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1 Introduction
HFN de-synchronization between the Sender and the Receiver has been a well-known problem in RLC UM entities and its solution is still open. One situation causing HFN de-synchronization is due to loss of more than 128 (the 7-bit SN space) consecutive UMD PDUs. Currently, there are several proposals to solve the HFN de-synchronization problem: 

(1)  Increase the SN space by increasing the bit length of SN field [1][2][7]. This can reduce the probability of HFN de-synchronization at a cost of overhead with extra bits for each PDU. 

(2)  Use larger PDU size [3]. This can alleviate the problem a little bit at no apparent cost.  However, the improvement of this solution is limited. 

(3)  Detect HFN de-synchronization by illegal Length Indicators [4][5] and re-establish the UM entity [4] or reset AM entity [5] when HFN de-synchronization is detected.

(4) Detect HFN de-synchronization by illegal Length Indicators and recover HFN synchronization on line [8]. In [8], CRC residue errors are considered so that the solution is quite complicated.

In this contribution, to simplify the solution proposed by [8], CRC residue errors are considered as rarely possible so that they can be neglected. To solve the problem of HFN de-synchronization in UM, on-line recovery of HFN synchronization is proposed for discussion and decision.
2 Detection of HFN de-synchronization 
It is well-known that missing more than 128 consecutive UMD PDUs will induce HFN de-synchronization. In [4] and [5], it has been indicated that illegal LIs in deciphered PDUs can be used to detect HFN de-synchronization. Illegal LIs can be: 

(1) There are both Starting LI and Exact LI in a PDU. 

(2) There are both Starting LI and One-short LI in a PDU. 

(3) The Starting LI, Exact LI, or One-short LI is not the first LI in a PDU. 

(4) The Padding LI is not the last LI in a PDU. 

(5) An LI value in a PDU is reserved and not allowed to use. 

(6) The value of an Ending LI is larger than the number of octets that can accommodate SDU data in a PDU. 

(7) There are two or more Ending LIs in a PDU and they are not in strictly ascending order. 

Among the seven types of illegal LIs, (6) and (7) are the two dominant occasions of illegal LIs. Besides, for PDU of size 125 octets and 7-bit LI, (6) has a probability of zero and (7) is the only dominant occasion of illegal LIs. For 7-bit LI, it can be expected that, as the PDU size increases, the illegal LI detection rate decreases. Figure 1 shows the simulation result of illegal LI detection rate. For PDU size less than and equal to 125 octets, 7-bit LI was used in the simulation. Else, 15-bit LI was used.  The F8 function was used as the ciphering algorithm in the simulation. For PDUs without LI field, HFN de-synchronization is undetectable. Therefore PDUs without LI field was not counted in the simulation. From the simulation result shown in Figure 1, the minumum illegal LI detection rate is 37%.
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Figure 1.  Illegal LI detection rate

On-line recovery of HFN synchronization

Note that when 128 <= N < 256, where N is the number of consecutive missing UMD PDUs, the HFN in the Sender is greater than HFN in the Receiver by one. For 256 <= N < 384, the HFN in the sender is greater than HFN in the Receiver by 2. With this observation, we propose an algorithm of on-line recovery of HFN synchronization as follows:

 [On-line HFN synchronization recovery] If an illegel LI is detected in a deciphered UMD PDU, HFN used for deciphering is incremented by one and the UMD PDU is deciphered again with the new HFN value. The precedure can be iterated until no illegal LI is detected in the deciphered UMD PDU.
For example, the Receiver receives a sequence of UMD PDU with SN = 0, 1, 2, 6, 7, 8, 9, 10, etc. Please see Table 1. For simplicity, suppose every PDU contains LI fields. In this example, we assume there are 256 + 3 = 259 PDUs missing between the third PDU (SN = 2) and the fourth PDU (SN = 6). All LIs in PDUs of SN = 0, 1, 2, 6 and 7 are legal with HFN = 0. ( For SN = 6 and 7, illegal LIs are not detected with HFN = 0.) For SN =8, illegal LI is detected with HFN = 0.Thus, SN =8 is deciphered again with HFN = 1 and the result still shows illegal LI. Thus, SN=8 is deciphered again with HFN =2. There is no illegal LI detected with HFN = 2.  Afterwards, PDUs of SN = 9, 10, … contain legal LIs with HFN =2.  HFN synchronization is recovered.

	HFN in the Sender
	0
	0
	0
	2
	2
	2
	2
	2

	Received SN sequence (with LI field )
	0
	1
	2
	6
	7
	8
	9
	10

	Illegal LI detected

with HFN = 0
	No
	No
	No
	No
	No
	Yes
	
	

	Illegal LI detected

with HFN = 1
	
	
	
	
	
	Yes
	
	

	Illegal LI detected

with HFN = 2
	
	
	
	
	
	No
	No
	No


Table 1. Example of on-line recovery of HFN synchronization
Abnormal cases

The needed number of iterations in the above proposal corresponds to the HFN difference between the Sender and the Receiver. Mostly, it will be one or two in practice. A maximum number of iterations can be predefined. This number can be dependent on implementation or be configured by upper layers. We propose it to be implementation dependent and not to be specified in the specification. 

If illegal LI is detected after a predefined number of iterations, unrecoverable HFN synchronization error is indicated to upper layer. 

3 Conclusion

A solution to solve HFN de-synchronization problem is proposed in this document for discussion and decision. 

Note that the proposal solves the problem cleanly without extra data bit overhead.

If the proposal is agreed, a CR can be provided accordingly.
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data

																△HFN = 1		△HFN = 1		△HFN = 2		△HFN = 2

																SDU=1000		SDU=1500		SDU=1000		SDU=1500

		LI 7		10		9578		10000		95.78						9624		9588		9609		9564

		LI 7		15		9419		10000		94.19						9389		9446		9414		9396

		LI 7		20		9210		10000		92.1						9182		9202		9209		9194

		LI 7		25		8983		10000		89.83						8995		8919		8875		8979

		LI 7		30		8743		10000		87.43						8768		8779		8727		8746

		LI 7		35		8542		10000		85.42						8520		8516		8470		8553

		LI 7		40		8292		10000		82.92						8313		8308		8222		8366

		LI 7		45		8101		10000		81.01						8105		8096		8001		8102

		LI 7		50		7834		10000		78.34						7828		7872		7918		7871

		LI 7		55		7614		10000		76.14						7570		7556		7613		7610

		LI 7		60		7365		10000		73.65						7376		7350		7329		7337

		LI 7		65		7104		10000		71.04						7128		7091		7070		7147

		LI 7		70		6867		10000		68.67						6891		6829		6872		6839

		LI 7		75		6637		10000		66.37						6675		6594		6611		6629

		LI 7		80		6292		10000		62.92						6423		6378		6343		6362

		LI 7		85		6137		10000		61.37						6105		6029		6107		6080

		LI 7		90		5810		10000		58.1						5769		5847		5837		5778

		LI 7		95		5534		10000		55.34						5525		5450		5468		5556

		LI 7		100		5253		10000		52.53						5183		5174		5266		5260

		LI 7		105		4948		10000		49.48						4941		4976		4942		4934

		LI 7		110		4664		10000		46.64						4612		4674		4600		4711

		LI 7		115		4350		10000		43.5						4400		4282		4344		4352

		LI 7		120		4095		10000		40.95						4071		3999		4048		3926

		LI 7		125		3762		10000		37.62						3709		3671		3734		3854

		LI 15		130		9963		10000		99.63						9957		9967		9967		9975

		LI 15		135		9960		10000		99.6						9954		9966		9953		9960

		LI 15		140		9959		10000		99.59						9950		9955		9957		9962

		LI 15		145		9970		10000		99.7						9954		9955		9956		9959

		LI 15		150		9961		10000		99.61						9947		9965		9960		9964

		LI 15		155		9954		10000		99.54						9957		9970		9949		9959

		LI 15		160		9980		10000		99.8						9958		9961		9972		9961

		LI 15		165		9964		10000		99.64						9948		9964		9961		9962

		LI 15		170		9965		10000		99.65						9957		9968		9968		9960

		LI 15		175		9961		10000		99.61						9940		9973		9960		9965

		LI 15		180		9953		10000		99.53						9953		9960		9958		9953

		LI 15		185		9955		10000		99.55						9950		9958		9962		9956

		LI 15		190		9966		10000		99.66						9963		9966		9949		9952

		LI 15		195		9962		10000		99.62						9951		9968		9953		9953

		LI 15		200		9951		10000		99.51						9956		9963		9957		9956

		LI 15		205		9966		10000		99.66						9959		9968		9933		9973

		LI 15		210		9966		10000		99.66						9967		9968		9960		9968

		LI 15		215		9956		10000		99.56						9970		9966		9965		9968

		LI 15		220		9958		10000		99.58						9959		9972		9958		9963

		LI 15		225		9958		10000		99.58						9955		9970		9961		9960

		LI 15		230		9965		10000		99.65						9960		9972		9961		9954

		LI 15		235		9960		10000		99.6						9964		9965		9964		9956

		LI 15		240		9971		10000		99.71						9951		9953		9958		9960

		LI 15		245		9963		10000		99.63						9955		9962		9965		9953

		LI 15		250		9964		10000		99.64						9954		9960		9955		9960

		LI 15		255		9956		10000		99.56						9957		9960		9960		9955

		LI 15		260		9957		10000		99.57						9948		9958		9963		9955

		LI 15		265		9952		10000		99.52						9957		9967		9945		9962

		LI 15		270		9958		10000		99.58						9956		9965		9952		9955

		LI 15		275		9952		10000		99.52						9954		9950		9958		9954

		LI 15		280		9947		10000		99.47						9954		9944		9944		9947

		LI 15		285		9950		10000		99.5						9948		9958		9956		9954

		LI 15		290		9954		10000		99.54						9948		9957		9944		9960

		LI 15		295		9950		10000		99.5						9934		9940		9957		9959

		LI 15		300		9947		10000		99.47						9936		9949		9948		9964

		LI 15		305		9944		10000		99.44						9940		9941		9947		9952

		LI 15		310		9937		10000		99.37						9945		9941		9938		9957

		LI 15		315		9941		10000		99.41						9937		9941		9941		9940

		LI 15		320		10000		10000		100						9931		9931		9936		9951

		LI 15		325		9938		10000		99.38						9930		9944		9939		9945

		LI 15		330		9938		10000		99.38						9927		9936		9944		9945

		LI 15		335		9942		10000		99.42						9930		9939		9926		9931

		LI 15		340		9931		10000		99.31						9928		9930		9926		9931

		LI 15		345		9929		10000		99.29						9928		9926		9934		9936

		LI 15		350		9920		10000		99.2						9928		9939		9940		9919

		LI 15		355		9921		10000		99.21						9926		9933		9933		9918

		LI 15		360		9917		10000		99.17						9920		9929		9931		9923

		LI 15		365		9924		10000		99.24						9914		9932		9938		9930

		LI 15		370		9913		10000		99.13						9908		9926		9913		9914

		LI 15		375		9922		10000		99.22						9920		9912		9917		9919

		LI 15		380		9917		10000		99.17						9921		9917		9920		9930

		LI 15		385		9916		10000		99.16						9920		9924		9921		9922

		LI 15		390		9914		10000		99.14						9909		9926		9907		9919

		LI 15		395		9922		10000		99.22						9926		9923		9925		9915

		LI 15		400		9930		10000		99.3						9927		9910		9917		9919

		LI 15		405		9915		10000		99.15						9918		9928		9926		9916

		LI 15		410		9914		10000		99.14						9915		9928		9909		9915

		LI 15		415		9918		10000		99.18						9912		9922		9928		9913

		LI 15		420		9915		10000		99.15						9913		9930		9928		9915

		LI 15		425		9930		10000		99.3						9921		9927		9935		9918

		LI 15		430		9918		10000		99.18						9924		9932		9925		9922

		LI 15		435		9920		10000		99.2						9913		9932		9917		9924

		LI 15		440		9912		10000		99.12						9905		9923		9928		9915

		LI 15		445		9925		10000		99.25						9894		9925		9921		9916

		LI 15		450		9918		10000		99.18						9905		9927		9933		9915

		LI 15		455		9914		10000		99.14						9905		9941		9917		9919

		LI 15		460		9909		10000		99.09						9908		9917		9916		9906

		LI 15		465		9920		10000		99.2						9905		9910		9923		9925

		LI 15		470		9922		10000		99.22						9905		9922		9913		9905

		LI 15		475		9914		10000		99.14						9910		9920		9920		9909

		LI 15		480		9943		10000		99.43						9911		9928		9915		9917

		LI 15		485		9928		10000		99.28						9911		9919		9913		9919

		LI 15		490		9915		10000		99.15						9907		9903		9914		9921

		LI 15		495		9922		10000		99.22						9905		9916		9910		9917

		LI 15		500		9919		10000		99.19						9912		9912		9905		9916

		LI 15		505		9932		10000		99.32						9912		9915		9932		9911

		LI 15		510		9925		10000		99.25						9913		9921		9912		9910

		LI 15		515		9913		10000		99.13						9912		9927		9930		9911

		LI 15		520		9913		10000		99.13						9908		9922		9916		9906

		LI 15		525		9918		10000		99.18						9906		9930		9918		9906

		LI 15		530		9908		10000		99.08						9905		9915		9909		9903

		LI 15		535		9918		10000		99.18						9902		9926		9912		9900

		LI 15		540		9897		10000		98.97						9902		9911		9930		9901

		LI 15		545		9902		10000		99.02						9901		9921		9918		9899

		LI 15		550		9897		10000		98.97						9898		9907		9917		9892

		LI 15		555		9913		10000		99.13						9897		9913		9907		9893

		LI 15		560		9915		10000		99.15						9895		9913		9905		9891

		LI 15		565		9901		10000		99.01						9894		9909		9890		9891

		LI 15		570		9897		10000		98.97						9894		9905		9893		9889

		LI 15		575		9900		10000		99						9896		9893		9903		9887

		LI 15		580		9891		10000		98.91						9893		9906		9901		9884

		LI 15		585		9902		10000		99.02						9891		9901		9896		9880

		LI 15		590		9888		10000		98.88						9889		9901		9862		9880

		LI 15		595		9880		10000		98.8						9889		9903		9892		9879

		LI 15		600		9896		10000		98.96						9886		9906		9902		9877

		LI 15		605		9897		10000		98.97						9887		9897		9899		9878

		LI 15		610		9888		10000		98.88						9884		9895		9909		9877

		LI 15		615		9891		10000		98.91						9882		9887		9890		9874

		LI 15		620		9872		10000		98.72						9879		9885		9883		9872

		LI 15		625		9886		10000		98.86						9866		9887		9898		9879

		LI 15		630		9880		10000		98.8						9862		9887		9878		9875

		LI 15		635		9882		10000		98.82						9862		9875		9871		9874

		LI 15		640		9922		10000		99.22						9860		9880		9882		9872

		LI 15		645		9887		10000		98.87						9860		9888		9873		9872

		LI 15		650		9877		10000		98.77						9860		9884		9872		9872

		LI 15		655		9887		10000		98.87						9860		9890		9884		9873

		LI 15		660		9869		10000		98.69						9860		9885		9884		9871

		LI 15		665		9886		10000		98.86						9859		9886		9885		9873

		LI 15		670		9881		10000		98.81						9860		9875		9872		9872

		LI 15		675		9892		10000		98.92						9860		9880		9877		9873

		LI 15		680		9887		10000		98.87						9860		9882		9883		9871

		LI 15		685		9882		10000		98.82						9860		9887		9881		9871

		LI 15		690		9883		10000		98.83						9860		9887		9894		9873

		LI 15		695		9891		10000		98.91						9860		9879		9882		9873

		LI 15		700		9869		10000		98.69						9860		9883		9882		9871

		LI 15		705		9877		10000		98.77						9859		9876		9893		9872

		LI 15		710		9873		10000		98.73						9860		9892		9871		9871

		LI 15		715		9889		10000		98.89						9860		9878		9901		9871

		LI 15		720		9904		10000		99.04						9859		9882		9879		9872

		LI 15		725		9876		10000		98.76						9860		9880		9890		9873

		LI 15		730		9880		10000		98.8						9860		9881		9891		9872

		LI 15		735		9890		10000		98.9						9860		9891		9900		9870

		LI 15		740		9869		10000		98.69						9860		9890		9883		9873

		LI 15		745		9896		10000		98.96						9860		9885		9902		9873

		LI 15		750		9882		10000		98.82						9880		9887		9877		9863

		LI 15		755		9892		10000		98.92						9880		9889		9882		9864

		LI 15		760		9887		10000		98.87						9880		9888		9877		9865

		LI 15		765		9872		10000		98.72						9880		9889		9880		9864

		LI 15		770		9881		10000		98.81						9878		9888		9900		9863

		LI 15		775		9891		10000		98.91						9877		9885		9868		9861

		LI 15		780		9862		10000		98.62						9878		9885		9892		9861

		LI 15		785		9879		10000		98.79						9874		9883		9851		9859

		LI 15		790		9869		10000		98.69						9872		9880		9889		9858

		LI 15		795		9874		10000		98.74						9873		9880		9874		9860

		LI 15		800		9881		10000		98.81						9871		9879		9865		9857

		LI 15		805		9868		10000		98.68						9866		9879		9873		9855

		LI 15		810		9866		10000		98.66						9866		9877		9880		9854

		LI 15		815		9865		10000		98.65						9864		9876		9855		9851

		LI 15		820		9849		10000		98.49						9858		9876		9878		9851

		LI 15		825		9853		10000		98.53						9860		9873		9861		9847

		LI 15		830		9856		10000		98.56						9859		9872		9869		9845

		LI 15		835		9875		10000		98.75						9853		9868		9864		9842

		LI 15		840		9862		10000		98.62						9852		9864		9851		9841

		LI 15		845		9867		10000		98.67						9851		9865		9847		9840

		LI 15		850		9854		10000		98.54						9848		9863		9848		9836

		LI 15		855		9841		10000		98.41						9848		9862		9849		9837

		LI 15		860		9845		10000		98.45						9846		9861		9869		9837

		LI 15		865		9842		10000		98.42						9843		9859		9863		9835

		LI 15		870		9846		10000		98.46						9842		9860		9856		9831

		LI 15		875		9837		10000		98.37						9832		9855		9850		9854

		LI 15		880		9882		10000		98.82						9831		9852		9853		9855

		LI 15		885		9836		10000		98.36						9830		9852		9863		9853

		LI 15		890		9846		10000		98.46						9828		9849		9845		9849

		LI 15		895		9833		10000		98.33						9824		9846		9841		9845

		LI 15		900		9832		10000		98.32						9826		9846		9845		9845

		LI 15		905		9842		10000		98.42						9824		9847		9816		9846

		LI 15		910		9840		10000		98.4						9825		9847		9863		9847

		LI 15		915		9841		10000		98.41						9826		9847		9827		9845

		LI 15		920		9846		10000		98.46						9826		9847		9861		9845

		LI 15		925		9832		10000		98.32						9824		9845		9855		9845

		LI 15		930		9842		10000		98.42						9824		9845		9818		9845

		LI 15		935		9846		10000		98.46						9825		9847		9852		9846

		LI 15		940		9819		10000		98.19						9825		9847		9826		9844

		LI 15		945		9841		10000		98.41						9826		9847		9820		9846

		LI 15		950		9839		10000		98.39						9825		9847		9866		9845

		LI 15		955		9845		10000		98.45						9825		9847		9854		9845

		LI 15		960		9921		10000		99.21						9825		9847		9847		9848

		LI 15		965		9842		10000		98.42						9826		9847		9835		9847

		LI 15		970		9840		10000		98.4						9824		9847		9841		9847

		LI 15		975		9846		10000		98.46						9824		9847		9855		9848

		LI 15		980		9828		10000		98.28						9824		9847		9831		9845

		LI 15		985		9836		10000		98.36						9824		9846		9844		9845

		LI 15		990		9843		10000		98.43						9825		9847		9808		9847

		LI 15		995		9846		10000		98.46						9825		9850		9818		9847

		LI 15		1000		9843		10000		98.43						9825		9850		9846		9848

		LI 15		1005		9832		10000		98.32						9830		9849		9836		9845

		LI 15		1010		9852		10000		98.52						9831		9850		9853		9845

		LI 15		1015		9843		10000		98.43						9830		9849		9833		9846

		LI 15		1020		9825		10000		98.25						9829		9850		9838		9844

		LI 15		1025		9837		10000		98.37						9831		9850		9840		9845

		LI 15		1030		9840		10000		98.4						9826		9850		9831		9842

		LI 15		1035		9831		10000		98.31						9826		9847		9852		9840

		LI 15		1040		9881		10000		98.81						9822		9846		9842		9839

		LI 15		1045		9833		10000		98.33						9821		9843		9831		9840

		LI 15		1050		9834		10000		98.34						9820		9840		9841		9837

		LI 15		1055		9843		10000		98.43						9818		9839		9824		9837

		LI 15		1060		9811		10000		98.11						9816		9838		9850		9834

		LI 15		1065		9832		10000		98.32						9814		9833		9830		9833

		LI 15		1070		9827		10000		98.27						9807		9834		9869		9833

		LI 15		1075		9831		10000		98.31						9807		9834		9809		9828

		LI 15		1080		9814		10000		98.14						9804		9833		9849		9825

		LI 15		1085		9808		10000		98.08						9805		9832		9810		9822

		LI 15		1090		9817		10000		98.17						9804		9830		9798		9821

		LI 15		1095		9818		10000		98.18						9801		9828		9820		9818

		LI 15		1100		9804		10000		98.04						9800		9824		9803		9818

		LI 15		1105		9813		10000		98.13						9800		9821		9816		9814

		LI 15		1110		9819		10000		98.19						9798		9819		9794		9813

		LI 15		1115		9822		10000		98.22						9795		9816		9813		9813

		LI 15		1120		9863		10000		98.63						9793		9815		9801		9811

		LI 15		1125		9806		10000		98.06						9791		9815		9799		9805

		LI 15		1130		9807		10000		98.07						9788		9813		9810		9804

		LI 15		1135		9826		10000		98.26						9789		9812		9780		9804

		LI 15		1140		9785		10000		97.85						9789		9811		9788		9802

		LI 15		1145		9796		10000		97.96						9786		9808		9802		9802

		LI 15		1150		9798		10000		97.98						9785		9808		9804		9800

		LI 15		1155		9800		10000		98						9785		9809		9794		9800

		LI 15		1160		9789		10000		97.89						9785		9807		9784		9800

		LI 15		1165		9789		10000		97.89						9783		9808		9803		9799

		LI 15		1170		9790		10000		97.9						9783		9808		9801		9800

		LI 15		1175		9803		10000		98.03						9783		9809		9808		9799

		LI 15		1180		9791		10000		97.91						9784		9808		9780		9802

		LI 15		1185		9807		10000		98.07						9783		9807		9818		9801

		LI 15		1190		9799		10000		97.99						9784		9809		9809		9801

		LI 15		1195		9799		10000		97.99						9785		9809		9784		9800

		LI 15		1200		9862		10000		98.62						9785		9809		9805		9799

		LI 15		1205		9799		10000		97.99						9783		9807		9795		9801

		LI 15		1210		9802		10000		98.02						9784		9809		9771		9798

		LI 15		1215		9811		10000		98.11						9782		9808		9805		9801

		LI 15		1220		9798		10000		97.98						9782		9807		9802		9799

		LI 15		1225		9816		10000		98.16						9782		9809		9809		9802

		LI 15		1230		9799		10000		97.99						9783		9807		9802		9799

		LI 15		1235		9787		10000		97.87						9784		9809		9812		9799

		LI 15		1240		9788		10000		97.88						9784		9808		9833		9799

		LI 15		1245		9796		10000		97.96						9783		9809		9797		9799

		LI 15		1250		9801		10000		98.01						9786		9799		9785		9798

		LI 15		1255		9800		10000		98						9784		9798		9791		9801

		LI 15		1260		9772		10000		97.72						9782		9797		9810		9802

		LI 15		1265		9806		10000		98.06						9782		9799		9814		9800

		LI 15		1270		9791		10000		97.91						9782		9798		9813		9800

		LI 15		1275		9782		10000		97.82						9785		9798		9798		9799

		LI 15		1280		10000		10000		100						9783		9799		9791		9798

		LI 15		1285		9787		10000		97.87						9781		9797		9783		9798

		LI 15		1290		9795		10000		97.95						9782		9794		9795		9794

		LI 15		1295		9803		10000		98.03						9781		9792		9801		9793

		LI 15		1300		9790		10000		97.9						9780		9790		9802		9790

		LI 15		1305		9803		10000		98.03						9780		9792		9794		9788

		LI 15		1310		9791		10000		97.91						9777		9791		9792		9788

		LI 15		1315		9793		10000		97.93						9776		9788		9798		9783

		LI 15		1320		9780		10000		97.8						9775		9786		9823		9783

		LI 15		1325		9777		10000		97.77						9771		9784		9798		9781

		LI 15		1330		9782		10000		97.82						9772		9786		9772		9779

		LI 15		1335		9798		10000		97.98						9771		9785		9775		9778

		LI 15		1340		9774		10000		97.74						9771		9783		9771		9776

		LI 15		1345		9774		10000		97.74						9771		9783		9797		9776

		LI 15		1350		9795		10000		97.95						9769		9780		9786		9777

		LI 15		1355		9787		10000		97.87						9768		9782		9774		9774

		LI 15		1360		9852		10000		98.52						9767		9780		9781		9770

		LI 15		1365		9780		10000		97.8						9764		9778		9774		9770

		LI 15		1370		9770		10000		97.7						9762		9775		9777		9767

		LI 15		1375		9773		10000		97.73						9762		9778		9769		9765

		LI 15		1380		9759		10000		97.59						9760		9779		9774		9765

		LI 15		1385		9758		10000		97.58						9759		9778		9784		9765

		LI 15		1390		9775		10000		97.75						9756		9774		9763		9762

		LI 15		1395		9764		10000		97.64						9757		9775		9767		9759

		LI 15		1400		9742		10000		97.42						9754		9774		9784		9758

		LI 15		1405		9768		10000		97.68						9754		9774		9774		9758

		LI 15		1410		9766		10000		97.66						9751		9771		9765		9758

		LI 15		1415		9762		10000		97.62						9751		9772		9764		9758

		LI 15		1420		9757		10000		97.57						9749		9772		9757		9757

		LI 15		1425		9769		10000		97.69						9750		9773		9767		9757

		LI 15		1430		9761		10000		97.61						9752		9774		9762		9758

		LI 15		1435		9765		10000		97.65						9749		9772		9743		9756

		LI 15		1440		9805		10000		98.05						9751		9772		9764		9759

		LI 15		1445		9770		10000		97.7						9749		9772		9778		9757

		LI 15		1450		9759		10000		97.59						9749		9773		9760		9759

		LI 15		1455		9751		10000		97.51						9751		9774		9758		9756

		LI 15		1460		9733		10000		97.33						9749		9774		9743		9756

		LI 15		1465		9759		10000		97.59						9750		9772		9776		9757

		LI 15		1470		9759		10000		97.59						9749		9774		9764		9756

		LI 15		1475		9742		10000		97.42						9752		9773		9780		9756

		LI 15		1480		9736		10000		97.36						9749		9771		9766		9758

		LI 15		1485		9775		10000		97.75						9750		9774		9764		9757

		LI 15		1490		9766		10000		97.66						9749		9773		9785		9758

		LI 15		1495		9771		10000		97.71						9752		9773		9735		9756

		LI 15		1500		9754		10000		97.54						9751		9774		9764		9758

		LI 15		1505		9770		10000		97.7						9750		9772		9776		9759

		LI 15		1510		9768		10000		97.68						9750		9772		9747		9756

		LI 15		1515		9758		10000		97.58						9748		9772		9774		9755

		LI 15		1520		9825		10000		98.25						9750		9771		9752		9757

		LI 15		1525		9772		10000		97.72						9748		9772		9787		9758

		LI 15		1530		9762		10000		97.62						9750		9769		9775		9757

		LI 15		1535		9748		10000		97.48						9751		9771		9776		9757

		LI 15		1540		9749		10000		97.49						9748		9770		9764		9755

		LI 15		1545		9751		10000		97.51						9747		9770		9736		9753

		LI 15		1550		9746		10000		97.46						9745		9763		9760		9752

		LI 15		1555		9751		10000		97.51						9744		9759		9744		9752

		LI 15		1560		9738		10000		97.38						9745		9760		9735		9753

		LI 15		1565		9753		10000		97.53						9741		9755		9753		9751

		LI 15		1570		9743		10000		97.43						9740		9757		9733		9747

		LI 15		1575		9756		10000		97.56						9741		9757		9746		9748

		LI 15		1580		9730		10000		97.3						9740		9756		9760		9747

		LI 15		1585		9739		10000		97.39						9736		9754		9753		9744

		LI 15		1590		9740		10000		97.4						9734		9755		9741		9742

		LI 15		1595		9723		10000		97.23						9728		9752		9711		9740

		LI 15		1600		9766		10000		97.66						9728		9753		9735		9737

		LI 15		1605		9720		10000		97.2						9726		9745		9731		9736

		LI 15		1610		9724		10000		97.24						9723		9741		9703		9735

		LI 15		1615		9729		10000		97.29						9722		9742		9715		9732

		LI 15		1620		9715		10000		97.15						9723		9738		9731		9727

		LI 15		1625		9717		10000		97.17						9721		9738		9701		9727

		LI 15		1630		9734		10000		97.34						9722		9740		9714		9725

		LI 15		1635		9727		10000		97.27						9720		9735		9709		9726

		LI 15		1640		9729		10000		97.29						9716		9737		9726		9723

		LI 15		1645		9715		10000		97.15						9714		9734		9701		9721

		LI 15		1650		9711		10000		97.11						9711		9732		9747		9718

		LI 15		1655		9702		10000		97.02						9712		9732		9698		9719

		LI 15		1660		9711		10000		97.11						9713		9730		9720		9716

		LI 15		1665		9698		10000		96.98						9710		9728		9702		9714

		LI 15		1670		9698		10000		96.98						9709		9730		9704		9714

		LI 15		1675		9705		10000		97.05						9710		9730		9731		9715

		LI 15		1680		9814		10000		98.14						9709		9729		9727		9718

		LI 15		1685		9704		10000		97.04						9711		9730		9724		9715

		LI 15		1690		9715		10000		97.15						9710		9728		9715		9715

		LI 15		1695		9713		10000		97.13						9711		9731		9717		9717

		LI 15		1700		9712		10000		97.12						9710		9729		9744		9715

		LI 15		1705		9713		10000		97.13						9710		9726		9701		9715

		LI 15		1710		9710		10000		97.1						9710		9729		9711		9716

		LI 15		1715		9708		10000		97.08						9711		9728		9720		9717

		LI 15		1720		9720		10000		97.2						9710		9728		9718		9717

		LI 15		1725		9730		10000		97.3						9712		9728		9737		9718

		LI 15		1730		9716		10000		97.16						9709		9731		9709		9715

		LI 15		1735		9692		10000		96.92						9711		9729		9737		9713

		LI 15		1740		9708		10000		97.08						9710		9728		9763		9715

		LI 15		1745		9715		10000		97.15						9708		9732		9717		9714

		LI 15		1750		9713		10000		97.13						9711		9729		9716		9715

		LI 15		1755		9731		10000		97.31						9710		9729		9722		9715

		LI 15		1760		9803		10000		98.03						9710		9728		9695		9719

		LI 15		1765		9707		10000		97.07						9709		9729		9738		9716

		LI 15		1770		9718		10000		97.18						9708		9730		9700		9716

		LI 15		1775		9692		10000		96.92						9709		9729		9737		9716

		LI 15		1780		9706		10000		97.06						9709		9730		9695		9713

		LI 15		1785		9717		10000		97.17						9711		9729		9723		9717

		LI 15		1790		9702		10000		97.02						9709		9731		9715		9717

		LI 15		1795		9683		10000		96.83						9708		9726		9725		9718

		LI 15		1800		9719		10000		97.19						9705		9723		9692		9716

		LI 15		1805		9709		10000		97.09						9705		9726		9718		9718

		LI 15		1810		9707		10000		97.07						9705		9723		9705		9716

		LI 15		1815		9687		10000		96.87						9705		9720		9717		9712

		LI 15		1820		9697		10000		96.97						9703		9718		9735		9712

		LI 15		1825		9705		10000		97.05						9702		9716		9676		9712

		LI 15		1830		9697		10000		96.97						9697		9715		9738		9713

		LI 15		1835		9696		10000		96.96						9699		9715		9734		9713

		LI 15		1840		9812		10000		98.12						9699		9712		9733		9711

		LI 15		1845		9703		10000		97.03						9695		9707		9724		9713

		LI 15		1850		9698		10000		96.98						9696		9706		9699		9710

		LI 15		1855		9709		10000		97.09						9695		9705		9708		9709

		LI 15		1860		9691		10000		96.91						9694		9704		9698		9705

		LI 15		1865		9695		10000		96.95						9690		9703		9709		9704

		LI 15		1870		9697		10000		96.97						9690		9701		9713		9700

		LI 15		1875		9681		10000		96.81						9686		9699		9705		9698

		LI 15		1880		9702		10000		97.02						9679		9699		9677		9697

		LI 15		1885		9671		10000		96.71						9682		9697		9692		9696

		LI 15		1890		9673		10000		96.73						9678		9695		9720		9698

		LI 15		1895		9700		10000		97						9677		9695		9681		9696

		LI 15		1900		9674		10000		96.74						9678		9695		9706		9697

		LI 15		1905		9681		10000		96.81						9676		9692		9691		9694

		LI 15		1910		9687		10000		96.87						9679		9688		9677		9690

		LI 15		1915		9662		10000		96.62						9673		9688		9674		9692

		LI 15		1920		9608		10000		96.08						9673		9685		9693		9691

		LI 15		1925		9650		10000		96.5						9671		9687		9719		9691

		LI 15		1930		9663		10000		96.63						9673		9685		9682		9692

		LI 15		1935		9673		10000		96.73						9674		9685		9688		9690

		LI 15		1940		9652		10000		96.52						9673		9686		9657		9688

		LI 15		1945		9672		10000		96.72						9672		9684		9688		9691

		LI 15		1950		9662		10000		96.62						9672		9688		9704		9691

		LI 15		1955		9672		10000		96.72						9677		9686		9639		9692

		LI 15		1960		9679		10000		96.79						9673		9686		9680		9689

		LI 15		1965		9666		10000		96.66						9674		9686		9692		9690

		LI 15		1970		9661		10000		96.61						9674		9685		9668		9691

		LI 15		1975		9669		10000		96.69						9669		9684		9684		9690

		LI 15		1980		9650		10000		96.5						9673		9686		9666		9691

		LI 15		1985		9678		10000		96.78						9671		9684		9690		9692

		LI 15		1990		9674		10000		96.74						9674		9687		9684		9690

		LI 15		1995		9682		10000		96.82						9674		9684		9677		9691

		LI 15		2000		9795		10000		97.95						9672		9683		9717		9691
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