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1.1. Introduction

In Sorrento (#52) it was agreed to use a randomization function to calculate the PDCCH search space monitoring starting position. We have studied the proposed formula in R1-081101, which was part of the agreement in Sorrento, and have found critical problems in the formula. In this document we discuss the problems with the proposed formula in R1-081101 and propose minor changes, which in our opinion more inline with the intention of using Linear Congruent Random Number Generator for the randomization function.
2.1. Problems with formulation in R1-081101
Randomization function description of R1-081101 is written below;
· Function defined by
· x=UE_ID*16 + subframe_number

· Start = (K*x+L) mod floor(#CCEs / aggregation_level) – equation (1)
· K, L are ”big enough numbers”, different for different aggregation levels and given by the specification

· Verify that we get the desired properties by the above function
In light of the agreement we have done some numerical simulations and also analytical calculation of the equation in description in R1-081101. From this point we will call this equation (1). In our understanding the equation (1) was to design a random number generator (RNG) based on Linear Congruent generation (LCG) method, which has been commonly used for random number generation in various implementations and have been researched for quite some time. LCG based random number generator is one of the most common random number generator which has good random properties if used with proper parameters. In our understanding this was one of the motivations of proposing to use “big enough numbers” for parameters K, and L in the description in R1-081101.
Although equation (1) looks similar to LCG based random number generators, the fundamental problem with equation (1) is that it is not a LCG random number generator. This is because LCG random number generators are used in a recursive form in order to create ‘random’ properties. The problem with equation (1) is since there is no recursive form to create the random properties of the sequentially generated numbers. Sequential random numbers used for a UE-ID #k in equation (1) is created by adding a subframe number to the initial value ‘x’, this make the generated numbers with initialization number x highly correlated between some pairs of the UE-ID.
The below is an analytical analysis of the equation (1). Equation (1) is re-written below.
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Here NCCE is the number of CCEs for the PDCCH transmission, and LPDCCH is the CCE aggregation level, either 1, 2, 4, or 8 which the randomization number will create the random number for. Also the initialization number ‘x’ can be written as equation (3).
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If we look at equation (1) we can see that due to the modulus property there values larger than C does not create unique formula. For example, if we rewrite K into 
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, where n is integer, than equation (1) can be rewritten as below
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From this we can see that K values larger than C will have exactly the same property as a certain K value between 0 and C-1. This also is applicable to L, which is also effected by the modulus property. Since value of C will range from 1 to about 100 (assuming 9 REG per CCE for the 20MHz bandwidths), there could be only small values of K and L which are presumably smaller than 100. The small K and L value affects the randomization properties of equation (1).
This modulus property also effects initial value ‘x’. It can be shown that for a certain UE-ID #i and #j will result in exactly the same randomization pattern regardless of K and L. In the end equation (1) will only give unique randomization patterns for Nunique UE-IDs, where Nunique is given by the analysis below.
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What the analytical analysis shows us is that randomization pattern created by UE-ID #i is equal to UE-ID #j which is 
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 larger, where n’ is any integer. In essence this means there can only be randomization patterns for 
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 UE-IDs, shown in equation (4). Since C would not be larger than about 100, this effectively means there will be only 100 unique randomization patterns for 216 UEs to share. This in our opinion is not the intended property which we would want in a randomization function.
	
[image: image9.wmf](

)

(

)

(

)

subframe

UEID

c

UEID

subframe

UEID

I

N

g

C

n

I

f

I

I

f

+

×

+

¢

×

º

+

×

mod

16

16


, where is ‘n’ is a non-negative integer
	(4)


Since the number of CCE is restricted to a number smaller than 100, it would be impossible for 216 UEs not to have the same number, but analysis above shows that there is no randomization between subframes between certain UE-IDs. The second problem arises from the fact the subframe index is added to the initialization, which pushes the randomization pattern for every single UE by a constant factor for all subframes. Since the randomization pattern can be numbers between 0 and 99 (assuming C is equal to 100), there must a mechanism to exploit randomization effects across subframe as well in order to achieve ideally random properties.
Based on these findings, it is our opinion that the equation (1) expressed in R1-081101 does not achieve the desired properties of the PDCCH search space monitoring randomization function at all, for any possible combination of parameters K and L.
Any variants of the equation (1) as shown in R1-081289 [2] and R1-081447 [3], still has critical problem of having only so few unique randomization patterns since they all rely on linear combination of values inside the single modulus operation. This effectively results in no randomization between subframes, and thus not suitable for the worst cases when certain UEs with the same randomization pattern are in the same cell.
3.1. Proposal for the randomization function
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Figure 1. Proposed Randomization Function for PDCCH Search Space Monitoring
We have identified 2 major problems with the expressed formula in R1-081101. The first problem is that values K should be large values to achieve good randomization properties, but can not be due to the small number modulo operation. The second problem is that due to the inclusion of the subframe index in additive form into the initialization value, the randomization patterns between subframes are just constant shift versions of each other, giving no randomization over different subframes.
To fix these problems, we propose to modify the original equation into the correct LCG based random number generator form as shown in figure 1. The generic LCG based random number generation can be written as in a form (A*x + B) mod C, which is the same as the formula in R1-081101. The proposal is basically generate random number by LCG based random number generator and then apply the modulus operation after to get the final randomization number which will fall into the interested range. The modified formula is shown in equation (5) and (6) below.
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If we choose parameter D so that it is sufficiently large, then we are allowed to also choose parameters K and L which are also sufficiently large. This allows improvement of the randomization properties of the RNG. The second part is that since the next randomization number is created by feeding back the output from the Linear Congruent Random Number Generator (LCRNG), randomization effect between subframes can be exploited.

Since the initialization value does not include subframe index, the randomization function must be initialized at radio from timing, and at ith subframe, ith recursive value is used. The recursive property of the proposed formula is not an UE complexity problem, since the UE only needs to calculate 10 values during the life time of the UE-ID, and after calculation it can use one of the 10 stored values in each subframe.
4.1. Parameter values K, L, and D
After various simulations we have found that D should be sufficiently large but not as too large, since choosing parameter D too large effectively changes the equation (5) and (6) into the original proposal equation (1). Also parameter K should be sufficiently large in order to exploit the modulus by D effect in the LCRNG. But it seems that given a good parameter K and D, parameter L does not contribute largely on the randomization effects of the LCRNG numbers.
We have tested parameters K, L, and D from ranges 1 ~ 220 and found by computer search good performing parameters. The proposed parameters for K, L and D are shown below;

· K = 39827 (a prime number)

· L = 1
· D = 65537 (a prime number)
5.1. Performance results
For the performance results, we have indentified few performance measurement metrics for the randomization function used for PDCCH search space monitoring initial position. The measurement metrics are described below;
· NHIT : Maximum number of initial position hits between any one pair of UE-IDs within a radio frame. The worst value would be 10, meaning the randomization pattern between two certain UE-IDs are exactly the same.
· AVGHIT : Average number of initial position hits between any one pair of UE-IDs within a radio frame.
· PMIN : The smallest probability of generating a value, which will be between 0 and C-1. If this value is 0 than it means that certain PDCCH search space monitoring initial position will never be created given any initial value possible.

· PMAX : The largest probability of generating a value which will be between 0 and C-1.

· PMAX-PMIN : If the difference between PMIN and PMAX is large than this means that probability of generating a certain PDCCH search space monitoring initial position is not uniform across 0 and C-1. Large difference will result in unequal populated UEs’ monitoring positions across all CCEs.

· PNON-BLOCK : The Probability of initial PDCCH search space monitoring position of a certain aggregation level being NOT coinciding (within the confinement of the CCE aggregation tree) with any initial position of another aggregation level for within a UE.
Tables 1 shows performance results for the proposed parameter. The full set of performance results for all possible values of C from 110 to 3 is shown in the Annex.

Table 1. Performance with Parameter K=39827, L=1, D= 65537
	C
	NHIT
	AVGHIT
	PMIN
	PMAX
	PMAX - PMIN

	110
	3
	0.0941832
	9.077450E-03
	9.094240E-03
	1.679000E-05

	75
	3
	0.1403603
	1.331940E-02
	1.333620E-02
	1.680000E-05

	53
	4
	0.2023769
	1.885830E-02
	1.887510E-02
	1.680000E-05

	24
	5
	0.4720588
	4.165500E-02
	4.167180E-02
	1.680000E-05

	11
	7
	1.0822356
	9.089510E-02
	9.091190E-02
	1.680000E-05


To explain little more about PNON-BLOCK, this metric is the probability which an UE’s PDCCH search space monitoring initial position for each CCE aggregation level does not collide with each other. To illustrate what this means, an example is shown in figure2 to 4. PNON-BLOCK is only defined when there is absolutely no initial position blocking between any pair of CCE aggregation level initial positions. Initial position is defined so that CCE aggregation level 8 takes up 8 CCEs, and CCE aggregation level 4 takes up 4 CCEs, and so on. Obviously this implies that CCE aggregation level 8 consisting of 8 CCEs and will have a larger probability of blocking other CCE aggregation level initial positions.
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Figure 2. Example of Non-Blocking PDCCH search space initial position

for all CCE aggregation levels within a UE
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Figure 3. Example of Blocking PDCCH search space initial position

for all CCE aggregation levels within a UE
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Figure 4. Second example of Blocking PDCCH search space initial position

for all CCE aggregation levels within a UE
Table 2 shows the blockage probability PNON-BLOCK with the proposed parameters and equation. The PNON-BLOCK rates for all possible C value are shown in the Annex. What PNON-BLOCK tells us is that there would be large probability that for a UE the CCE aggregation level initial position will not be colliding within the CCE aggregation tree. For the larger bandwidths there would be more than 60% of the time, a UE will have PDCCH search space monitoring initial position blockage free. Even for the smaller bandwidths we probability is that that low around 20%~30% for total blockage free probability, but this only shows the probability of totally blockage free, so there would be still room left for just partial blockage free, meaning only blockage between certain CCE aggregation levels. From this observation we can conclude that we only need a single value of L for all CCE aggregations, unlike the original proposal in R1-081251 [5].
Table 2. Non-Blockage Probability with K=39827, L=1, D= 65537
	NCCE
	PNON-BLOCK

	110
	79.56%

	96
	82.29%

	83
	73.59%

	71
	69.65%

	57
	68.11%

	44
	58.18%

	31
	38.35%

	21
	29.05%

	11
	3.64%


It is also interesting to know that the performance of the proposed randomization function shown in equation (5) and (6) is also comparable to the ideal random number generation probability. The probability of initial position hits between any one pair of UE-IDs within a radio frame for a pure random number generation can be calculated by equation (7), where P(k) is the probability of number of initial position hits at subframe k.
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From equation (7) we have compared the probability of k initial position hits with the actual probability of k initial hits from our proposed equation (5) and (6) and saw that in most cases our proposed equation (5) and (6) has less probability of k initial position hits than the ideal probability of a pure random number generator, but in all cases the probability difference between pure random and proposed randomization function was at most less then about 0.0001.
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Figure 5. Comparison between pure random hit probability and

proposed randomization function hit probability with K=39827, L=1, D=65537
Figure 5 is the plotting of the probability of number subframe hits for pure random function and the probability of the number of subframe hits for the proposed randomization function. The reason why the proposed randomization function plots stop to draw a line when number of subframe hits equal to 3, 4, or 5 is because they are measured to be zero after those points. We can see that proposed randomization function is better or close to ideal.
There has been another solutions to the problems found in equation proposed in R1-081101, which is to use modulus of the bit wise cyclic shift version of the UE-ID as shown in R1-081212 [4]. The alternative proposal can be expressed as equation (7). 
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Function cyclicshift(x,y) is defined as bitwise cyclic shifting ‘x’ by ‘y’ times. Although equation (7) does have some properties which initial positions from different UE are randomized between subframes, but since a given bit weight of the UE-ID, the bits are only cyclic shifted resulting a similar pattern for UE-IDs with similar bit weights. This property directly impacts the maximum number of subframe hits between any one pair of UEs, which comparison is shown in figure 6. We can see that the maximum number of subframe hits is quite large even for the larger CCE sizes. 

There was also a suggestion of using a Gold Sequence already defined in the TS36.211 specifications as in R1-081481[6]. The suggestion was to load the Gold Sequence initialization bit field with  
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is the Cell-ID. After initialization 7 bits are taken from the Gold Sequence and modulus operation is applied by value C. The major problem with this proposal is that Gold Sequence is a bit shift register form, meaning the contents of the initial value are spat out the sequence generator at the initial points. Since the output only takes 7 bits from the Gold Sequence generator, every UE for every subframe will take the lower 7 bits of the Cell-ID information to calculate it’s PDCCH search space initial position. This results in devastating randomization pattern being the same for all UE and for all subframes. One way to resolve this is issue to fast forward the Gold Sequence after initiation by a large amount. WE have conducted performance verification of Gold Sequence with fast forwarding and found it has critical issues of having always having some pairs of UE having the exactly the same randomization pattern. 

Maximum number of subframe hits for different proposals are plotted in figure 6. In the comparison Gold Sequence 1 denotes randomization function as it is proposed in R1-081481 with Cell-ID of 175. Gold Sequence 2 denote s randomization function as proposed in R1-081481 with fast forwarding by 1695 clocks. We can see that for all Number of CCE/CCE aggregation level, Gold Sequence based PDCCH search space randomization design results in certain amount of UE with the same randomization patterns.
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Figure 6. Comparison of maximum number of subframe hits
between proposal R1-081212 with proposed equation
6.1. Conclusion

We have proposed a randomization function for the PDCCH search space monitoring initial position. The proposed randomization function solves all problems with the proposed formula in R1-081101, and moreover is actually more inline with the intention of using Linear Congruent Random Number Generator. The performance of the proposed randomization function is better in most cases and comparable to a pure random number generation. In conclusion we propose to include the following text proposal in the end of specification TS 36.213 section 9.1.1.
--- start of text proposal ---

9.1.1  
PDCCH Assignment Procedure

A UE is required to monitor a set of PDCCH candidates as often as every sub-frame.  The number of candidate PDCCHs in the set and configuration of each candidate is configured by the higher layer signalling.

A UE determines the control region size to monitor in each subframe based on PCFICH which indicates the number of OFDM symbols (l) in the control region (l=1, 2, or 3) and PHICH symbol duration (M) received from the PBCH where 
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A UE shall monitor (perform blind decoding of) all candidate PDCCH payloads possible for each of its assigned search spaces in a given subframe control region. A search space is a set of aggregated control channel elements where aggregation size can be 1, 2, 4, or 8 control channel elements.  There is one aggregation size per Search space.  The candidate PDCCH locations in a search space occur every B control channel elements where B is the aggregation size.  A UE shall be required to monitor both common and UE-specific search spaces. A common search space is monitored by all UEs in a cell and generally supports a limited number of aggregation levels, DCI format types, and blind decodes compared to the UE-specific search space.  A UE-specific search space supports all aggregation levels with more blind decodes (than common search space) and for some system bandwidths only a subset of UEs in a cell monitor it. A UE-specific search space may overlap with a common search space. 

To determine the candidate PDCCH location starting point (
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–  A is equal to 39827 and D is equal to 65537.

9.1.2  
PHICH Assignment Procedure

--- end of text proposal ---
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Annex A – Performance results for all values of C and NCCE
Table 3. Performance with Parameter K=39827, L=1, D= 65537
	C
	NHIT
	AVGHIT
	PMIN
	PMAX
	PMAX - PMIN

	110
	3
	0.0941832
	9.077450E-03
	9.094240E-03
	1.679000E-05

	109
	3
	0.0950827
	9.169010E-03
	9.185790E-03
	1.678000E-05

	108
	3
	0.0959992
	9.245300E-03
	9.262080E-03
	1.678000E-05

	107
	3
	0.0969324
	9.336850E-03
	9.353640E-03
	1.679000E-05

	106
	3
	0.0978829
	9.428410E-03
	9.445190E-03
	1.678000E-05

	105
	3
	0.0988514
	9.518430E-03
	9.536740E-03
	1.831000E-05

	104
	3
	0.0998388
	9.611510E-03
	9.628300E-03
	1.679000E-05

	103
	3
	0.1008454
	9.703060E-03
	9.719850E-03
	1.679000E-05

	102
	3
	0.1018714
	9.794620E-03
	9.811400E-03
	1.678000E-05

	101
	3
	0.1029183
	9.884640E-03
	9.902950E-03
	1.831000E-05

	100
	3
	0.1039872
	9.991460E-03
	1.000980E-02
	1.834000E-05

	99
	3
	0.1050798
	1.008610E-02
	1.010130E-02
	1.520000E-05

	98
	3
	0.1061964
	1.019130E-02
	1.020810E-02
	1.680000E-05

	97
	3
	0.1073357
	1.029820E-02
	1.031490E-02
	1.670000E-05

	96
	3
	0.1084981
	1.040500E-02
	1.042180E-02
	1.680000E-05

	95
	3
	0.1096845
	1.051180E-02
	1.052860E-02
	1.680000E-05

	94
	3
	0.1108960
	1.063390E-02
	1.065060E-02
	1.670000E-05

	93
	3
	0.1121365
	1.074220E-02
	1.075740E-02
	1.520000E-05

	92
	3
	0.1134053
	1.086270E-02
	1.087950E-02
	1.680000E-05

	91
	3
	0.1147013
	1.098480E-02
	1.100160E-02
	1.680000E-05

	90
	3
	0.1160286
	1.110690E-02
	1.112370E-02
	1.680000E-05

	89
	3
	0.1173866
	1.122740E-02
	1.124570E-02
	1.830000E-05

	88
	3
	0.1187777
	1.135100E-02
	1.136780E-02
	1.680000E-05

	87
	3
	0.1202019
	1.148830E-02
	1.150510E-02
	1.680000E-05

	86
	3
	0.1216581
	1.162570E-02
	1.164250E-02
	1.680000E-05

	85
	3
	0.1231510
	1.176300E-02
	1.176450E-02
	1.500000E-06

	84
	3
	0.1246776
	1.190030E-02
	1.191710E-02
	1.680000E-05

	83
	3
	0.1262423
	1.203610E-02
	1.205440E-02
	1.830000E-05

	82
	3
	0.1278478
	1.219020E-02
	1.220700E-02
	1.680000E-05

	81
	3
	0.1294944
	1.234280E-02
	1.235960E-02
	1.680000E-05

	80
	3
	0.1311844
	1.249540E-02
	1.251220E-02
	1.680000E-05

	79
	3
	0.1329217
	1.264800E-02
	1.266480E-02
	1.680000E-05

	78
	3
	0.1347060
	1.281590E-02
	1.283260E-02
	1.670000E-05

	77
	3
	0.1365385
	1.298370E-02
	1.300050E-02
	1.680000E-05

	76
	3
	0.1384233
	1.315160E-02
	1.316830E-02
	1.670000E-05

	75
	3
	0.1403603
	1.331940E-02
	1.333620E-02
	1.680000E-05

	74
	4
	0.1423490
	1.350250E-02
	1.351930E-02
	1.680000E-05

	73
	4
	0.1443928
	1.368560E-02
	1.370240E-02
	1.680000E-05

	72
	4
	0.1464961
	1.388400E-02
	1.390080E-02
	1.680000E-05

	71
	4
	0.1486639
	1.408080E-02
	1.409910E-02
	1.830000E-05

	70
	4
	0.1508969
	1.428070E-02
	1.429750E-02
	1.680000E-05

	69
	4
	0.1531973
	1.447910E-02
	1.449580E-02
	1.670000E-05

	68
	4
	0.1555699
	1.469420E-02
	1.470950E-02
	1.530000E-05

	67
	4
	0.1580161
	1.492000E-02
	1.493840E-02
	1.840000E-05

	66
	4
	0.1605388
	1.513670E-02
	1.515200E-02
	1.530000E-05

	65
	4
	0.1631426
	1.537780E-02
	1.539610E-02
	1.830000E-05

	64
	4
	0.1658289
	1.562350E-02
	1.562500E-02
	1.500000E-06

	63
	4
	0.1686042
	1.586760E-02
	1.588440E-02
	1.680000E-05

	62
	4
	0.1714753
	1.612550E-02
	1.614380E-02
	1.830000E-05

	61
	4
	0.1744454
	1.638640E-02
	1.640320E-02
	1.680000E-05

	60
	4
	0.1775185
	1.666110E-02
	1.667790E-02
	1.680000E-05

	59
	4
	0.1806980
	1.693570E-02
	1.695250E-02
	1.680000E-05

	58
	4
	0.1839894
	1.722720E-02
	1.724240E-02
	1.520000E-05

	57
	4
	0.1873977
	1.753080E-02
	1.754760E-02
	1.680000E-05

	56
	4
	0.1909377
	1.785130E-02
	1.786800E-02
	1.670000E-05

	55
	4
	0.1946111
	1.817170E-02
	1.818850E-02
	1.680000E-05

	54
	4
	0.1984218
	1.850740E-02
	1.852420E-02
	1.680000E-05

	53
	4
	0.2023769
	1.885830E-02
	1.887510E-02
	1.680000E-05

	52
	4
	0.2064891
	1.922450E-02
	1.924130E-02
	1.680000E-05

	51
	4
	0.2107671
	1.960450E-02
	1.960750E-02
	3.000000E-06

	50
	4
	0.2152194
	1.998750E-02
	2.000430E-02
	1.680000E-05

	49
	4
	0.2198576
	2.039950E-02
	2.041630E-02
	1.680000E-05

	48
	4
	0.2246965
	2.082670E-02
	2.084350E-02
	1.680000E-05

	47
	4
	0.2297491
	2.126920E-02
	2.128600E-02
	1.680000E-05

	46
	4
	0.2350442
	2.172700E-02
	2.174380E-02
	1.680000E-05

	45
	4
	0.2405938
	2.221530E-02
	2.223210E-02
	1.680000E-05

	44
	4
	0.2464119
	2.271880E-02
	2.273560E-02
	1.680000E-05

	43
	4
	0.2525071
	2.325290E-02
	2.326970E-02
	1.680000E-05

	42
	4
	0.2589035
	2.380070E-02
	2.381900E-02
	1.830000E-05

	41
	4
	0.2656368
	2.438050E-02
	2.439880E-02
	1.830000E-05

	40
	4
	0.2727308
	2.499080E-02
	2.500920E-02
	1.840000E-05

	39
	4
	0.2802233
	2.563320E-02
	2.565000E-02
	1.680000E-05

	38
	4
	0.2881354
	2.630460E-02
	2.632140E-02
	1.680000E-05

	37
	5
	0.2964996
	2.702180E-02
	2.703860E-02
	1.680000E-05

	36
	5
	0.3053396
	2.776950E-02
	2.778630E-02
	1.680000E-05

	35
	5
	0.3147060
	2.856290E-02
	2.857970E-02
	1.680000E-05

	34
	5
	0.3246387
	2.940060E-02
	2.941890E-02
	1.830000E-05

	33
	5
	0.3351902
	3.028870E-02
	3.030400E-02
	1.530000E-05

	32
	5
	0.3464382
	3.124850E-02
	3.125000E-02
	1.500000E-06

	31
	5
	0.3584628
	3.225400E-02
	3.227230E-02
	1.830000E-05

	30
	5
	0.3713299
	3.332370E-02
	3.334050E-02
	1.680000E-05

	29
	5
	0.3851145
	3.446810E-02
	3.448490E-02
	1.680000E-05

	28
	5
	0.3999205
	3.570400E-02
	3.572080E-02
	1.680000E-05

	27
	5
	0.4158671
	3.703160E-02
	3.704830E-02
	1.670000E-05

	26
	5
	0.4331031
	3.845060E-02
	3.846740E-02
	1.680000E-05

	25
	5
	0.4517680
	3.999180E-02
	4.000850E-02
	1.670000E-05

	24
	5
	0.4720588
	4.165500E-02
	4.167180E-02
	1.680000E-05

	23
	5
	0.4941922
	4.347080E-02
	4.348750E-02
	1.670000E-05

	22
	5
	0.5184258
	4.544070E-02
	4.545590E-02
	1.520000E-05

	21
	5
	0.5450326
	4.760440E-02
	4.762270E-02
	1.830000E-05

	20
	6
	0.5743873
	4.998630E-02
	5.000310E-02
	1.680000E-05

	19
	6
	0.6069509
	5.262450E-02
	5.264280E-02
	1.830000E-05

	18
	6
	0.6432486
	5.554200E-02
	5.555730E-02
	1.530000E-05

	17
	6
	0.6838799
	5.881960E-02
	5.882260E-02
	3.000000E-06

	16
	6
	0.7296495
	6.249690E-02
	6.250000E-02
	3.100000E-06

	15
	7
	0.7815772
	6.666260E-02
	6.666560E-02
	3.000000E-06

	14
	7
	0.8408356
	7.142330E-02
	7.143860E-02
	1.530000E-05

	13
	7
	0.9091167
	7.691500E-02
	7.693480E-02
	1.980000E-05

	12
	7
	0.9886513
	8.332520E-02
	8.334350E-02
	1.830000E-05

	11
	7
	1.0822356
	9.089510E-02
	9.091190E-02
	1.680000E-05

	10
	7
	1.1934351
	9.998930E-02
	1.000060E-01
	1.670000E-05

	9
	9
	1.3274730
	1.110990E-01
	1.111130E-01
	1.400000E-05

	8
	9
	1.4914188
	1.249970E-01
	1.250000E-01
	3.000000E-06

	7
	9
	1.6957181
	1.428500E-01
	1.428650E-01
	1.500000E-05

	6
	9
	1.9565746
	1.666550E-01
	1.666720E-01
	1.700000E-05

	5
	10
	2.3011305
	1.999920E-01
	1.999970E-01
	5.000000E-06

	4
	10
	2.7811295
	2.499950E-01
	2.499950E-01
	0.000000E+00

	3
	10
	3.5283640
	3.333240E-01
	3.333240E-01
	0.000000E+00


Table 4. Blockage Probability with Parameter K=39827, L=2, D= 65537
	NCCE
	PBLOCK

	110
	79.56%

	109
	79.53%

	108
	79.99%

	107
	79.08%

	106
	80.19%

	105
	81.89%

	104
	86.54%

	103
	76.86%

	102
	77.44%

	101
	78.37%

	100
	81.00%

	99
	75.86%

	98
	78.91%

	97
	78.74%

	96
	82.29%

	95
	76.67%

	94
	76.32%

	93
	76.34%

	92
	78.46%

	91
	75.71%

	90
	77.08%

	89
	78.83%

	88
	84.09%

	87
	72.87%

	86
	74.57%

	85
	74.68%

	84
	75.00%

	83
	73.59%

	82
	74.88%

	81
	76.88%

	80
	82.50%

	79
	70.67%

	78
	70.54%

	77
	71.99%

	76
	74.71%

	75
	69.01%

	74
	72.52%

	73
	72.36%

	72
	76.39%

	71
	69.65%

	70
	69.40%

	69
	69.73%

	68
	73.53%

	67
	68.01%

	66
	69.70%

	65
	71.69%

	64
	78.12%

	63
	59.50%

	62
	65.60%

	61
	65.67%

	60
	65.95%

	59
	64.24%

	58
	65.27%

	57
	68.11%

	56
	64.28%

	55
	60.02%

	54
	62.25%

	53
	62.30%

	52
	66.03%

	51
	56.91%

	50
	61.33%

	49
	60.71%

	48
	64.58%

	47
	56.66%

	46
	55.66%

	45
	55.46%

	44
	58.18%

	43
	53.37%

	42
	54.77%

	41
	57.43%

	40
	65.00%

	39
	46.68%

	38
	49.27%

	37
	50.31%

	36
	52.78%

	35
	45.21%

	34
	45.59%

	33
	49.06%

	32
	56.25%

	31
	38.35%

	30
	39.05%

	29
	38.67%

	28
	44.04%

	27
	31.06%

	26
	34.62%

	25
	34.00%

	24
	37.50%

	23
	26.88%

	22
	29.09%

	21
	29.05%

	20
	35.00%

	19
	18.71%

	18
	22.22%

	17
	19.85%

	16
	25.00%

	15
	9.52%

	14
	9.52%

	13
	6.41%

	12
	8.33%

	11
	3.64%

	10
	0.00%

	9
	2.78%

	8
	0.00%
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