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1
Introduction

RAN2#59bis in Shanghai discussed E-RACH issue. It is currently open how we can distinguish preambles between legacy UEs and E-RACH UEs.
In this contribution, we compared several alternatives to distinguish preambles between legacy UEs and E-RACH UEs.
2
Discussion
The current preamble code Cpre,n,s consists of flowing formula.

Cpre,n,s(k) = Sr-pre,n(k) ( Csig,s(k) ( 
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, k = 0, 1, 2, 3, …, 4095;

where Sr‑pre,n is preamble scrambling code, Csig,s is a preamble signature. And available access slot of a preamble is defined based on 12 RACH subchannels.
2.1 Preamble signature sequence
In current specification, there are 16 signature sequences for preamble. The 16 signature sequences are divided into two groups. One of the groups is allocated to E-RACH UEs and another group is allocated to legacy UEs. Then NodeB can distinguish Legacy UEs and E-RACH UEs. This grouping can be performed by RRC. For example, 
  For Legacy UEs: Preamble signature group 1 = {0, 2, …, 7}
 For E-RACH UEs: Preamble signature group 2 = {8, 10,…., 15}
When it takes ASC into account, RNC assigns available signature for each ASC. There are little impacts for bath UE and NodeB when this method is introduced. However, this leads reduction of preamble signature resource and therefore increases of collision probability.
2.2 Subchannel pattern

In current specification, there are 12 subchannels which are mapped on available access slot and UE selects one access slot from available access slots based on SFN. Hence NodeB can distinguish each UE when the 12 subchannel are divided to two groups similar to solution1. This can be performed by RRC.
For example, 
For Legacy UE: Subchannel pattern 1 = {0, 2, 4, 6, 8, 10}

For E-RACH UE: Subchannel pattern 2 = {1, 3, 5, 7, 9, 11}

Table1: example of subchannel grouping
	
	Sub-channel number

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	For Legacy UEs
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0

	For E-RACH UEs
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1


When it takes ASC into account, NodeB assigns available subchannels for each ASC. Then subchannel assignment is allocated by repeating 3 or 4 times of 4 or 3 bit strings. It would be difficult to match assigned subchannel for ASC and subchannel grouping for distinction between legacy UEs and E-RACH UEs when this method is introduced. And this solution also leads reduction of access slot resource and increase of collision probability.
Table2: example of mismatch case between subchannel assignment and ramping timing
	
	Sub-channel number

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	Assignment for E-RACH UEs 
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0

	ASC1={1, 1, 0}
	1
	1
	0
	1
	1
	0
	1
	1
	0
	1
	1
	0

	ASC2={1, 0, 0}
	1
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0


In case of subchannel 1, if a UE which is allocated ASC1 attempts to send a preamble at subchannel 1, the UE can not send a preamble because subchannel 1 is not assigned for E-RACH UEs.
2.3 Preamble scrambling code

In this alternative, a secondary preamble scrambling code is assigned to a cell in addition to existing primary preamble scrambling code. If secondary preamble scrambling code is added for E-RACH UEs, NodeB can distinguish UEs without reducing signature and time resource. But NodeB should add one more AICH in order to response corresponding secondary preamble scrambling code in this method. However total DL transmission power of common channels would increase a bit. We assume that increased power level due to additional AICH is 3-5% of total DL transmission power.

Table2: Comparison to each solution
	
	 
	Merit
	Demerit
	NEC view

	1
	Preamble signature
grouping
	Easy implementation.
No reduction for access slot resource
Flexible grouping assignment.
	Increase collision probability due to reduction of preamble signature resource.
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	2
	Subchannel grouping
	No reduction for preamble signature resource
	Increase collision probability due to  reduction of access slot resource.
Difficult to match assigned subchannel for ASC and subchannel grouping for distinction between legacy UEs and E-RACH UEs
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	3
	Additional Preamble
Scrambling Code
	No reduction of preamble signature and access slot resource
	Increase channelization code consumption and tx power for additional AICH.

More effort for specification.
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3
Preamble collision probability
Figure 1 and 2 show the Preamble collision probability per one signature sequence for grouping preamble signature and subchannel. Figure 1 shows a comparison of a full preamble signature and a full access slot case with a preamble signature grouping case and a subchannel grouping case. Figure 2 shows a comparison of a full preamble signature with a limited preamble signature case. 
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Table3 shows the Preamble collision probability when (average number of RACH attempt per sec)is 100.  
Table3: Collision probability with limited number of preamble signature
	
	Condition
	Collision probability 

	1
	16 signature
	0.0034%

	2
	8 signature
	0.013%

	3
	4 signature
	0.054%

	4
	2 signature
	0.21%


From the above result, it seems to slightly increase collision probability when available preamble signatures are reduced to half numbers. Therefore alternative 1 looks also reasonable from the complexity and performance point of view.
4
Conclusions

In this contribution, we compared several alternatives to distinguish preambles between legacy UEs and E-RACH UEs. We propose following proposal 1 for distinction between legacy UEs and E-RACH UEs.
Proposal 1: To divide 16 signature sequences to two groups
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Appendix A: Assumptions and parameters for collision probability
[6] gives a result of collision probability in RACH of LTE case. We assumed a collision mode based on [6]. In this case, we assumed a simple Poisson distribution for the model of Preamble attempts. then the collision probability per one signature sequence, Pcollision_sign is given by

	Symbol
	Definition
	Assumption value

	NT 
	Number of time slots per second
	Full access slot: 750access slot/sec (15access slot/20ms * 50)
limited access slot:100access slot/sec (2access slot/20ms * 50)

	Nsign
	Number of preamble sequences 
	16 signature

	 
	Average number of non-synchronized RACH attempts per second
	Parameterized





















































Figure1: Collision probability in case preamble signature and subchannel are limited





Figure2: Collision probability in case number of preamble signature is limited








� EMBED Equation.3  ���








PAGE  
1

_985075493.unknown

_1254756123.unknown

