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1. Introduction
In RAN2#54 a start point is set that only random id is included in the 1st uplink transmission. The random id acctually is the sequence of the signature in the preabmle. This document intent to divide those signature sequences into two types: one is for handover access only called reserved signature and another mainly for random access or handover access sometimes called non-reserved signature.
2. Discussion
The most important performance for the non-synchronized random access is the delay. And the delay mainly result from the contention resolution scheme. If only a random id is included in the preamble, from the figure 1 in the [1],we can see the contention will be resolved after step4 for all kinds of random access despite their different causes. 
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Figure 1

While the requirement for the delay depends on the access cause e.g. initial access, acquisition for UL synchronization or handover to a non-synchronized cell etc. and requirement for handover access is relatively more restrict because the more delay is introduced during random access the more interruption time in user plane. And users are apparently more sensitive to interruption time in connected state than to delay from idle state or from dormant non-synchronized state. Due to the more restrict delay requirement handover access may have less throughput because of less retransmission or even no retransmission is permitted. While failed handover execution could result in worse quality of service or even call drop because radio link in the serving cell is degradating since handover prepare phase. 
In [2] it is estimated about 2/3 random access are handover access. It will be really attractive if handover access can experience less collision or even no collision.
2.1. Rationale
One way to differentiate between handover access and other access cause is to divide signature sequence into two type, one is for handover access and another is for other non-synchronized access causes.
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Figure 2

According to slotted ALOHA theory the collision possibility one UE may experience if it does send a random access is[3]:
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Part of the signatures will be reserved according to the proportion between handover accesses and other random accesses. Those left signatures are called non-reserved signature. From part B of the figure 2 it is clear that the proportion between number of random access and non-reserved signatures i.e. G is kept the same because handover accesses will not share the non-reserved signatures any more. According to formula (1) the collision possibility for left random access is also kept unchanged.
Those reserved signatures are regulated by eNB. when receiving a handover request from source eNB , target eNB will decide to allocate a reserved signature to the UE as well as the RACH channel where the assigned signature is located if more than one RACH channels are involved. In order to keep the assigned signature unique in the radio interface it is necessary to lock the assigned signature unless condition is fulfilled to release it so target eNB can assign it once more. A protection timer also will be set for the locked signature to prevent endless waiting. and eNB will also allocate a temporary UE ID e.g. C-RNTI for the UE. The one to one relationship between the C-RNTI and the assigned signature sequence can be easily established afterwards.

The duration from when target eNB assign the reserved signature to when releasing condition is fulfilled e.g. handover complete message is received is defined as recycle period.If we look the Figure 13.6.2 -1 of [4] closely the recycle period for the reserved signature is about a+3b i.e. 35 ms. it could be longer for the handover failure case e.g. 50ms.

when a UE send a handover access on the assigned RACH channel eNB can easily distiguish it from other random access throught the signature it is using. And eNB can also identify the UE exactly by mapping the used signature and RACH channel to the C-RNTI. UE will experience no collision in the radio interface because used signature is unique in the radio interface.
In some extreme case reserved signatures may be not enough to deal with bursty traffic. For example one bus full of connecting UE pass an overlapping area of two cells. In case of this eNB can signal UE that no reserved signature is available in current recycle period so UE can choose to send random access message by selecting a non-reserved signature. UE can get non-reserved signatures related information from handover command message directly or in the system information.
2.2. Collision possibility comparision
Discussion in RAN2 #54 meeting in Tallin suggest 1% or lower collision possibility of random access seems acceptable. That means if collision possiblity is higher than the uplimit some countermeaures e.g. to configure more RACH channel should be taken. 

Parameter G in formula (1) could be taken as a quantity to measure the collision possibility. In the following Figure 3 the parameter G of two solutions i.e. only random id in preamble (solution A) and solution of this document (solution B) is compared:
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figure 3

Parameter X means total number of random access per second. The figure could be divided into 4 part: 

· Part 1:  X <=X*,  X* corresponds to parameter G equal 0.01

· Part 2:  X*=<X<=X2, X2 correspond a situation where reserved signatures are enough to be allocated for bursty handover access

· Part 3:  X2=<X<=X3, X3 correspond a situation where reserved signatures are not adequate enough for bursty handover accesses.
· Part 4:  X>X3 where collision possibility of random access of solution B is higher than that of solution A.

In part 1 network is under normal operation for most of the time. For solution B collision possibility of random access is the same as that of solution A, and all handover accesses experience no collision.
In part 2 a number of UEs in connected state move into a cell some times in short while. these UEs will send random accesses with dedicated reserved signatures. For solution B because reserved signatures are enough, all handover accesses experience no collision while random accesses are kept unchanged. For solution A these bursty handover accesses will share signatures with other random accesses, parameter G will increase linearly.
In part 3 a lot of UEs in connected state surgen into a cell occasionally. For solution B because reserved signatures are not enough for bursty handove accesses, These overrun UEs will then send random access by selecting a non-reserved signature. Thus extra burden increase the collision possibility of random access faster due to less non-reserved signatures. but it is still smaller comapred with solution A because most of handover accesses are absorbed by using reserved signatures.
In part 4 Situation become worse for solution B in terms of collision possibility. It is still not clear it will happen in reality. But even it occurs unfortunately collision free handover access should also be take into account. Following numeric comparison may help us figure out how could it be based on listed assumption:

· recycle period for reserved signature is 40ms

· 64 signatures in one random access slot (*)
· interval time is 10ms for random access slot

· 2 random access channels are configured in a cell of 5MHz bandwidth
· 50% of all signatures is reserved

· G1=0.5%, then X1=64, a=128
* agreement reached in RAN1
and then we get result depicted in Fgure 4 (caculation see Annex A):

[image: image5.emf]0

X/s

G

64 1632 3258

0.5%

1%

12.75%

25.45%

128

solution A

solution B, random access 

solution B, handover access 

-G 

c

e - 1 P



0.5%

1%

11.97%

22.47%


figure 4

If these bursty traffic also include random access , part 2 and part 3 will shrink. It is depicted by the dashed blue line in figure 4. it could happen for example a group of users in a bus run through a border of two tracking areas in short while. Since we suppose to have a network whose collision possibility of random access is less than 1%. it is better to configure more random access channel to ease the problem. Another way is to reserve less signatures if radio resource is limited because proportion of handover access become smaller in average.
3. Conclusion 
Considering more restrict requirement on delay and reliability for non-synchronized handover it is necessary to differetiate between handover access and other random access. One way is to reserve signatures dedicated for handover access according to the proportion between them which will result in:
· No collision for handover access which means less delay and higher reliability as well as more throughput
· No affecting on collision possibility of other random access
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Annex A
G1=0.5%  =>   X1=64
(X2-X1)/(1000/40)+X1/(1000/40)*50% = 2*64*50%  =>  X2=1632, G2=12.75%
(X3-X2)/(2*64*0.5)+0.005 = X3/(2*64)            =>   X3=3258, G3=25.45%
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