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1.
Introduction
It is not clear yet how much damage the false positive grant will bring. This contribution analyzes it in terms of number of RBs wasted. The false positive downlink grant does not corrupt the relevant RBs directly but interfere the HARQ feedback thus the impact of the downlink false positive grant is much less severe than that of the false positive uplink grant, which in many cases cause the uplink collision between the false positive transmission and the correct transmission. In this contribution only the uplink is analyzed. The analysis is basically an approximation based on number of assumptions. The analysis is done with the following steps.

· The frequency of the false positive uplink grant is calculated

· The average number of RBs assigned by a false positive uplink grant is calculated.

· The number of RBs wasted due to a false positive uplink grant is approximated.

· The overall impact to the system is calculated from the number of wasted RBs from a single false positive uplink grant, the frequency of the false positive uplink grant and the number of UEs. 
2.
Discussion

The frequency of the false positive uplink grant
Let’s denote the false positive interval as the average length of time interval between two false positive grants. Then the False positive interval for the uplink grant could be delivered from the formula below.

False positive interval = 1/[False positive probabilityⅹ # of blind decodings per second], 
False positive probability = 1/2CRC_SIZE=1/216 

# of blind decodings per second = # of blind decodings per TTIⅹ # of TTIs for PDCCH monitoring per second
The number of the blind decodings for the uplink grant per TTI is 24. The number of TTIS for PDCCH monitoring per second is depending on DRX configuration. It is 1000 without DRX and 100 with DRX where the ratio between the on-duration and the DRX cycle is 10%. Table 1 shows the false positive intervals with the number of DRX configurations.

< Table 1>
	
	On-duration/DRX ratio

	False positive interval
	10%
	20%
	50%
	100%

	
	27.31 second
	13.65 second
	5.46 second
	2.73 second


Looking into the DCI format 0, some false positive grants making no sense will be ignored by UEs. For example, if a false positive grant happens to be for the retransmission but the MCS/RV does not match with the initial transmission, UE would ignore the false positive grant. This roughly reduces the false positive probability by half. In Cyclic Shift for DM RX field, typically only part of eight code points are used. If two code points have useful meanings, the probability of the false positive uplink grant is further reduced to 25%. The false positive intervals with these taken into account are shown in the table 2, which will be used for the further analysis.
< Table 2>
	
	On-duration/DRX ratio

	False positive interval
	10%
	20%
	50%
	100%

	
	218.45 second
	109.23 second
	43.69 second
	21.85 second


The average number of RBs assigned by a false positive uplink grant

It is basically the expectation on the number of RBs indicated by the RB assignment field when a code point is randomly selected out of the all the code points defined for the RB assignment. In 5MHz BW system, the number of code points defined for the RB assignment is 512. Out of 512 code points, 25 code points are defined to indicate a RB, 24 code points to indicate two RBs, 23 code points to indicate three RBs and so on. When they are summed altogether (i.e. 1ⅹ25 + 2ⅹ24 + 3ⅹ23 + 4ⅹ22 ... +25 ⅹ1), it is 2925. Then the expectation is 5.71 (=2925/512). Table 3 shows the average number of RBs assigned by a false positive uplink grant per system BW.
< Table 3>
	System BW
	#of RBs
	# of required code point
	# of code points
	SUM[RB assignment ⅹoccurrences]
	Expectations

	1.4
	6
	21
	32
	56
	1.75

	5
	25
	325
	512
	2925
	5.71

	10
	50
	1275
	2048
	22100
	10.79

	20
	100
	5050
	8192
	171700
	20.96


The average number of RBs wasted due to a false positive uplink grant

When a false positive grant occurs, number of correctly assigned RBs will be affected by the interference from the false positive transmission. At last, correct HARQ transmissions would be failed or be successful. The impact of the false positive uplink grant is approximated in terms of the number of wasted RBs, which is the number of RBs used for the failed transmission, which would have been successful if the false positive transmission has not interfered. Following terminologies are defined. 
· N_assign: Number of RBs assigned by a correct grant. 
· N_false: Number of RBs assigned by a false positive grant.

· N_clean: Number of RBs not colliding with false positive RBs

· N_dirty: Number of RBs colliding with false positive RBs

· N_waste: Number of RBs wasted due to false positive RBs

In general, when false positive RBs are interfered whether or not an uplink transmission with the correct assignment is successful is depending on the ratio of dirty RBs. 

[image: image1.emf]...

84 84

..

92 92

...

100 100

..

108 108

..

116 116

..

124 124

..

132 132

..

140 140

..

148 148

..

156 156

..

164 164

..

172 172

..

RB1

RB2

RB3

RB4

RB5

RB6

RB7

RB8

RB9

RB10

RB11

RB12

RB13

RB14

RB15

RB16

RB17

RB18

RB19

RB20

RB21

RB22

RB23

RB24

RB25

False positive assignment CASE 3

CASE 1 : success

CASE 2: failure

Correct assignment


Figure 1. Description of the false positive grant impact
When the ratio of dirty RBs is low, it is likely that the impact from the false positive is limited so that the transmission succeed like there is no collision (CASE 3). When the ratio of dirty RBs is high, the impact from the false positive grant is relatively big. The transmission could be either successful (CASE 1) or unsuccessful (CASE 2).  

There would be no definite way to derive whether a HARQ transmission interfered with false positive transmission will be successful or not. To approximate the effect of a false positive transmission, a simple model is assumed that the HARQ transmission is successful if N_clean_actual ≥ N_clean_necessary + αⅹN_dirty_actual.
N_clean_actual is the number of clean RBs up to the concerned HARQ retransmissions. N_dirty_actual is the number of dirty RBs up to the concerned HARQ retransmissions. N_clean_necessary is the number of clean RBs needed for the successful HARQ transmission, which could be defined by the function of the HARQ success rates and the number of assigned RBs. 
Let’s assume the HARQ success rates are P1 in the initial transmission, P2 in the second transmission, P3 in the third transmission and so on. Then N_clean_necessary is N_assignⅹ1 with the probability of P1, N_assignⅹ2 with the probability of P2 etc. 
α is the parameter to represent the effect of the dirty RBs, and is depending on the multiple factors such as the Node B receiver performance, the energy ratio between the dirty RB and the clean RB etc. For simplicity, α is assumed as 1, meaning that when x dirty RBs are involved, exactly same number of additional clean RBs are required to get the HARQ transmission successful. 

When a transmission is failed, all the RBs used for the transmission are counted as the wasted RBs. When a transmission is successful, the number of wasted RBs is calculated as below.
The number of wasted RBs in successful transmission = number of RBs spent – number of RBs that would have been used for successful transmission if the false positive have not occurred ( = HARQ operating pointⅹN_assign_correct) 

5MHz BW system is assumed. To simplify the approximation, the number of RBs assigned by a false positive grant is assumed as 6 instead of 5.71. Other assumptions are listed below.

· HARQ operating point and the success rates are taken from E-DCH simulation result. (PA1, 512kbps)

· P1 = 0.00031383, P2 = 0.12573535, P3= 0.67149925, P4= 0.19248899 

· HARQ operating point = 3.03623824, MAX_TRANS_LIMIT = 4, N_assign = 4, N_false = 6

When a false positive grant occurs, a correctly assigned RBs could be either

· CASE 1: Dirty RB: Clean RB = 4:0

· CASE 2: Dirty RB: Clean RB = 3:1

· CASE 3: Dirty RB: Clean RB = 2:2

· CASE 4: Dirty RB: Clean RB = 1:3
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Figure 2. Cases to be considered

Below the number of wasted RBs per CASE will be approximated.

In case 1, there are four sub-cases in time domain. The first case is that the first transmission of the correctly assigned RBs collides with the false positive RBs (CASE 1-1).
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Figure 3. CASE 1-1
There is no chance that the transmission is successful in CASE 1-1 because N_clean_actual stay at 0. The number of wasted RBs in this case is simply the total number of RBs used for the transmission, which is 
N_waste = MAX_TRANS_LIMIT * N_assign = 4 * 4 = 16
In CASE 1-2 where the 2nd transmission of the correctly assigned RBs collides with the false positive RBs, another assignment follows after the first assignment fails. 
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Figure 3. CASE 1-2
The first assignment (AS1) succeed with the probability of P1. This is not counted because already taken into account in the CASE 1-1. The first assignment (AS1) fails at 4th transmission occasion and 16 RBs are wasted.
In the second assignment (AS2), N_clean_actual increases when the HARQ retransmissions are performed. At the 3rd transmission, N_clean_actual becomes more than N_dirty_actual by 4 RBs. This make the transmission successful with the probability of P1. At the 4th transmission, N_clean_actual becomes more than N_dirty_actual by 8 RBs. This make the transmission successful with the probability of P2. The number of the wasted RBs when the transmission succeed at the 4th transmission is (N_spent – N_normal) * P2 = 0.4847. In the calculation, N_spent denotes the number of RBs used until nth transmission. N_normal denotes the average number of RBs required for the successful transmission if false positive RB is not involved, which is HARQ operating point * N_assign = 3.04 * 4 = 12.16. Table 4 shows the total number of wasted RBs in AS2 which is 14.468.
<Table 4>

[image: image5]
In CASE 1-3 where the 3rd transmission of the correctly assigned RBs collides with the false positive RBs, another assignment follows after the first assignment fails. 
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Figure 3. CASE 1-3
The first assignment (AS1) succeed with the probability of [P1+P2]. This is not counted because already taken into account. The first assignment (AS1) fails at 4th transmission occasion and 16 RBs are wasted.
Table 5 shows the total number of wasted RBs in AS2 which is 16.
<Table 5>


[image: image7]
In CASE 1-4 where the last transmission of the correctly assigned RBs collides with the false positive RBs, another assignment follows after the first assignment fails. 
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Figure 3. CASE 1-4
The number of wasted RBs from the first assignment (AS1) is 16 like all the other sub-cases of CASE 1. Table 6 shows the total number of wasted RBs in AS2 which is 16.
<Table 6>

[image: image9]
The same calculation has been done for all the other CASEs. Table 7 shows the results.
<Table 7>

	
	N_waste
	
	N_waste
	
	N_waste
	
	N_waste

	CASE 1-1
	16.0000
	CASE 2-1
	16.0000
	CASE 3-1
	16.0000
	CASE 4-1
	14.4868

	CASE 1-2
	30.4679
	CASE 2-2
	30.4862
	CASE 3-2
	21.9240
	CASE 4-2
	19.9054

	CASE 1-3
	32.0000
	CASE 2-3
	31.9962
	CASE 3-3
	30.9904
	CASE 4-3
	13.8610

	CASE 1-4
	32.0000
	CASE 2-4
	32.0000
	CASE 3-4
	31.9975
	CASE 4-4
	30.4849


To get the number of wasted RBs per CASE, the probability that a certain sub-case happens should be calculated. The probability that CASE x-1 happens is the probability that a certain RB is used for the initial transmission. Likewise, the probability that CASE x-n happens is the probability that a certain RB is used for the nth transmission. They can be driven from the HARQ success rate as below. 

S1, S2, S3, S4 are the HARQ success rates based by the previous transmission. Then they are calculated from P1, P2, P3, P4 as below.

S1 = P1, S2 = P2/(1-P1), S3 = P3/(1-P1-P2), S4 = P4/(1-P1-P2-P3)
At the very beginning (opportunity 0), all the resource is allocated for the first transmission. At the next opportunity S1’s resource will be released for the scheduling, and (1-S1) resource will be used for the second transmission. At opportunity 2, S1 resource out of resource used for the 1st transmission and S2 resource out of resource used for the 2nd transmission will be released for the initial transmission. (1-S1) resource out of resource used for the 1st transmission will be used for the 2nd transmission. (1-S2) resource out of resource used for the 2nd transmission will be used for the 3rd transmission. The calculation has been done iteratively, and the probabilities for each transmission is saturated for certain values. That is shown in table 8. 

<table 8>
[image: image10.emf]Opportunity 0 1 2 3 4 5 6 7 8 ... 35 36 37 38 39 40 41 42 43 44 45

P(1ST) 1.000 0.000 0.126 0.672 0.219 0.169 0.504 0.304 0.221 ... 0.325 0.325 0.325 0.325 0.325 0.325 0.325 0.325 0.325 0.325 0.325

P(2ND) 0.000 1.000 0.000 0.126 0.671 0.219 0.169 0.504 0.304 ... 0.325 0.325 0.325 0.325 0.325 0.325 0.325 0.325 0.325 0.325 0.325

P(3RD) 0.000 0.000 0.874 0.000 0.110 0.587 0.191 0.148 0.440 ... 0.284 0.285 0.284 0.284 0.284 0.284 0.284 0.284 0.284 0.284 0.284

P(4TH) 0.000 0.000 0.000 0.202 0.000 0.025 0.136 0.044 0.034 ... 0.066 0.066 0.066 0.066 0.066 0.066 0.066 0.066 0.066 0.066 0.066


Normalized N_waste and total number of wasted RBs per CASE is shown in table 9.
< table 9>
[image: image11.emf]P(n) N_waste Normalized N_waste Normalized N_waste Normalized N_waste Normalized

0.3251 CASE 1-1 16.0000 5.2013 CASE 2-1 16.0000 5.2013 CASE 3-1 16.0000 5.2013 CASE 4-1 14.4868 4.7094

0.3250 CASE 1-2 30.4679 9.9015 CASE 2-2 30.4862 9.9075 CASE 3-2 21.9240 7.1249 CASE 4-2 19.9054 6.4689

0.2841 CASE 1-3 32.0000 9.0919 CASE 2-3 31.9962 9.0908 CASE 3-3 30.9904 8.8050 CASE 4-3 13.8610 3.9382

0.0658 CASE 1-4 32.0000 2.1060 CASE 2-4 32.0000 2.1060 CASE 3-4 31.9975 2.1059 CASE 4-4 30.4849 2.0063

CASE 1 TOTAL 26.3008 CASE 2 TOTAL 26.3056 CASE 3 TOTAL 23.2371 CASE 4 TOTAL 17.1228


From the result above, now it is possible to calculate how many RBs are wasted from a false positive UL grant is sustained until the maximum transmission limit is reached. 

As seen in figure 2, when a false positive uplink grant occurs, following 4 super-cases can happen with the equal probability

· Super-case 1

· all of four correct RBs are collided with the false positive RBs (CASE 1) + two RBs out of correctly assigned RBs are collided with the false positive RBs (CASE 3)

· Number of wasted RBs = 26.3008 + 23.2371 = 49.5379

· Super-case 2

· one RB out of correctly assigned RBs is collided with the false positive RBs (CASE 4) + all of four correct RBs are collided with the false positive RBs (CASE 1) + one RB out of correctly assigned RBs is collided with the false positive RBs (CASE 4)
· Number of wasted RBs = 17.1228 + 26.3008 + 17.1228= 60.5463
· Super-case 3

· two RBs out of correctly assigned RBs are collided with the false positive RBs (CASE 3) + all of four correct RBs are collided with the false positive RBs (CASE 1)
· Number of wasted RBs = 23.2371+ 26.3008 = 49.5379

· Super-case 4

· three RBs out of correctly assigned RBs are collided with the false positive RBs (CASE 2) + three RBs out of correctly assigned RBs are collided with the false positive RBs (CASE 2)

· Number of wasted RBs = 26.3056+ 26.3056 = 52.6112
The average number of wasted RBs from a single false positive grant when it is sustained until the maximum transmission limit is reached is 53.0584 (=(49.5379 + 60.5463 + 49.5379 + 52.6112)/4) 
A false positive grant is sustained either until the maximum number of transmissions is reached or until HARQ ACK is received. When a false positive grant occurs, ENB is not expecting the transmission hence not responding with HARQ feedback. UE, on the other hand, decodes supposed-to-be-PHICH resource where no signal is carried. Then the probability that a random signal is interpreted to HARQ ACK is 50%. It means that a false positive grant is sustained only once with 50% probability, two times with 25% probability, three times with 12.5% probability and so on. When the maximum transmission limit is 4, the probability distribution is as shown in table 10.

<table 10>

	P[a false positive grant is valid for the first transmission]: CASE A
	P[a false positive grant is valid until the second transmission]: CASE B
	P[a false positive grant is valid until the third transmission]: CASE C
	P[a false positive grant is valid until the last transmission]: CASE D

	0.5
	0.25
	0.125
	0.125


The number of wasted RBs for CASE D is approximated above as 52.6112. The number of wasted RBs for other cases can be approximated with the same ways used for CASE D. Table 11 shows the result for each case and the total number of wasted RBs.

<table 11>
	
	Probability
	# of wasted RBs
	Normalized # of wasted RBs

	CASE A
	0.50
	25.82
	12.91

	CASE B
	0.25
	32.85
	8.21

	CASE C
	0.13
	44.19
	5.52

	CASE D
	0.13
	52.61
	6.61

	Total
	33.26


The result could be different scenario by scenario. Especially, parameters such as α, HARQ success rate and operating point, number of RBs assigned by a correct grant and the number of RBs assigned by a false positive grant might affect the result. Table 12 shows the average number of wasted RBs from a single false positive grant in various scenarios.
<table 12>

	
	α
	HARQ configuration
	N_assign
	N_false
	N_waste

	SCENARIO 1
	1
	1
	4
	6
	33.26

	SCENARIO 2
	0
	1
	4
	6
	24.35

	SCENARIO 3
	1
	2
	4
	6
	29.11

	SCENARIO 4
	0
	2
	4
	6
	23.98

	SCENARIO 5
	1
	1
	2
	6
	28.41

	SCENARIO 6
	1
	1
	4
	4
	24.42


HARQ configuration is about the HARQ operating point and success rates, that are shown in table 13. HARQ configuration 1 is the one used in the detailed analysis above. 
<table 13>
	HARQ config. 1
	HARQ config. 2

	P1
	0.0003 
	P1
	0.4000 

	P2
	0.1257 
	P2
	0.3000 

	P3
	0.6715 
	P3
	0.2000 

	P4
	0.1925 
	P4
	0.0900 


The figures in the table 12 show the tendency that the number of wasted RBs is proportion to N_assign and N_false, and inverse proportion to α. It is also seen that the number of wasted RBs does not change drastically. 
The overall impact to the system

Assuming the approximation is valid that a false positive uplink grant wastes 33.26 RBs, the ratio of wasted RBs by the false positive dynamic uplink grants is shown in table 14. In the table, On-duration/DRX ratio is assumed to be 50%. Hence, the false positive interval is 43.69 second and the total number of RBs per false positive interval is 1092500 (=43.69 * 25 * 1000). 
<table 14> Ratio of wasted RBs by the false positive dynamic grants
	# of UEs
	100
	500
	1000
	10000

	# of wasted RBs
	3326
	16630
	33260
	332600

	Ratio of wasted RBs
	0.30%
	1.52%
	3.04%
	30.44%


Regarding SPS, the wasted RBs will be huge if the implicit release is not used. Assuming an efficient implicit release mechanism is provisioned so that a false positive SPS grant is released after 2 HARQ transmission sets, the results are shown in the table 15. HARQ transmission set is the group of HARQ transmissions to complete the transmission of a MAC PDU. 
<table 15> Ratio of wasted RBs by the false positive SP grants. 
	# of UEs
	100
	500
	1000
	10000

	# of wasted RBs
	6652
	33260
	66520
	665200

	Ratio of wasted RBs
	0.61%
	3.04%
	6.09%
	60.89%


It should be noted that only two code points of ‘Cyclic Shift for DM RS’ is assumed to be used. In fact, this field is not useful at all in SPS. Therefore we can fix the value of ‘Cyclic Shift for DM RS’, which in turn double the false positive interval and decrease the ratio of wasted RBs by two times. If so, the ratio of wasted RBs in SPS is same as that of the dynamic scheduling.
3.
Conclusion

The results shown in the table 14 and in the table 15 are driven based on the following assumptions.

· HARQ configuration 1as shown in the table 11
· A correct uplink grant assigns 4 RBs

· A false positive uplink grant assigns 6 RBs
· Only two code points out of eight in Cyclic Shift for DM RS field are meaningful. 
If the target ratio of wasted RBs is 0.1 % and the target number of connected UEs in a cell is 500, the false positive frequency shall be enhanced by 15 times to decrease the ratio from 1.52% to 0.1%. This is of course different depending on what requirement is assumed. 

The result shown in the table 15 are driven based on the following additional assumptions.

· Implicit release mechanism is provisioned so that a false positive SPS grant is released after 2 HARQ transmission sets.

If the target ratio of wasted RBs is 0.1% and the target number of VoIP UEs in a cell is 500, the false positive frequency shall be enhanced by 30 times to decrease the ration from 3.04% to 0.1%. If the ‘Cyclic Shift for DM RS’ is fixed to a value, the level of required enhancement is decreased by two times to 15.
It is proposed to discuss the result. If the analysis in the contribution is technically correct, it is proposed to take the level of required enhancement as the target value in discussing the further enhancements.
3GPP
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