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1. Introduction
Content in the first uplink transmission has been discussed for long time in RAN2 online or offline. And we think the content (4~6 bits) in access preamble could be:

	access cause(1bit)
	temproray ID(3~5)

	0: random access
	random ID

	1: handover access
	handover reference


Non-synchronized handover can get access to eNB based on non-contention way by using unique allocated handover reference while other random access procedures based on contention way. And handover reference is described in the figure 1:
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Figure 1

In this document the feasibility of the handover reference is discussed based on comparison between system with it and and a system which contain only random ID in the access preamble.
2. Discussion
2.1. Handover capability 
Handover capability means within handover reference recycle period how many users can handover into one cell on one RACH channel. The most important performance is handover success rate.

2.2. Handover reference recycle period 
In [2] figure 13.6.2 -1 depict U-plane interruption time of the intra-RAT handover procedure. 
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Figure 13.6.2 -1
The handover reference will be allocated when target eNB receive HO request message and will release it when target eNB receive handover complete message. Assuming handover command message could be transmitted as fast as HO complete message and HO request confirm message is tranfered between eNB less than HO command is done in radio interface, the whole occupied period of one handover reference is less than (a)+3(b), i.e. 35ms. if the handover reference could be recycled after 10ms after handover procedure complete, all the handover reference become avaiable after 50ms once again. So the handover refernce recycle period is 50ms.

In case handover failure, the used handover reference could be recycled after e.g.150ms i.e. 3 period.
2.3. Comparison assumption 
In order to compare between system with or without handover reference following assumptions are adopted:
1. access slot interval is 10ms

2. handover reference recycle period is 50ms i.e. 5 access slots
3. handover will fail only due to collision
4. 6 bits is included in random preabmle of which 5 bits is used for handover reference.
5. about 20% users are active in network
2.4. Typical scenarios and comparison
Scenario 1: one macro cell with 1000 users. Every active user stays in the cell for average 1 minutes. 50% of them will move out of the cell.
Scenario 2: users within one bus at high speed are passing a cell border. All active users will trigger handover.
Scenario3: users within a train at high speed are passing a cell border which is also a border of TA(tracking area). That means every user in idle state will get access to eNB due to TA upate except for active users.
In order to present in a simple way following abbreviation is adoped:

system H : a system using “access cause” and handover reference in preamble

system R : a system with only random ID in preamble

In scenario1, within 50ms less than 1 user (1000*20%*0.5 *(50/60000)) will trigger handover, so both system can support it completely.
In scenario2
for system H, because target eNB can guarantee no conflict between UEs, so the max number of users who can pass the border is 32 :
	trying users
	passed users
	ho fail users
	ho suc rate

	32 
	32 
	0 
	100.00%


Table 1

for system R, signature used in neigbouring access slot is independent. And users who will get access to the network for other purpose e.g. normal service or periodly tracking area update within 50ms could be ignored. All these aspects help get high handover capacity, table 2 depict number of tried users and passd users:
	trying users
	G*
	Psuccess
	passed users
	ho suc rate

	200 
	0.6250 
	33.45%
	107 
	53.53%

	150 
	0.4688 
	29.33%
	93 
	62.58%

	100 
	0.3125 
	22.86%
	73 
	73.16%

	64 
	0.2000 
	16.37%
	52 
	81.87%

	48 
	0.1500 
	12.91%
	41 
	86.07%

	32 
	0.1000 
	9.05%
	28 
	90.48%


Table 2
*, **refer to [3]

*G=N/(5*2^6), N: number of active users who try to handover
** 
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*** passed users=(5*2^5)*Psuccess
In scenario 3
This maybe the worst scenario for the system H if handover failure is taken into account because it will take 3 periods for target eNB to recycle handover reference used in the failed procedure. Assuming handover success rate is 95% due to other affecting element than collision. For system H table3 could depict tried users and passed users as well as handove success rate:
	trying users
	passed users
	ho fail users
	ho suc rate

	32 
	30 
	2 
	93.75%

	30 
	28 
	2 
	93.33%

	28 
	26 
	2 
	92.86%

	28 
	26 
	2 
	92.86%

	28 
	26 
	2 
	92.86%


Table 3
This maybe also the worst scenario for system R because signatures are shared among all users including active users and those users who want send TA update message and collision probability increases greatly.Table 4 depict number of tried users and passd users:
	trying users
	G*
	Psuccess**
	passed users***
	ho suc rate

	64
	1
	36.79%
	22
	36.79%

	48
	0.75
	35.43%
	21
	47.24%

	32
	0.5
	30.33%
	18
	60.65%

	16
	0.25
	19.47%
	11
	77.88%


Table 4
*G=N/(5*2^6), N: number of active users who get access to eNB for handover and other purpose from idle state.
** Psuccess: success probability for all users
*** passed users=(5*2^6)*Psuccess*20%
2.5. comparison analysis

For scenario 1 where active users move in and out of cell slowly, both system can work perfectly thanks to very short handover interruption time.
For scenario 2 system H’s handover capability seems limited. If the requirement for more than 32 users to handover “at the same time” i.e.within 50ms is rare, system H can work soundly also. Despite the restrictition of length of handover reference up to 640 users per second could accomplish handover! For system R if handover success rate is demanded to be more than 90% only 28 users do it. More than 32 users can succeed in handover , however at the cost of lower handover success rate. For example if 64 users want to handover only 52 of them can finish it successfully.
For scenario 3 maybe the worst case both for system H and system R. for system H by using access cause, signatures used by handover access are completely indepent from other users in idle state. Because lost handover reference can be recycled quickly, high handover success rate is kept steadily. while for system R because random access radio resource is shared among all users. when all users want to get access to eNB high collision burst out. That’s why system R have to trade off between number of success users and handover success rate. And the handover success rate is too low to meet the ordinary requirement of network operation.
3. Conclusion 
System using handover reference in access preamble can work soundly only if its handover capability can be accepted e.g. up to 32 users can accomplish non-synchronized handover at the same time i.e. within 50 ms on one random access channel if 5 bits is used.
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