asked for it.
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