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Further Performance Results for MPEG-4 over FLO and EGPRS

1 Introduction

The contribution presents further results to the investigations presented in [1] on a comparative study of the performance of MPEG-4 streaming over FLO and EGPRS. A number of alterations have been made to the previous simulations, including a reduced transport format combination set (TFCS), modelling of the uplink radio channel and improvements to the EGPRS model. These changes are detailed in section 2. Other parameters and procedures not described in this document are the same as those described in [1]. Results are presented for EGPRS RLC-AM and for FLO RLC-AM with interleaving depths of 20ms, 40ms and 80ms.

2 Simulation model and assumptions

The model assumes a downlink dedicated resource based on the PDTCH + SACCH proposal for Gb [2]. The modelling of MPEG-4 traffic over FLO/EGPRS uses a two stage approach. The lower stage is a link level simulation and provides BLER, RBER information on a certain transport format combination or modulation and coding scheme, for a given C/I range. The results are presented in annex A. From these results, a 2 dimensional lookup table is constructed with the TFC/MCS and C/I as the input and BLER as the output. The upper stage uses this information and simulates layer 2 and 3 functionality based on the EGPRS protocols.
A block diagram of the upper level simulation is shown in Figure 1.
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Figure 1: Upper layer simulation block diagram

The upper level model consists of an RTP packet generator based on an MPEG-4 profile (stage 1), an RLC/MAC model (stages 2/5), a physical channel model (stage 3) and link adaptation algorithm (stage 6). The models in stages 2 and 5 are different for each of the scenario simulated (EGPRS RLC-UM, EGPRS RLC-AM, FLO RLC-UM and RLC-AM).

Stage 1 generates RTP packets based on the MPEG-4 profile with average video bitrate of 48kbits/s. Additionally, the LLC layer header and the frame check sequence are added at stage 1. The packets are then passed to the RLC/MAC layer, which performs segmentation, buffering and retransmission. The physical channel model is modelled in stage 3. A shadow fading profile is used to model the received power and the lookup table is used to determine the BLER for the given C/I and the current TFC/MCS supplied by the LA algorithm. Based on the BLER, packets are erased or successfully transmitted. Link adaptation is performed in stage 6, based on measurement reports provided from stage 5. A set of thresholds defines the minimum C/I value at which the TFC/MCS should be used. Finally, stage 7 carries out an analysis of the system throughput, SDU frame erasure rate and delay.

The following changes have been made to the simulations presented in this document.

· The uplink radio channel is modelled using a slow fading profile, which is fully correlated with the downlink fading profile. 

· The window size has been increased from 96 to 256 blocks (maximum defined for 2 timeslots in 3GPP 44.060), in order to reduce the likelihood of stalling. The BSN (Block Sequence Number) field is set to 11 bits.

· 6 transport format combinations utilising one transport channel have been used with a base size of 22 octets. (In [1], a base size of 8 octets was used, and 16 TFCs were defined).

· Each transport block within a transport channel is protected with a separate 12 bit CRC. In the event that some of the blocks are received in error, it will still be possible to recover the other transport blocks sent on the same transport channel.

· Two families have been used in the EPGRS simulation, which utilises MCS 6, 9 in addition to MCS 2,5,7.

2.1  RLC/MAC

This section details the RLC/MAC modelling used in the two simulation scenarios, EGPRS RLC-AM and FLO RLC-AM.

2.1.1 EGPRS RLC-AM

Two families are used consisting of MCS 2-5-7 carrying 28, 56 and 112 octets respectively, and MCS 6-9 carrying 74 and 148 octets respectively. Blocks transmitted with MCS 5,6,7 or 9 can be retransmitted using any MCS within the family. LLC concatenation has been used to avoid the use of padding. At the receiver, blocks are marked as NACK if the header is correctly received, but the payload is erroneous. Blocks with a valid header and payload are marked ACK. Blocks whose header is erroneous remain marked as INVALID and are then marked as NACK when the BTS requires an acknowledgment.

The maximum window size of 256 blocks for two timeslots has been used to minimise the likelihood of transmission window stalling. When the RLC/MAC transmit buffer reaches 24 blocks full (480ms) the BTS polls the MS for acknowledgment of the RLC/MAC blocks sent. This polling threshold was used to keep the average LLC transmission delay significantly lower than the LLC discard timer of 2seconds, and to minimise the chance of transmit window stalling. The full acknowledgment bitmap is sent (using the Packet Downlink ACK/NACK message as specified in TS 44.060) and is assumed to fit into one RLC/MAC block over the PACCH. 

The SACCH is unmodified and is used to carry the enhancement measurement reports for link adaptation.

2.1.2 FLO RLC-AM

As illustrated in Figure 2, for FLO the RLC layer segments the LLC frames into RLC blocks of a fixed size (22 octets). A two octet (to keep overheads to a minimum) RLC/MAC header is then added to each RLC block to form a transport block [3]. The transport formats are designed such that each transport format combination carries n transport blocks
. The advantage of this is that it allows link adaptation to be performed over all the transport format combinations without the need for grouping of the transport formats into families (as for EGPRS) and avoids any requirement to re-segment the blocks. Each transport block is protected with a separate 12 bit CRC as done in the UTRAN. The advantage is that only transport blocks for which the CRC decoding detects errors will be discarded, but additional overhead is introduced. 
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Figure 2: RLC/MAC functionality for FLO RLC AM

In [1] a single CRC sequence was used to protect all transport blocks sent on the same transport channel in the same TTI. In the simulations presented in this document, we have protected each transport block with a separate CRC. Additional overhead is introduced leading to slightly reduced performance. However, the following paragraphs examine the statistics of erroneous transport blocks within a transport format combination to demonstrate the usefulness of this approach.. The average number of transport blocks lost per corrupted (i.e. containing bit errors) transport format combination is presented in Table 1.The block erasure rate considering all radio packets containing one or more erroneous transport blocks is also tabulated for TFC2, TFC4 and TFC 6.

	C/Ic (dB)
	Average no. of erased blocks (TFC 2)
	TFC 2 BLER
	ANEB (TFC 4)
	TFC 4 BLER
	ANEB (TFC 6)
	TFC 6 BLER 

	-5
	2
	1
	4
	1
	6
	1

	0
	1.95
	0.95
	4
	1
	6
	1

	5
	1.78
	0.538
	3.88
	0.978
	5.99
	1

	10
	1.5
	0.099
	3.35
	0.72
	5.9
	0.993

	15
	1.29
	0.00381
	2.64
	0.23
	5.32
	0.8785

	20
	-
	-
	2.1
	0.02
	4.33
	0.52


Table 1 Average number of erased transport blocks per a TFC corrupted

For example, for TFC 4 at 15dB, of the 23% of transport format combinations corrupted (i.e. contain transport blocks with CRC failures), an average of 2.64 transport blocks are lost. 

Figure 3 shows the probability of losing N transport blocks in transport format combination 4, for radio blocks that contain erroneous transport blocks. At low C/I, the probability of losing all four transport blocks is high, whereas at 20dB over 50% of the damaged radio blocks will contain only one erroneous transport block. This demonstrates that protecting each transport block with a separate CRC has significant benefit. By protecting all the blocks with a single CRC, there is a fairly high probability that correctly received blocks will be needlessly discarded. 
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Figure 3: Probability of N transport blocks being lost in an erroneous transport format combination.

The transport format combination set (Table A-2) and performance curves (Figure A-1, A-2, A-3) are contained in Annex A.

3 Simulation summary 

Table 2 summarises the common parameters used for the two scenarios simulated.

	No. of RLC/MAC blocks simulated
	100000 on 2 time slots

	Logical channels
	Dedicated. PDTCH + SACCH. Downlink. PACCH uplink channel for acknowledgments.

	QoS
	Target 10-2 to 10-3 for RTP SDU error rate. 

	MPEG-4 traffic profile
	Variable bit rate (VBR) mode. 48 kbit/s. Total bit rate required including all header = 54kbit/s

Maximum RTP packet size is 1400 bytes.

Quicktime codec. I-VOP every 1s. Medium video quality, poor rate control. 

	Radio Channel Profile
	TU 3 with ideal frequency hopping.. Log Normal Fading, correlation distance: 20m, standard deviation: 7dB. Interference, Rx power, fast and slow fading on each timeslot are assumed to be highly correlated.

	Multislot traffic channel
	Two timeslots. High fading correlation between slots. The same interference is assumed for both timeslots.

	Error Protection
	Equal Error Protection (EEP).

	Link Adaptation
	Enhanced measurement reports over SACCH every 480ms. The sane TFC/MCS is used on both timeslots.

	ROHC
	No header compression. 40 byte RTP/IP/UDP header.

	SNDCP functionality
	SNDCP header – 2 bytes

	LLC functionality
	LLC is operated in unacknowledged mode. LLC header size: 2 bytes. FCS: 3 bytes. 

LLC frame concatenation. Frames discarded after 3 seconds. Frames which are in the process of being transmitted are not discarded even if their lifetime exceeds 2 seconds. Buffer size = 4 LLC frames.


Table 2 - Common simulation parameters

Table 3 summarises the parameters used for the four scenarios simulated.

	
	EGPRS RLC-AM
	FLO RLC-AM

	Link Adaptation
	Switching points optimised for maximum throughput (approximate BLER = 20%)
	Switching points optimised for maximum throughput (approximate BLER = 20%)

	RLC/MAC functionality
	Acknowledged mode. One family, MCS 2,5,6,7,9.Reduced 2-octet header used as detailed in [3]. Separate CRCs applied to each RLC/MAC block. Bitmap sent in the Packet Downlink ACK/NACK message.
	Acknowledged mode. Reduced 2-octet header. One 12 bit CRC applied to each transport block within the transport format combination. Bitmap sent in the Packet Downlink ACK/NACK message.

	Window Size
	256
	256

	Approximate Acknowledgement period (polling)
	480ms (every 24 blocks)
	480ms

	Uplink BLER
	Dynamic. 
	Dynamic.

	Round trip time (RTT)
	80ms
	80ms (20ms interleaving), 120ms (40ms interleaving), 200ms (80ms interleaving).

	Physical channel characteristics
	GMSK and 8PSK modulation.
	8PSK modulation only. Interleaving depth 20ms, 40ms, and 80ms.

	FLO transport format combinations
	-
	6 TFCs.. Base size of 22 octets. 1 TrCH, header and data coded together.


Table 3 - Simulation parameters for the 2 scenarios, EGPRS/FLO RLC UM/AM.
4 Results and Discussion

4.1 RLC AM

The following graphs present the throughput and RTP SDU FER performance for EGPRS and FLO for RLC acknowledged mode.

Figure 4 shows the throughput performance for EGPRS (with 1 and 2 families) and for FLO for 20ms, 40ms and 80ms interleaving. At C/I less than 20dB, FLO performance is better than EGPRS by up to 1.6dB for 20ms. An additional gain of 0.8dB is obtained for 40ms interleaving. 80ms interleaving increases this gain by a maximum of 0.2dB. To achieve the required 54 kbits/s for the MPEG-4 streaming video a mean C/I of 13.8dB is required for EGPRS, 12.2dB for FLO with 20ms interleaving, 11.6dB for FLO with 40ms interleaving and 11.4dB for FLO with 80ms interleaving. For C/I greater than 20dB, EGPRS outperforms FLO, as the maximum block size is 148 octets as opposed to 132 octets for this FLO configuration.
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Figure 4: Throughput for RLC-AM for FLO and EGPRS v. mean received C/I.

Figure 5 shows the RTP SDU FER against the mean received C/I. At the throughput operating points (13.8dB, 12.2dB, 11.6dB and 11.4dB) obtained from Figure 4, a FER of 0.75% is achieved for EGPRS, 0.24% for FLO with 20ms interleaving, 0.61% for FLO with 40ms interleaving and 0.68% for FLO with 80ms interleaving. The reason for the poorer FER performance at higher interleaving depths can be explained due to the higher round trip time incurred. The extra delay means that the probability that an LLC frame exceeds the LLC discard time is increased and thus the SDU FER rises. Adjusting the polling period may allow the optimum SDU FER to be achieved, but the RTT imposes a restriction on the response time of the MS to a poll. An alternative approach may be to use different interleaving depth in the uplink in order to reduce the RTT. However with polling set to poll approximately every 480ms, all the schemes meet the QoS FER target of between 10-2 and 10-3 at the required throughput of 54kbits/s.
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Figure 5: RTP SDU FER for RLC-AM for FLO and EGPRS v. mean received C/I.

Figure 6 and Table 4 demonstrate the reason for the small gain between the various interleaving depths. By optimising the LA switching points for maximum throughput the switching point occurs in the region of 10-20% BLER. However, at least for hopping radio channels, the difference in dB at the 10-20% level between the interleaving depths is relatively small, as can be seen in Figure 6. This small gain in link level BLER impacts directly on the achievable throughput. Referring to Table 4, at the 20% BLER, a C/I of 13.9dB is required for 20ms interleaving, 13.2dB for 40ms interleaving and 12.9dB for 80ms interleaving. By using 40ms interleaving rather than 20ms interleaving a gain of 0.7dB is obtained, but only an additional 0.3dB is obtained when using 80ms interleaving.
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Figure 6: BLER vs C/I for TFC 4 and interleaving depths of 20, 40 and 80ms

	
	Interleaving

	BLER
	20ms
	40ms
	80ms

	20%
	13.9
	13.2
	12.9

	10%
	15.6
	14.5
	14

	1%
	19.6
	17.6
	16.4


Table 4 Required C/I (dB) to reach BLER of 20%, 10% and 1% with interleaving depths of 20ms, 40ms, 80ms

Figure 7, Figure 8, Figure 9, Figure 10 and Table 5 provided details of the RTP SDU delivery statistics at a mean C/I of 13dB for both EGPRS and FLO with all three interleaving depths. FLO provides a small improvements in the packet delivery times when compared with EGPRS even with 20ms interleaving. With 40ms interleaving the improved BLER leads to further improvements in delivery times at the 95-99% level. There is some degradation at 99.9% and 100%. At these levels the undelivered packets are delayed primarily as a result of stalling and the additional RTT may be the reason for increased packet delivery times. Delivery times for FLO with 80ms interleaving are slightly poorer than 40ms interleaving. This can be explained since the BLER performance of 80ms is very similar to that for 40ms interleaving, but the RTT is almost double the RTT for 40ms interleaving, and may lead to additional delivery delay. 99.9% of packets are delivered within the 4.5 seconds for all FLO cases and 5.7 seconds for EGPRS.

[image: image7.png]Frequency

500

400

200

100

RTP packet delay pdf. Mean C/l = 13.049941

0

500

1000 1500 2000 2500 3000 3500 4000 4500 5000
Delay (ms)




      [image: image8.png]RTP packet delay cdf. Mean C/l = 13.049941

09

Cumlative(%)

01

-1000

0

000 2000 3000 4000
Delay (ms)

5000





Figure 7: Pdf and Cdf for RTP SDU packet delay at 13dB for EGPRS.
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Figure 8: Pdf and Cdf for RTP SDU packet delay at 13dB for FLO with 20ms interleaving
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Figure 9: Pdf and Cdf for RTP SDU packet delay at 13dB for FLO with 40ms interleaving
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Figure 10 :Pdf and Cdf for RTP SDU packet delay at 13dB for FLO with 80ms interleaving

	
	EGPRS
	FLO 20ms interleaving
	FLO 40ms interleaving
	FLO 80ms interleaving

	Average delay (mode)
	300 ms 
	260 ms
	220 ms
	220 ms

	90% of packets delivered within 
	660 ms
	620 ms
	580 ms
	580 ms

	95% of packets delivered within
	860 ms
	880 ms
	820 ms
	860 ms

	99% of packets delivered within
	2060 ms
	1800 ms
	1600 ms
	1700 ms

	99.9% of packets delivered within
	5700 ms
	4000 ms
	4400 ms
	4480 ms

	100% of packets delivered within
	>10000ms
	>10000 ms
	>10000 ms
	>10000ms


Table 5 : RTP SDU delay statistics for EGPRS and FLO.

From the simulations results, it can be seen that in this particular scenario, 80 ms interleaving does not provide any significant performance gains both in terms of throughput, FER and delay variation. However, before deciding to remove this option from the FLO TR, it should be investigated whether in other scenarios this option could be of benefit. For example, in the case of RLC UM or transparent mode, the operating point may be around the 1% BLER, and it can be seen from Figure 4 that at this point, 80 ms interleaving offers a greater improvement than around the 10% BLER region, which was the operating region in our simulations. Also, in our simulations we have used frequency hopping; in a non-hopping scenario, the use of 80 ms interleaving may be beneficial compared to 40 ms.

5 Conclusions

This document has presented additional results for the performance of a typical MPEG-4 streaming service using EGPRS or FLO to those presented in [1]. The following points can be drawn.

· The simulated FLO RLC/MAC procedures offer some gain over existing EGPRS even with 20ms interleaving. Improvements in both throughput (equivalent to up to 1.6dB) and RTP SDU FER are observed. A further gain of 0.8dB is achieved when using 40ms (leading to an equivalent total gain of 2.4dB) and 80 ms interleaving.

· In the scenarios simulated, 80ms interleaving does not provide any significant benefit. However, it is not clear whether 80ms interleaving leads to improved performance in other scenarios or for services requiring different QoS parameters to those simulated here (for example services requiring unacknowledged or transparent RLC/MAC modes).

In the present document was have assumed that the FLO RLC/MAC procedure allow the transmission of multiple transport blocks per transport channel per TTI, which offers significant advantages as discussed in section 2.1.2. At present this possibility is not included in the FLO TR [5]. The changes required to the FLO TR to support this functionality can be found in [4].

6 References

[1] GP-030280 “Performance Considerations on MPEG-4 over FLO and EGPRS”, Siemens, GERAN#13, San Antonio, Texas (USA), 3rd-7th February 2003.

[2] G2-030060 “Dedicated channels for A/Gb mode”, Siemens, GERAN2#12bis, St. Paul de Vence, France, 13th-17th January 2003.
[3] G2-030032 “RLC/MAC Header Formats on dedicated channels for A/Gb”, Siemens, GERAN2#12bis, St. Paul de Vence, France, 13th-17th January 2003.
[4] GP-030646, “Draft CR to the FLO TR: support of multiple transport blocks per transport channel per TTI”, Siemens, GERAN#14, Munich (Germany), 7th-11th April 2003

[5] 3GPP TR 45.902 “Flexible Layer One (Release 6)”, version 1.0.1

[6] GP-030812, “Draft CR to TR on FLO for RLC & MAC”, Nokia, Siemens, GERAN#14, Munich (Germany), 7th-11th April 2003

A Annex A

A.1 Transport format combination sets

A.1.1 RLC-AM

	Transport Format
	Modulation Type
	Source data size per 20ms RB [octets]
	Total RLC/MAC header size (all headers) [bits]
	Total block size [bits]
	CRC size[bits]
	Tail bits [bits]
	E + FBI [bits]
	TFCI [bits]
	coded TFCI [bits]
	bits per RB

	1
	8PSK
	22
	16
	192
	12
	6
	2
	3
	48
	1392

	2
	8PSK
	44
	32
	384
	24
	12
	4
	3
	48
	1392

	3
	8PSK
	66
	48
	576
	36
	18
	6
	3
	48
	1392

	4
	8PSK
	88
	64
	768
	48
	24
	8
	3
	48
	1392

	5
	8SPK
	110
	80
	960
	60
	30
	10
	3
	48
	1392

	6
	8PSK
	132
	96
	1152
	72
	36
	12
	3
	48
	1392

	7 (D/L control)
	8PSK
	23
	16
	200
	12
	6
	0
	3
	48
	1392


Table A-1: Transport format combination set for RLC AM with FLO

A.2 Transport format combination sets performance curves
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Figure A-1: Transport format combination set performance for RLC AM with FLO with 20ms interleaving
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Figure A-2: Transport format combination set performance for RLC AM with FLO with 40ms interleaving
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Figure A-3: Transport format combination set performance for RLC AM with FLO with 80ms interleaving
A.3  EGPRS MCS performance curves
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Figure A-4: Modulation and coding scheme performance (MCS-1,2,5,6,7,9, CS-1) performance for EGPRS.
� Further study is required to determine the full implications of this approach and to compare the performance with the case in which each TFC carries only one transport block per transport channel (and link adaptation is performed by splitting the blocks). � REF _Ref36546365 \r \h ��� One of the advantages of the approach used is that the Split Block indicator (SPB) bits are not needed in the RLC/MAC header � REF _Ref37235908 \w \h ��[6]�.
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0.0000333426

0.0051667804

0.0001995262

0.0323593657

0.0002333458

0.000033335

0.001800114



int comparison with LUTs

		

										BLER 20		BLER 40		BLER 80

								C/Ic (dB)		TFC1						TFC2						TFC3						TFC4						TFC5						TFC6

								-5		0.8		1		0.98		0.98		1		1		1		1		1		1		1		1		1		1		1		1		1		1

								-4		0.72846		0.98		0.95		0.96		1		1		1		1		1		1		1		1		1		1		1		1		1		1

								-3		0.66325		0.95		0.9		0.95		1		1		1		1		1		1		1		1		1		1		1		1		1		1

								-2		0.604011		0.88		0.8		0.92		1		1		1		1		1		1		1		1		1		1		1		1		1		1

								-1		0.55		0.79		0.7		0.9		0.98		1		1		1		1		1		1		1		1		1		1		1		1		1

								0		0.449		0.67		0.6		0.85		0.95		0.95		1		1		1		1		1		1		1		1		1		1		1		1

								1		0.36700		0.50000		0.45000		0.80000		0.90000		0.90000		0.98		1		1		1		1		1		1		1		1		1		1		1

								2		0.30000		0.35000		0.30000		0.70000		0.80000		0.80000		0.96		1		1		1		1		1		1		1		1		1		1		1

								3		0.22235		0.20000		0.15000		0.65000		0.70000		0.70000		0.92		0.98		0.98		0.99		1		1		1		1		1		1		1		1

								4		0.16400		0.10000		0.05000		0.55000		0.60000		0.60000		0.88		0.96		0.95		0.97		1		1		1		1		1		1		1		1

								5		0.11749		0.048417		0.01400		0.44875		0.436516		0.42073		0.78343		0.858025		0.92470		0.94624		1.000000		1.0		1.00000		1.000000		1.0		1.00000		1.000000		1

								6		0.073477		0.02		0.004		0.344		0.30000		0.2833		0.68745		0.78		0.8065		0.90411		0.96		1		1		1		1		1		1		1

								7		0.03990		0.006607		0.00070		0.24378		0.180053		0.11220		0.57810		0.616595		0.67273		0.85114		0.924230		1.0		1.00000		1.000000		1.0		1.00000		1.000000		1

								8		2.05E-02		2.40E-03		1.70E-04		0.1653		0.12		0.043082		0.45885		0.45		0.438211		0.7587		0.88		0.896278		0.952391		0.98		0.96992		0.993159		1		1

								9		0.009568		0.0008		0.00003		0.10578		0.06		0.014155		0.350756		0.3		0.266221		0.66392		0.78		0.789121		0.899875		0.95		0.9408		0.985264		1		1

								10		0.004459		0.0003				0.06387		1.995E-02		0.00398		0.25823		0.200447		0.15083		0.57016		0.630957		0.68250		0.84353		0.9		0.91259		0.97634		1.000000		1

								11		0.002078		0.0001				0.0378		0.007		0.001251		0.183689		0.1		0.069097		0.454961		0.47		0.49515		0.7334		0.8		0.885		0.955		0.99		0.9892

								12		0.00087		3.33E-05				0.01913		0.002399		0.00027		0.11695		0.055976		0.02455		0.35481		0.346737		0.32359		0.62337		0.770903		0.85872		0.92747		0.982200		0.97680

								13		0.0002						0.009545		0.00085		0.00005		0.072763		0.025		0.0091		0.26224		0.23		0.174189		5.30E-01		6.50E-01		0.75		8.79E-01		0.95		9.65E-01

								14		0.00002						0.004293		0.00018		0.00001		0.041906		0.009		0.00287		0.184514		0.13		0.084773		4.50E-01		5.00E-01		0.60000		8.20E-01		9.20E-01		9.41E-01

								15								0.00174		0.00005				0.02234		0.003162		0.00077		0.12359		0.072778		0.03730		0.37411		0.4		4.00E-01		0.76015		0.870964		0.9388581919

								16								0.000563						0.01247		0.001		0.000191		0.080824		0.035		0.015947		0.27545		0.25		2.60E-01		0.68545		0.78		0.85

								17								0.00013						0.00570		0.000367		0.00003		0.04603		0.016788		0.00517		0.192954		0.168112		0.144544		0.59759		0.696627		0.75

								18								0.00004						0.002603		0.0001		0.00001		0.026793		0.007		0.002118		0.135164		0.1		0.06125		0.5169		0.58		0.65

								19								0.00001						0.001046						0.014281		0.0024		0.000751		0.094682		0.05		0.02595		0.42658		0.48000		0.52

								20														0.00037						0.00697		0.000733		0.00023		0.06310		0.025		0.011		0.34586		0.367282		0.3818264415

								21														0.00018						0.003787		0.0002		0.00008		0.039545		0.014		0.004716		0.27303		0.27		0.24975

								22														0.0000779349						0.001863		0.00007		0.00002		0.022967		0.006		0.00202		0.209495		0.19		0.152452

								23														0.00003						0.00083						0.01339		0.002799		0.000867		0.15999		0.13		0.093059

								24																				0.00045						0.007747		0.0012		0.000416		0.122197		0.09		0.056805

								25																				0.00020						0.00417		0.000533		0.000200		0.08987		0.060954		0.0323593657

								26																				0.0001						0.002473		0.00025		0.00011		0.067261		0.04		0.019688

								27																				0.00005						0.001347		0.0001		0.00006		0.048021		0.025		0.011047

								28																										0.000734		0.000030		0.0000333		0.034284		0.016		0.00612

								29																										0.0004						0.02447		0.011		0.003478

								30																										0.00020						0.01667		0.007101		0.001800114

								31																										0.0001						0.010275		0.005		0.0008

								32																										0.00005						0.005853		0.003		0.0002

								33																										0.00002						0.003334		0.0019		0.00008

								34																																0.001899		0.001		0.00003

								35																																0.001		0.0005

								36																																0.000575		0.0002

								37																																0.000302		0.00008

								38																																0.000159

								39																																0.0000833279

								40																																0.00004

												BLER

						C/Ic (dB)		TFC1		TFC2		TFC3		TFC4		TFC5		TFC6

						-5		0.98		1		1		1		1		1

						-4		0.95		1		1		1		1		1

						-3		0.9		1		1		1		1		1

						-2		0.8		1		1		1		1		1

						-1		0.7		1		1		1		1		1

						0		0.6		0.95		1		1		1		1

						1		0.45000		0.90000		1		1		1		1

						2		0.30000		0.80000		1		1		1		1

						3		0.15000		0.70000		0.98		1		1		1

						4		0.05000		0.60000		0.95		1		1		1

						5		0.01400		0.42073		0.92470		1.0		1.0		1

						6		0.004		0.2833		0.8065		1		1		1

						7		0.00070		0.11220		0.67273		1.0		1.0		1

						8		1.70E-04		0.043082		0.438211		0.896278		0.96992		1

						9		0.00003		0.014155		0.266221		0.789121		0.9408		1

						10				0.00398		0.15083		0.68250		0.91259		1

						11				0.001251		0.069097		0.49515		0.885		0.9892

						12				0.00027		0.02455		0.32359		0.85872		0.97680

						13				0.00005		0.0091		0.174189		0.75		9.65E-01

						14				0.00001		0.00287		0.084773		0.60000		9.41E-01

						15						0.00077		0.03730		4.00E-01		0.9388581919

						16						0.000191		0.015947		2.60E-01		0.85

						17						0.00003		0.00517		0.144544		0.75

						18						0.00001		0.002118		0.06125		0.65

						19								0.000751		0.02595		0.52

						20								0.00023		0.011		0.3818264415

						21								0.00008		0.004716		0.24975

						22								0.00002		0.00202		0.152452

						23										0.000867		0.093059

						24										0.000416		0.056805

						25										0.00019953		0.0323593657

						26										0.00011		0.019688

						27										0.00006		0.011047

						28										0.0000333		0.00612

						29												0.003478

						30												0.001800114

						31												0.0008

						32												0.0002

						33												0.00008

						34												0.00003

						35

						36

						37

						38

						39

						40





int comparison with LUTs
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Interleaving comparison TFC4
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TFC performance (20 ms intleav)
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Lookup table  (20ms intleav) 
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TFC performance (40ms intrleav)
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LUT (40ms intrleav)

		





TFC perfromance (80ms intrleav)

		

						Transport format combination		C/Ic (dB)		BLER 20ms		BLER 40ms		BLER 80ms

						TFC1		5.13		0.11749		0.048417		0.01400

								7.13		0.03990		0.006607		0.00070

								12.14		0.00087		3.33E-05

						TFC2		5.13		0.44875		0.436516		0.42073

								7.13		0.24378		0.180053		0.11220

								10.13		0.06387		1.995E-02		0.00398

								12.13		0.01913		0.002399		0.00027

								15.13		0.00174

								17.13		0.00013

						TFC3		5.14		0.78343		0.858025		0.92470

								7.14		0.57810		0.616595		0.67273

								10.14		0.25823		0.200447		0.15083

								12.14		0.11695		0.055976		0.02455

								15.14		0.02234		0.003162		0.00077

								17.14		0.00570		0.000367		0.00003

								20.14		0.00037

								23.14		0.00003

						TFC4		5.14		0.94624		1.000000		1.0

								7.14		0.85114		0.924230		1.0

								10.14		0.57016		0.630957		0.68250

								12.14		0.35481		0.346737		0.32359

								15.14		0.12359		0.072778		0.03730

								17.14		0.04603		0.016788		0.00517

								20.14		0.00697		0.000733		0.00023

								23.14		0.00083

								25.14		0.00020

						TFC5		5.14		1.00000		1.000000		1.0

								7.14		1.00000		1.000000		1.0

								10.14		0.84353		0.9		0.912

								12.14		0.62337		0.770903		0.8587169

								15.14		0.37411		0.4		0.4

								17.14		0.19295		0.168112		0.144544

								20.14		0.06310		0.025		0.011

								23.14		0.01339		0.002799		0.0008667

								25.14		0.00417		0.000533		0.00019953

								28.14		0.00073		0.000067		0.0000333

								30.14		0.00020		0.007101

						TFC6		5.14		1.00000		1.000000		1

								7.14		1.00000		1.000000		1

								10.14		0.97634		1.000000		1

								12.14		0.92747		0.982200		0.9768

								15.14		0.76015		0.870964		0.9388581919

								17.14		0.59759		0.696627		0.75

								19.14		0.42658		0.48		0.52

								20.14		0.34586		0.367282		0.3818264415

								25.14		0.08987		0.060954		0.0323593657

								30.14		0.01667		0.007101		0.001800114





TFC perfromance (80ms intrleav)

		



#REF!

BLER 40ms

BLER 80ms

C/I (dB)

BLER

BLER vs C/I for TFC 4 - 20,40 and 80ms interleaving



Sheet1

		



BLER 20ms

BLER 40ms

BLER 80ms



LUT (80ms intleav)

		





EGPRS

		





LA thresholds

		





TFCS

		





		

				Transport format combination		C/Ic (dB)		BLER		Throughput (kbps)				Transport format combination		C/Ic (dB)		BLER		Throughput (kbps)

				TFC1		5.13		0.11749		7.76609015				TFC4		5.14		0.94624		1.892

						7.13		0.03990		8.44885809						7.14		0.85114		5.240

						12.14		0.00087		8.79237074						10.14		0.57016		15.130

																12.14		0.35481		22.711

				TFC2		5.13		0.44875		9.70208114						15.14		0.12359		30.849

						7.13		0.24378		13.30945296						17.14		0.04603		33.580

						10.13		0.06387		16.47588002						20.14		0.00697		34.955

						12.13		0.01913		17.26324607						23.14		0.00083		35.171

						15.13		0.00174		17.56941471						25.14		0.00020		35.193

						17.13		0.00013		17.59762583

														TFC5		5.14		1.00000		0.0

				TFC3		5.14		0.78343		5.71745743						7.14		1.00000		0.0

						7.14		0.57810		11.13826435						10.14		0.84353		6.9

						10.14		0.25823		19.58283310						15.14		0.37411		27.5

						12.14		0.11695		23.31252161						20.14		0.06310		41.2

						15.14		0.02234		25.81033693						25.14		0.00417		43.8

						17.14		0.00570		26.24947663						30.14		0.00020		44.0

						20.14		0.00037		26.39032605

						23.14		0.00003		26.39911996				TFC6		5.14		1.00000		0.0

																7.14		1.00000		0.0

																10.14		0.97634		1.2

																12.14		0.92747		3.8

																15.14		0.76015		12.7

																17.14		0.59759		21.2

																19.14		0.42658		30.3

																20.14		0.34586		34.5

																25.14		0.08987		48.1

																30.14		0.01667		51.9





		



TFC1

TFC2

TFC3

TFC4

TFC5

TFC6

C/I (dB)

BLER - TrCh x

BLER for transport channels with 20ms interleaving



		

												BLER														Throughput (kbits/s)

						C/Ic (dB)		TFC1		TFC2		TFC3		TFC4		TFC5		TFC6				TFC1		TFC2		TFC3		TFC4		TFC5		TFC6

						-5		0.8		0.98		1		1		1		1				1.76		0.352		0		0		0		0

						-4		0.72846		0.96		1		1		1		1				2.389552		0.704		0		0		0		0

						-3		0.66325		0.95		1		1		1		1				2.9634		0.88		0		0		0		0

						-2		0.604011		0.92		1		1		1		1				3.4847032		1.408		0		0		0		0

						-1		0.55		0.9		1		1		1		1				3.96		1.76		0		0		0		0

						0		0.449		0.85		1		1		1		1				4.8488		2.64		0		0		0		0

						1		0.36700		0.80000		0.98		1		1		1				5.5704		3.52		0.528		0		0		0

						2		0.30000		0.70000		0.96		1		1		1				6.16		5.28		1.056		0		0		0

						3		0.22235		0.65000		0.92		0.99		1		1				6.84332		6.16		2.112		0.352		0		0

						4		0.16400		0.55000		0.88		0.97		1		1				7.3568		7.92		3.168		1.056		0		0

						5		0.11749		0.44875		0.78343		0.94624		1.00000		1.00000				7.7660901517		9.7020811372		5.717457431		1.8924519199		0		0

						6		0.073477		0.344		0.68745		0.90411		1		1				8.1534024		11.5456		8.25132		3.375328		0		0

						7		0.03990		0.24378		0.57810		0.85114		1.00000		1.00000				8.4488580859		13.3094529597		11.1382643485		5.2399410553		0		0

						8		2.05E-02		0.1653		0.45885		0.7587		0.952391		0.993159				8.6193096		14.69072		14.28636		8.49376		2.094796		0.3612048

						9		0.009568		0.10578		0.350756		0.66392		0.899875		0.985264				8.7158016		15.738272		17.1400416		11.830016		4.4055		0.7780608

						10		0.004459		0.06387		0.25823		0.57016		0.84353		0.97634				8.7607608		16.4758800179		19.5828330967		15.1302176157		6.8847255344		1.2493764844

						11		0.002078		0.0378		0.183689		0.454961		0.7334		0.955				8.7817136		16.93472		21.5506104		19.1853728		11.7304		2.376

						12		0.00087		0.01913		0.11695		0.35481		0.62337		0.92747				8.7923707355		17.2632460738		23.3125216077		22.710568699		16.571676		3.8295694315

						13		0.0002		0.009545		0.072763		0.26224		5.30E-01		8.79E-01				8.79824		17.432008		24.4790568		25.969152		20.688008		6.3858432

						14		0.00002		0.004293		0.041906		0.184514		4.50E-01		8.20E-01				8.799824		17.5244432		25.2936816		28.7051072		24.18658		9.512184

						15				0.00174		0.02234		0.12359		0.37411		0.76015						17.5694147054		25.8103369332		30.8494650343		27.539134116		12.6640152936

						16				0.000563		0.01247		0.080824		0.27545		0.68545						17.5900912		26.070792		32.3549952		31.8802		16.60824

						17				0.00013		0.00570		0.04603		0.192954		0.59759						17.5976258253		26.2494766321		33.579896861		35.510024		21.247489311

						18				0.00004		0.002603		0.026793		0.135164		0.5169						17.599296		26.3312808		34.2568864		38.052784		25.50768

						19				0.00001		0.001046		0.014281		0.094682		0.42658						17.599824		26.3723856		34.6973088		39.833992		30.2766014073

						20						0.00037		0.00697		0.06310		0.34586						17.6		26.390326048		34.954787467		41.2237876843		34.5386061762

						21						0.00018		0.003787		0.039545		0.27303						17.6		26.395248		35.0666976		42.26002		38.384016

						22						0.0000779349		0.001863		0.022967		0.209495						17.6		26.3979425197		35.1344224		42.989452		41.738664

						23						0.00003		0.00083		0.01339		0.15999						17.6		26.3991199569		35.1707219153		43.41084		44.352528

						24								0.00045		0.007747		0.122197								26.4		35.18416		43.659132		46.3479984

						25								0.00020		0.00417		0.08987								26.4		35.1929766767		43.8165774713		48.0550250661

						26								0.0001		0.002473		0.067261								26.4		35.19648		43.891188		49.2486192

						27								0.00005		0.001347		0.048021								26.4		35.19824		43.940732		50.2644912

						28										0.000734		0.034284										35.2		43.967704		50.9898048

						29										0.0004		0.02447										35.2		43.9824		51.507984

						30										0.00020		0.01667										35.2		43.9912208458		51.9199974664

						31										0.0001		0.010275										35.2		43.9956		52.25748

						32										0.00005		0.005853										35.2		43.9978		52.4909616

						33										0.00002		0.003334										35.2		43.99912		52.6239648

						34												0.001899														52.6997328

						35												0.001														52.7472

						36												0.000575														52.76964

						37												0.000302														52.7840544

						38												0.000159														52.7916048

						39												0.0000833279														52.7956002895

						40												0.00004														52.797888





		



TFC1

TFC2

TFC3

TFC4

TFC5

TFC6

C/Ic (dB)

BLER



		



TFC1

TFC2

TFC3

TFC4

TFC5

TFC6

C/Ic (dB)

Throughput (kbps)

FLO Throuput curves (20ms interleaving)



		

						Transport format combination		C/Ic (dB)		BLER		RBER				Transport format combination		C/Ic (dB)		BLER		RBER

						TFC1		5.13		0.048417						TFC4		5.14		1.000000

								7.13		0.006607								7.14		0.924230

								12.14		3.33E-05								10.14		0.630957

																		12.14		0.346737

						TFC2		5.13		0.436516								15.14		0.072778

								7.13		0.180053								17.14		0.016788

								10.13		1.995E-02								20.14		0.000733

								12.13		0.002399

																TFC5		5.14		1.000000

						TFC3		5.14		0.858025								7.14		1.000000

								7.14		0.616595								12.14		0.770903

								10.14		0.200447								17.14		0.168112

								12.14		0.055976								23.14		0.002799

								15.14		0.003162								25.14		0.000533

								17.14		0.000367								28.14		0.000067

						control(  23 octets)										TFC6		5.14		1.000000

																		7.14		1.000000

								5.14		0.053174								10.14		1.000000

								7.14		0.008568								12.14		0.982200

								10.14		0.000067								15.14		0.870964

																		17.14		0.696627

																		20.14		0.367282

																		25.14		0.060954

																		30.14		0.007101





		



TFC1

TFC2

TFC3

TFC4

TFC5

TFC6

C/Ic(dB)

BLER - TrCh x

BLER for transport channels with 40ms interleaving



		

												BLER																Throughput (kbits/s)

						C/Ic (dB)		TFC1		TFC2		TFC3		TFC4		TFC5		TFC6		Control				TFC1		TFC2		TFC3		TFC4		TFC5		TFC6

						-5		1		1		1		1		1		1		1				0		0		0		0		0		0

						-4		0.98		1		1		1		1		1		0.98				0.176		0		0		0		0		0

						-3		0.95		1		1		1		1		1		0.95				0.44		0		0		0		0		0

						-2		0.88		1		1		1		1		1		0.88				1.056		0		0		0		0		0

						-1		0.79		0.98		1		1		1		1		0.79				1.848		0.352		0		0		0		0

						0		0.67		0.95		1		1		1		1		0.67				2.904		0.88		0		0		0		0

						1		0.50000		0.90000		1		1		1		1		0.50000				4.4		1.76		0		0		0		0

						2		0.35000		0.80000		1		1		1		1		0.35000				5.72		3.52		0		0		0		0

						3		0.20000		0.70000		0.98		1		1		1		0.20000				7.04		5.28		0.528		0		0		0

						4		0.10000		0.60000		0.96		1		1		1		0.10000				7.92		7.04		1.056		0		0		0

						5		0.048417		0.436516		0.858025		1.000000		1.000000		1.000000		0.053174				8.3739283165		9.9173213526		3.7481369713		0		0		0

						6		0.02		0.30000		0.78		0.96		1		1		0.02				8.624		12.32		5.808		1.408		0		0

						7		0.006607		0.180053		0.616595		0.924230		1.000000		1.000000		0.008568				8.7418589766		14.4310698405		10.1218919509		2.6671085974		0		0

						8		2.40E-03		0.12		0.45		0.88		0.98		1		2.40E-03				8.77888		15.488		14.52		4.224		0.88		0

						9		0.0008		0.06		0.3		0.78		0.95		1		0.0008				8.79296		16.544		18.48		7.744		2.2		0

						10		0.0003		1.995E-02		0.200447		0.630957		0.9		1.000000		0.000067				8.79736		17.2488338326		21.1081938478		12.9903014743		4.4		0

						11		0.0001		0.007		0.1		0.47		0.8		0.99						8.79912		17.4768		23.76		18.656		8.8		0.528

						12		3.33E-05		0.002399		0.055976		0.346737		0.770903		0.982200						8.7997065848		17.5577805406		24.9222399321		22.9948628641		10.0802473612		0.9398316167

						13				0.00085		0.025		0.23		6.50E-01		0.95						8.8		17.58504		25.74		27.104		15.4		2.64

						14				0.00018		0.009		0.13		5.00E-01		9.20E-01						8.8		17.596832		26.1624		30.624		22		4.224

						15				0.00005		0.003162		0.072778		0.4		0.870964						8.8		17.59912		26.3165158698		32.638215088		26.4		6.8131224503

						16						0.001		0.035		0.25		0.78						8.8		17.6		26.3736		33.968		33		11.616

						17						0.000367		0.016788		0.168112		0.696627						8.8		17.6		26.3903193632		34.6090609856		36.6030501123		16.018120055

						18						0.0001		0.007		0.1		0.58						8.8		17.6		26.39736		34.9536		39.6		22.176

						19								0.0024		0.05		0.48000						8.8		17.6		26.4		35.11552		41.8		27.456

						20								0.000733		0.025		0.367282						8.8		17.6		26.4		35.1741855627		42.9		33.4074945337

						21								0.0002		0.014		0.27						8.8		17.6		26.4		35.19296		43.384		38.544

						22								0.00007		0.006		0.19						8.8		17.6		26.4		35.197536		43.736		42.768

						23										0.002799		0.13						8.8		17.6		26.4		35.2		43.8768448219		45.936

						24										0.0012		0.09						8.8		17.6		26.4		35.2		43.9472		48.048

						25										0.000533		0.060954						8.8		17.6		26.4		35.2		43.9765332646		49.5816451826

						26										0.00025		0.04						8.8		17.6		26.4		35.2		43.989		50.688

						27										0.0001		0.025						8.8		17.6		26.4		35.2		43.9956		51.48

						28										0.000030		0.016						8.8		17.6		26.4		35.2		43.99868		51.9552

						29												0.011						8.8		17.6		26.4		35.2		44		52.2192

						30												0.007101						8.8		17.6		26.4		35.2		44		52.4250840452

						31												0.005						8.8		17.6		26.4		35.2		44		52.536

						32												0.003						8.8		17.6		26.4		35.2		44		52.6416

						33												0.0019						8.8		17.6		26.4		35.2		44		52.69968

						34												0.001						8.8		17.6		26.4		35.2		44		52.7472

						35												0.0005						8.8		17.6		26.4		35.2		44		52.7736

						36												0.0002						8.8		17.6		26.4		35.2		44		52.78944

						37												0.00008						8.8		17.6		26.4		35.2		44		52.795776

						38

						39

						40





		



Control



		



TFC1

TFC2

TFC3

TFC4

TFC5

TFC6

C/Ic (dB)

Throughput (kbps)

FLO throughput for 40 ms interleaving



		

						Transport format combination		C/Ic (dB)		BLER		RBER

						TFC1		5.13		0.01400

								7.13		0.00070

						TFC2		5.14		0.42073

								7.14		0.11220

								10.14		0.00398

								12.14		0.00027

						TFC3		5.14		0.92470

								7.14		0.67273

								10.14		0.15083

								12.14		0.02455

								15.14		0.00077

								17.14		0.00003

						TFC4		5.14		1.0

								7.14		1.0

								10.14		0.68250

								12.14		0.32359

								15.14		0.03730

								17.14		0.00517

								20.14		0.00023

						TFC5		5.14		1.0

								7.14		1.0

								12.14		0.8587169

								17.14		0.144544

								23.14		0.0008667

								25.14		0.00019953

								28.14		0.0000333

						TFC6		5.14		1

								7.14		1

								10.14		1

								15.14		0.9388581919

								20.14		0.3818264415

								25.14		0.0323593657

								30.14		0.001800114





		



TFC1

TFC2

TFC3

TFC4

TFC5

TFC6

C/Ic (dB)

BLER - TrCh x

BLER for transport channels with 80ms interleaving



		

										LUT 40ms

												BLER																Throughput (kbits/s)

						C/Ic (dB)		TFC1		TFC2		TFC3		TFC4		TFC5		TFC6		Control				TFC1		TFC2		TFC3		TFC4		TFC5		TFC6

						-5		1		1		1		1		1		1		1				0		0		0		0		0		0

						-4		0.98		1		1		1		1		1		0.98				0.176		0		0		0		0		0

						-3		0.95		1		1		1		1		1		0.95				0.44		0		0		0		0		0

						-2		0.88		1		1		1		1		1		0.88				1.056		0		0		0		0		0

						-1		0.79		0.98		1		1		1		1		0.79				1.848		0.352		0		0		0		0

						0		0.67		0.95		1		1		1		1		0.67				2.904		0.88		0		0		0		0

						1		0.50000		0.90000		1		1		1		1		0.50000				4.4		1.76		0		0		0		0

						2		0.35000		0.80000		1		1		1		1		0.35000				5.72		3.52		0		0		0		0

						3		0.20000		0.70000		0.98		1		1		1		0.20000				7.04		5.28		0.528		0		0		0

						4		0.10000		0.60000		0.93		1		1		1		0.10000				7.92		7.04		1.848		0		0		0

						5		0.048417		0.436516		0.858025		1.000000		1.000000		1.000000		0.053174				8.3739283165		9.9173213526		3.7481369713		0		0		0

						6		0.02		0.30000		0.75		0.96		1		1		0.02				8.624		12.32		6.6		1.408		0		0

						7		0.006607		0.180053		0.616595		0.924230		1.000000		1.000000		0.008568				8.7418589766		14.4310698405		10.1218919509		2.6671085974		0		0

						8		2.40E-03		0.12		0.45		0.88		0.98		1		2.40E-03				8.77888		15.488		14.52		4.224		0.88		0

						9		0.0008		0.06		0.3		0.78		0.95		1		0.0008				8.79296		16.544		18.48		7.744		2.2		0

						10		0.0003		1.995E-02		0.200447		0.650000		0.92		1.000000		0.000067				8.79736		17.2488338326		21.1081938478		12.32		3.52		0

						11		0.0001		0.007		0.1		0.47		0.86		0.99						8.79912		17.4768		23.76		18.656		6.16		0.528

						12		3.33E-05		0.002399		0.055976		0.346737		0.770903		0.982200						8.7997065848		17.5577805406		24.9222399321		22.9948628641		10.0802473612		0.9398316167

						13				0.00085		0.025		0.23		7.00E-01		0.96						8.8		17.58504		25.74		27.104		13.2		2.112

						14				0.00018		0.009		0.13		5.60E-01		9.20E-01						8.8		17.596832		26.1624		30.624		19.36		4.224

						15				0.00005		0.003162		0.072778		0.4		0.870964						8.8		17.59912		26.3165158698		32.638215088		26.4		6.8131224503

						16						0.001		0.035		0.25		0.78						8.8		17.6		26.3736		33.968		33		11.616

						17						0.000367		0.016788		0.168112		0.696627						8.8		17.6		26.3903193632		34.6090609856		36.6030501123		16.018120055

						18						0.0001		0.007		0.1		0.58						8.8		17.6		26.39736		34.9536		39.6		22.176

						19								0.0024		0.05		0.48000						8.8		17.6		26.4		35.11552		41.8		27.456

						20								0.000733		0.025		0.367282						8.8		17.6		26.4		35.1741855627		42.9		33.4074945337

						21								0.0002		0.014		0.27						8.8		17.6		26.4		35.19296		43.384		38.544

						22								0.00007		0.006		0.19						8.8		17.6		26.4		35.197536		43.736		42.768

						23										0.002799		0.13						8.8		17.6		26.4		35.2		43.8768448219		45.936

						24										0.0012		0.09						8.8		17.6		26.4		35.2		43.9472		48.048

						25										0.000533		0.060954						8.8		17.6		26.4		35.2		43.9765332646		49.5816451826

						26										0.00025		0.04						8.8		17.6		26.4		35.2		43.989		50.688

						27										0.0001		0.025						8.8		17.6		26.4		35.2		43.9956		51.48

						28										0.000030		0.016						8.8		17.6		26.4		35.2		43.99868		51.9552

						29												0.011						8.8		17.6		26.4		35.2		44		52.2192

						30												0.007101						8.8		17.6		26.4		35.2		44		52.4250840452

						31												0.005						8.8		17.6		26.4		35.2		44		52.536

						32												0.003						8.8		17.6		26.4		35.2		44		52.6416

						33												0.0019						8.8		17.6		26.4		35.2		44		52.69968

						34												0.001						8.8		17.6		26.4		35.2		44		52.7472

						35												0.0005						8.8		17.6		26.4		35.2		44		52.7736

						36												0.0002						8.8		17.6		26.4		35.2		44		52.78944

						37												0.00008						8.8		17.6		26.4		35.2		44		52.795776

						38

						39

						40

												80ms interleaving

												BLER														Throughput (kbits/s)

						C/Ic (dB)		TFC1		TFC2		TFC3		TFC4		TFC5		TFC6				TFC1		TFC2		TFC3		TFC4		TFC5		TFC6

						-5		0.98		1		1		1		1		1				0.176		0		0		0		0		0

						-4		0.95		1		1		1		1		1				0.44		0		0		0		0		0

						-3		0.9		1		1		1		1		1				0.88		0		0		0		0		0

						-2		0.8		1		1		1		1		1				1.76		0		0		0		0		0

						-1		0.7		0.98		1		1		1		1				2.64		0.352		0		0		0		0

						0		0.6		0.95		1		1		1		1				3.52		0.88		0		0		0		0

						1		0.45000		0.90000		1		1		1		1				4.84		1.76		0		0		0		0

						2		0.30000		0.80000		1		1		1		1				6.16		3.52		0		0		0		0

						3		0.15000		0.70000		0.99		1		1		1				7.48		5.28		0.264		0		0		0

						4		0.05000		0.60000		0.97		1		1		1				8.36		7.04		0.792		0		0		0

						5		0.01400		0.42073		0.92470		1.0		1.0		1				8.6767966059		10.1952113404		1.987968208		0		0		0

						6		0.004		0.2833		0.8065		0.98		1		1				8.7648		12.61392		5.1084		0.704		0		0

						7		0.00070		0.11220		0.67273		0.9		1.0		1				8.7938470601		15.6252475204		8.6399605199		2.464		0		0

						8		1.70E-04		0.043082		0.438211		0.896278		0.98		1				8.798504		16.8417568		14.8312296		3.6510144		0.88		0

						9		0.00003		0.014155		0.266221		0.789121		0.9600		1				8.799736		17.350872		19.3717656		7.4229408		1.76		0

						10				0.00398		0.15083		0.68250		0.93		1				8.8		17.529933138		22.4179755082		11.1761469064		3.08		0

						11				0.001251		0.069097		0.49515		0.9		0.9892				8.8		17.5779824		24.5758392		17.77072		4.4		0.57024

						12				0.00027		0.02455		0.32359		0.85000		0.97680				8.8		17.5953063288		25.7519568463		23.8095032761		6.6		1.2248016

						13				0.00005		0.0091		0.174189		0.75		9.70E-01				8.8		17.59912		26.15976		29.0685472		11		1.584

						14				0.00001		0.00287		0.084773		0.60000		9.60E-01				8.8		17.599824		26.324232		32.2159904		17.6		2.112

						15						0.00077		0.03730		4.00E-01		0.9388581919				8.8		17.6		26.3797603067		33.8870062359		26.4		3.2282874691

						16						0.000191		0.015947		2.60E-01		0.85				8.8		17.6		26.3949576		34.6386656		32.56		7.92

						17						0.00003		0.00517		0.144544		0.75				8.8		17.6		26.3991197543		35.0181293314		37.6400650087		13.2

						18						0.00001		0.002118		0.06125		0.65				8.8		17.6		26.399736		35.1254464		41.305		18.48

						19								0.000751		0.02595		0.52				8.8		17.6		26.4		35.1735648		42.8582		25.344

						20								0.00023		0.011		0.3818264415				8.8		17.6		26.4		35.1917862276		43.516		32.6395638894

						21								0.00008		0.004716		0.24975				8.8		17.6		26.4		35.197184		43.792496		39.6132

						22								0.00002		0.00202		0.152452				8.8		17.6		26.4		35.199296		43.911032		44.7505344

						23										0.0008667		0.093059				8.8		17.6		26.4		35.2		43.9618650943		47.8864848

						24										0.000416		0.056805				8.8		17.6		26.4		35.2		43.981696		49.800696

						25										0.00019953		0.0323593657				8.8		17.6		26.4		35.2		43.9912208458		51.0914254914

						26										0.00011		0.019688				8.8		17.6		26.4		35.2		43.99516		51.7604736

						27										0.00006		0.011047				8.8		17.6		26.4		35.2		43.997359296		52.2167184

						28										0.0000333		0.00612				8.8		17.6		26.4		35.2		43.9985332616		52.476864

						29												0.003478				8.8		17.6		26.4		35.2		44		52.6163616

						30												0.001800114				8.8		17.6		26.4		35.2		44		52.7049539829

						31												0.0008				8.8		17.6		26.4		35.2		44		52.75776

						32												0.0002				8.8		17.6		26.4		35.2		44		52.78944

						33												0.00008				8.8		17.6		26.4		35.2		44		52.795776

						34												0.00003				8.8		17.6		26.4		35.2		44		52.798416

						35																8.8		17.6		26.4		35.2		44		52.8

						36																8.8		17.6		26.4		35.2		44		52.8

						37																8.8		17.6		26.4		35.2		44		52.8

						38																8.8		17.6		26.4		35.2		44		52.8

						39																8.8		17.6		26.4		35.2		44		52.8

						40																8.8		17.6		26.4		35.2		44		52.8
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												BLER														Throughput (kbits/s)

						C/Ic (dB)		TFC1		TFC2		TFC3		TFC4		TFC5		TFC6				TFC1		TFC2		TFC3		TFC4		TFC5		TFC6

						-5		0.98		1		1		1		1		1				0.176		0		0		0		0		0

						-4		0.95		1		1		1		1		1				0.44		0		0		0		0		0

						-3		0.9		1		1		1		1		1				0.88		0		0		0		0		0

						-2		0.8		1		1		1		1		1				1.76		0		0		0		0		0

						-1		0.7		1		1		1		1		1				2.64		0		0		0		0		0

						0		0.6		0.95		1		1		1		1				3.52		0.88		0		0		0		0

						1		0.45000		0.90000		1		1		1		1				4.84		1.76		0		0		0		0

						2		0.30000		0.80000		1		1		1		1				6.16		3.52		0		0		0		0

						3		0.15000		0.70000		0.98		1		1		1				7.48		5.28		0.528		0		0		0

						4		0.05000		0.60000		0.95		1		1		1				8.36		7.04		1.32		0		0		0

						5		0.01400		0.42073		0.92470		1.0		1.0		1				8.6767966059		10.1952113404		1.987968208		0		0		0

						6		0.004		0.2833		0.8065		1		1		1				8.7648		12.61392		5.1084		0		0		0

						7		0.00070		0.11220		0.67273		1.0		1.0		1				8.7938470601		15.6252475204		8.6399605199		0		0		0

						8		1.70E-04		0.043082		0.438211		0.896278		0.96992		1				8.798504		16.8417568		14.8312296		3.6510144		1.32352		0

						9		0.00003		0.014155		0.266221		0.789121		0.9408		1				8.799736		17.350872		19.3717656		7.4229408		2.6048		0

						10				0.00398		0.15083		0.68250		0.91259		1				8.8		17.529933138		22.4179755082		11.1761469064		3.84604		0

						11				0.001251		0.069097		0.49515		0.885		0.9892				8.8		17.5779824		24.5758392		17.77072		5.06		0.57024

						12				0.00027		0.02455		0.32359		0.85872		0.97680				8.8		17.5953063288		25.7519568463		23.8095032761		6.216457281		1.2248016

						13				0.00005		0.0091		0.174189		0.75		9.65E-01				8.8		17.59912		26.15976		29.0685472		11		1.871496

						14				0.00001		0.00287		0.084773		0.60000		9.41E-01				8.8		17.599824		26.324232		32.2159904		17.6		3.1416

						15						0.00077		0.03730		4.00E-01		0.9388581919				8.8		17.6		26.3797603067		33.8870062359		26.4		3.2282874691

						16						0.000191		0.015947		2.60E-01		0.85				8.8		17.6		26.3949576		34.6386656		32.56		7.92

						17						0.00003		0.00517		0.144544		0.75				8.8		17.6		26.3991197543		35.0181293314		37.6400650087		13.2

						18						0.00001		0.002118		0.06125		0.65				8.8		17.6		26.399736		35.1254464		41.305		18.48

						19								0.000751		0.02595		0.52				8.8		17.6		26.4		35.1735648		42.8582		25.344

						20								0.00023		0.011		0.3818264415				8.8		17.6		26.4		35.1917862276		43.516		32.6395638894

						21								0.00008		0.004716		0.24975				8.8		17.6		26.4		35.197184		43.792496		39.6132

						22								0.00002		0.00202		0.152452				8.8		17.6		26.4		35.199296		43.911032		44.7505344

						23										0.0008667		0.093059				8.8		17.6		26.4		35.2		43.9618650943		47.8864848

						24										0.000416		0.056805				8.8		17.6		26.4		35.2		43.981696		49.800696

						25										0.00019953		0.0323593657				8.8		17.6		26.4		35.2		43.9912208458		51.0914254914

						26										0.00011		0.019688				8.8		17.6		26.4		35.2		43.99516		51.7604736

						27										0.00006		0.011047				8.8		17.6		26.4		35.2		43.997359296		52.2167184

						28										0.0000333		0.00612				8.8		17.6		26.4		35.2		43.9985332616		52.476864

						29												0.003478				8.8		17.6		26.4		35.2		44		52.6163616

						30												0.001800114				8.8		17.6		26.4		35.2		44		52.7049539829

						31												0.0008				8.8		17.6		26.4		35.2		44		52.75776

						32												0.0002				8.8		17.6		26.4		35.2		44		52.78944

						33												0.00008				8.8		17.6		26.4		35.2		44		52.795776

						34												0.00003				8.8		17.6		26.4		35.2		44		52.798416

						35																8.8		17.6		26.4		35.2		44		52.8

						36																8.8		17.6		26.4		35.2		44		52.8

						37																8.8		17.6		26.4		35.2		44		52.8

						38																8.8		17.6		26.4		35.2		44		52.8

						39																8.8		17.6		26.4		35.2		44		52.8

						40																8.8		17.6		26.4		35.2		44		52.8
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TFC1

TFC2

TFC3

TFC4

TFC5

TFC6

C/Ic (dB)

BLER

FLO throughput for 80ms interleaving



		

								MCS1				MCS2				MCS3				MCS4				MCS5				MCS6				MCS7				MCS9												Throughput

						C/Ic		BLER		RBER		BLER		RBER		BLER		RBER		BLER		RBER		BLER		RBER		BLER		RBER		BLER		RBER		BLER		RBER						MCS2		MCS5		MCS6		MCS7		MCS9

						0		1				1												1				1				1				1								0		0		0		0		0

						1		0.9				1				0.954992586								1				1				1				1								0		0		0		0		0

						2		0.7				0.95				0.91026								1				1				1				1								0.44		0		0		0		0

						3		0.52				0.85				0.867628								1				1				1				1								1.32		0		0		0		0

						4		0.41				0.7				0.8269895086								1				1				1				1								2.64		0		0		0		0

						5		0.28				0.55				0.735868								0.9				0.95				1				0.997011115								3.96		2.24		1.48		0		0.176941991

						6		0.17				0.4				0.654787								0.8				0.85				1				0.998								5.28		4.48		4.44		0		0.1184

						7		0.1				0.28				0.5826396016								0.65				0.72				1				0.990375755								6.336		7.84		8.288		0		0.5697553058

						8		0.06				0.2				0.475262								0.45				0.6				1				0.98								7.04		12.32		11.84		0		1.184

						9		0.034				0.12				0.387674								0.3				0.5				0.99				0.96								7.744		15.68		14.8		0.448		2.368

						10		0.017				0.074				0.316227766								0.2				0.35				0.95				0.94								8.1488		17.92		19.24		2.24		3.552

						11		0.007				0.04				0.251189								0.12				0.25				0.9				0.92								8.448		19.712		22.2		4.48		4.736

						12		0.0028				0.022				0.199526								0.077				0.18				0.78				0.908657049								8.6064		20.6752		24.272		9.856		5.4075027017

						13		0.001				0.01				0.14								0.041				0.12				0.65				0.88								8.712		21.4816		26.048		15.68		7.104

						14		0.00038				0.0055				0.1								0.022				0.08				0.51				0.85								8.7516		21.9072		27.232		21.952		8.88

						15		0.00015				0.0021				0.0630957344								0.011				0.04				0.42				0.8								8.78152		22.1536		28.416		25.984		11.84

						16		0.000049				0.001				0.04256								0.006				0.025				0.3				0.71								8.7912		22.2656		28.86		31.36		17.168

						17		0.00002				0.00038				0.0287078058								0.0027				0.012				0.22				0.6546361741								8.796656		22.33952		29.2448		34.944		20.4455384952

						18		0				0.00012				0.017593								0.001				0.006				0.17				0.56								8.798944		22.3776		29.4224		37.184		26.048

						19		0				0.00005				0.010781								0.00031				0.0031				0.12				0.5								8.79956		22.393056		29.50824		39.424		29.6

						20		0				0				0.0066069345								0.0001				0.0011				0.08				0.42								8.8		22.39776		29.56744		41.216		34.336

						21		0				0				0.004266								0.00004				0.00038				0.049				0.37								8.8		22.399104		29.588752		42.6048		37.296

						22		0				0				0.0027542287												0.0001				0.029				0.3								8.8		22.4		29.59704		43.5008		41.44

						23		0				0				0.001507												0.00004				0.018				0.2621802662								8.8		22.4		29.598816		43.9936		43.6789282439

						24		0				0				0.000824																0.01				0.21								8.8		22.4		29.6		44.352		46.768

						25		0				0				0.0004508167																0.0057				0.1717908387								8.8		22.4		29.6		44.54464		49.029982348

						26		0				0																				0.003				0.14								8.8		22.4		29.6		44.6656		50.912

						27		0				0																				0.0018				0.11								8.8		22.4		29.6		44.71936		52.688

						28		0				0																				0.00075				0.0831763771								8.8		22.4		29.6		44.7664		54.2759584751

						29		0				0																				0.0004				0.063								8.8		22.4				44.78208		55.4704

						30		0				0																				0.00013				0.0522396189								8.8						44.794176		56.1074145611

						31																														0.04								8.8						44.8		56.832

						32																														0.03								8.8						44.8		57.424

						33																														0.02																58.016

						34																														0.012																58.4896

						35																														0.007																58.7856

																																																				59.2

																																																				59.2

																																																				59.2





		



MCS2

MCS5

MCS6

MCS7

MCS9

C/Ic (dB)

Throughput (kbps)

EGPRS throughput



		

		Link adaptation thresholds

						20 ms interleaving

								20% BLER		10% BLER		Optimised						MCS		optimised

						Transport format combination		Lower Threshold		Upper threshold

						1		-100		-100		-100						2		-100

						2		7.8		9		3.5						5		6.2

						3		11		12		8.2						6		9.8

						4		14		15.8		12.1						7		15.8

						5		17		19		16.3						9		23.3

						6		22		24.5		22.5

						40 ms interleaving

								20% BLER		10% BLER

						Transport format combination		Lower Threshold		Upper threshold

						1		-100		-100		-100

						2		6.5		7.1		4.8

						3		9.4		10.5		8

						4		12.8		13.8		12.5

						5		16.3		17.5		16

						6		21.5		23		22

						80 ms interleaving

								20% BLER		10% BLER

						Transport format combination		Lower Threshold		Upper threshold

						1		"-100 (2.5)"		"-100 (3.5)"

						2		6.3		7.1		4.8

						3		9.6		10.5		8.5

						4		12.8		13.8		12.5

						5		16.3		17.5		16.5

						6		21.5		22.9		21.5





		

										Transport Format Combination Set

										Transport Format		Modulation Type		Source data size per 20ms RB [octets]		Header size (bits)		Total block size (bits)		CRC size[bits]		Tail bits		E + FBI		Encoder input		Coding Rate		Encoder output		Rate matching factor		Gross code rate (nearest fraction)		Bits per RB		TFCI		coded TFCI		bits per RB

										1		8PSK		22		16		192		12		6		2		212		1/3		636		2.11		1/6		1344		3		48		1392

										2		8PSK		44		32		384		24		12		4		424		1/3		1272		1.06		1/3		1344		3		48		1392

										3		8PSK		66		48		576		36		18		6		636		1/3		1908		0.70		1/2		1344		3		48		1392

										4		8PSK		88		64		768		48		24		8		848		1/3		2544		0.53		5/8		1344		3		48		1392

										5		8SPK		110		80		960		60		30		10		1060		1/3		3180		0.42		4/5		1344		3		48		1392

										6		8PSK		132		96		1152		72		36		12		1272		1/3		3816		0.35		1		1344		3		48		1392

										7 (D/L control)		8PSK		23		16		200		12		6		0		218		1/3		654		2.06		1/6		1344		3		48		1392

										U/L control		8PSK		23		16		200		12		6		0		218		1/3		654		2.06		1/6		1344		3		48		1392

										Header size: 2 octets

										Header and data coded together
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