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1. Introduction

In this document, we estimate the required number of signatures to transmit control information on random access signature sequence implicitly in term of the achievable collision probability.
2. Evaluations
2.1. Collision probability without control information
For the collision probability calculation methodology, the simple statistical method is used, i.e. based on Poisson distribution [4] 

 REF _Ref143885425 \n \h 
[5] 

 REF _Ref143881800 \n \h 
[6] . The probability of k random access attempts occurred at one transmission opportunity Poppt(k) is defined as
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where  is the average number of random access attempts per second, NTNFNsig is the random access transmission opportunities per second. If NTNFNsig is the same value, Poppt(k) does not depend on each values of NT, NF and Nsig. The other parameters are shown in Table 1.

The collision probability per opportunity, i.e. per one signature index Pcollision_sig, is defined as
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The evaluation results of the collision probability per random access opportunity to the number of random access attempts per second are shown in Figure 1, where UEs randomly choose one of the available signatures 16, 32 or 64 when the random access opportunities are 1600, 3200 or 6400.
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Figure 1 Collision probability per random access opportunity.
Table 1 the definition and values of parameters for evaluation.

	Parameters
	Value

	Bandwidth of RA frequency block (BWRA)
	1.25 MHz

	Total bandwidth of RA frequency block (BWtot)
	1.25 MHz

	Length of RA time slot (TRA)
	0.5 msec

	Time interval of tow RA time slots (TRA-REP)
	10 msec

	Number of time slots per second (NT (=1/TRA-REP))
	100

	Number of frequency blocks per time slot (NF (=BWtot/BWRA))
	1

	Number of preamble sequences (Nsig)
	16 / 32 / 64


2.2. Collision probability with control information

In this section, we evaluate the required number of signatures to achieve the same or better collision probability as 16 signatures contained only random ID, when few control information bits are transmitted on signature sequence in addition to random ID.
In the evaluation, we use 4 and 8 control information indices (i.e. 2 or 3 bits), and 32 or 64 signatures used, where the each available signatures are allocated to one of the 4 or 8 control information indices uniformly. Therefore, UEs can randomly choose one of signatures mapped to the control information index to be transmitted. And then, we evaluate the collision probability when the occurrence probability of control indices has deviation. Specifically, different occurrence probability is given for the control information index “A”, and the remaining occurrence probability is given to the remaining control indices equally, as shown in Table 2 and Table 3. In addition, the collision probability of 16 signature sequences without control information like as WCDMA [2] , is used for the reference. 
The average collision probability per one signature index Pcollision_sig is defined as
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where pi is the occurrence probability of the i-th control index, M is the number of control indices.
Table 2 Signature allocation and given occurrence probability deviation (4 control information indices).

[image: image5.emf]32 signatures 64 signatures case (1) case (2) case (3) case (4) case (5)

A 1-8 1-16

25.0% 37.5% 50.0% 62.5% 75.0%

B 9-16 17-32 25.0% 20.8% 16.7% 12.5% 8.3%

C 17-24 33-48 25.0% 20.8% 16.7% 12.5% 8.3%

D 25-32 49-64 25.0% 20.8% 16.7% 12.5% 8.3%

Given sets of occurance probability deviation

Contrl

information

Allocated signature ID


Table 3 Signature allocation and given occurrence probability deviation (8 control information indices).
[image: image6.emf]32 signatures 64 signatures case (1) case (2) case (3) case (4) case (5)

A 1-4 1-8

25.0% 37.5% 50.0% 62.5% 75.0%

B 5-8 9-16 10.7% 8.9% 7.1% 5.4% 3.6%

C 9-12 17-24 10.7% 8.9% 7.1% 5.4% 3.6%

D 13-16 25-32 10.7% 8.9% 7.1% 5.4% 3.6%

E 17-20 33-40 10.7% 8.9% 7.1% 5.4% 3.6%

F 21-24 41-48 10.7% 8.9% 7.1% 5.4% 3.6%

G 25-28 49-56 10.7% 8.9% 7.1% 5.4% 3.6%

H 29-32 57-64 10.7% 8.9% 7.1% 5.4% 3.6%

Contrl

information

Allocated signature ID

Given sets of occurance probability deviation


Collision probability of 4 control information indices (2 bits)
The average collision probability per opportunity in case of 4 control information indices transmitted on 32 signatures or 64 signatures is shown in Figure 2(a) and Figure 2(b), respectively.
From the evaluation of 32 signatures, when the occurrence probability on the index A is less than 62.5%, the average collision probability is better than the reference, which is 16 signatures without control information index. Therefore, 32 signature indices would be enough to transmit 4 control information indices. In addition, in the case of 64 signatures, the average collision probability is always better than the reference for any occurrence probability of the index A.
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o


l


l


i


s


i


o


n


 


p


r


o


b


a


b


i


l


i


t


y


 


p


e


r


 


o


p


p


o


r


t


u


n


i


t


y


A


v


e


r


a


g


e


 


n


u


m


b


e


r


 


o


f


 


R


A


 


a


t


t


e


m


p


t


s


 


p


e


r


 


s


e


c


o


n


d


4


 


c


o


n


t


r


o


l


 


i


n


d


i


c


e


s


 


w


i


t


h


 


3


2


 


s


i


g


n


a


t


u


r


e


s


 


c


a


s


e


(


1


)


 


A


:


 


2


5


.


0


%


,


 


B


-


D


:


 


2


5


.


0


%


 


c


a


s


e


(


2


)


 


A


:


 


3


7


.


5


%


,


 


B


-


D


:


 


2


0


.


8


%


 


c


a


s


e


(


3


)


 


A


:


 


5


0


.


0


%


,


 


B


-


D


:


 


1


6


.


7


%


 


c


a


s


e


(


4


)


 


A


:


 


6


2


.


5


%


,


 


B


-


D


:


 


1


2


.


5


%


 


c


a


s


e


(


5


)


 


A


:


 


7


5


.


0


%


,


 


B


-


D


:


 


 


 


8


.


3


%


N


o


 


c


o


n


t


r


o


l


 


i


n


d


e


x


 


w


i


t


h


 


1


6


 


s


i


g


n


a


t


u


r


e


s


 


R


e


f


e


r


e


n


c


e


 


f


o


r


 


c


o


m


p


a


r


i


s


o


n


1


0


1


0


0


1


0


0


0


1


0


-


5


1


0


-


4


1


0


-


3


1


0


-


2


1


0


-


1




C

o

l

l

i

s

i

o

n

 

p

r

o

b

a

b

i

l

i

t

y

 

p

e

r

 

o

p

p

o

r

t

u

n

i

t

y

Average number of RA attempts per second

4 control indices with 32 signatures

 case(1) A: 25.0%, B-D: 25.0%

 case(2) A: 37.5%, B-D: 20.8%

 case(3) A: 50.0%, B-D: 16.7%

 case(4) A: 62.5%, B-D: 12.5%

 case(5) A: 75.0%, B-D:   8.3%
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(a) 32 signatures
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Average number of RA attempts per second

4 control indices with 64 signatures

 case(1) A: 25.0%, B-D: 25.0%

 case(2) A: 37.5%, B-D: 20.8%

 case(3) A: 50.0%, B-D: 16.7%

 case(4) A: 62.5%, B-D: 12.5%

 case(5) A: 75.0%, B-D:   8.3%
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(b) 64 signatures.
Figure 2 Collision probability per opportunity in case of 4 control information indices on signatures.
Collision probability of 8 control information indices (3 bits)
The average collision probability per opportunity in case of 8 control information indices transmitted on 32 signatures or 64 signatures is shown in Figure 3(a) and Figure 3(b), respectively.
From the evaluation, with 32 signatures, in order to achieve better average collision probability performance than the reference, the occurrence probability concentrating on the index A has to be around or less than 37.5%. This does not have enough margin. Meanwhile, with 64 signatures, the average collision probability is better than the reference, up to 62.5% of random access attempts concentrating to the index A. Therefore, 8 control information indices can be transmitted by using 64 signature indices.
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Average number of RA attempts per second

8 control indices with 32 signatures

 case(1) A: 25.0%, B-H: 10.7%

 case(2) A: 37.5%, B-H:   8.9%

 case(3) A: 50.0%, B-H:   7.1%
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(a) 32 signatures
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 case(2) A: 37.5%, B-H:   8.9%
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(b) 64 signatures.
Figure 3 Collision probability per opportunity in case of 8 control information indices on signatures.
2.3. Conclusion

In order to estimate the required number of signatures to transmit few control information bits on non-synchronized random access burst, we evaluated the achievable average collision probably per signature index in the different the accentual occurrence probability and in the expected occurrence probability.  
Based on the evaluation, we concluded as follows:
· 32 signatures are enough to contain 4 control information indices.

· 64 signatures are enough to contain 8 control information indices.
· In both case, the same or better collision probability is achieved compared with 16 signatures without control information, even if the occurrence probability is deviated away from expectation.
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