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AGCH enhancement and performance comparison
1 Introduction
As analyzed in [1] [2] in previous meetings, when considering the CCCH capacity, AGCH is the bottleneck compared with the RACH. This paper proposes to solve this bottleneck by assigning two devices within one AGCH block and gives the performance comparison between assigning two devices and assigning one device in a single block.
2 Performance comparison on CCCH
2.1 Enhanced AGCH
In CS domain, the network can response the channel request by assigning two devices in one immediate assignment extended message. If this legacy method can be introduced to the assignment of PS resource, AGCH capacity can be improved greatly. To support assigning two devices in one immediate assignment message, a new message type should be introduced and the device needs to include an indicator in the (packet) channel request.
Following is a possible way to assign PS resource for two devices in one AGCH block. A new immediate assignment enhanced message is introduced and the details are following with change marks based on Immediate Assignment Extended message.
Table 9.1.19a.1: IMMEDIATE ASSIGNMENT ENHANCED message content

	IEI
	Information element
	Type / Reference
	Presence
	Format
	length

	
	L2 Pseudo Length
	L2 Pseudo Length
10.5.2.19
	M
	V
	 1

	
	RR management Protocol Discriminator
	Protocol Discriminator
10.2
	M
	V
	1/2

	
	Skip Indicator
	Skip Indicator
10.3.1
	M
	V
	1/2

	
	Immediate Assignment Enhanced Message Type
	Message Type
10.4
	M
	V
	1

	
	Page Mode
	Page Mode
10.5.2.26
	M
	V
	1/2

	
	Spare Half Octet
	Spare Half Octet
10.5.1.8
	M
	V
	1/2

	
	Enhanced Packet Channel Description 1
	Enhanced Packet Channel Description
10.5.2.25f
	M
	V
	3

	
	Request Reference 1
	Request Reference
10.5.2.30
	M
	V
	3

	
	Timing Advance Index 1
	Timing Advance Index
10.5.2.40a
	M
	V
	1/2

	
	USF 1
	USF

10.5.2.25g
	M
	V
	1/2

	
	Enhanced Packet Channel Description 2
	Enhanced Packet Channel Description
10.5.2.25f
	M
	V
	3

	
	Request Reference 2
	Request Reference
10.5.2.30
	M
	V
	3

	
	Timing Advance Index 2
	Timing Advance Index
10.5.2.40a
	M
	V
	1/2

	
	USF 2
	USF

10.5.2.25g
	M
	V
	1/2

	
	Mobile Allocation
	Mobile Allocation
10.5.2.21
	M
	LV
	1-5

	
	
	
	
	
	

	
	IAE Rest Octets
	IAE Rest Octets
10.5.2.18a
	M
	V
	0-4


Only one uplink timeslot can be assigned by using this Immediate Assignment Enhanced message. Other TBF related parameters may use default values as following, and these parameters can be adjusted by packet uplink Ack/Nack or timeslot reconfigure messages. To support EGPRS packet channel request, Spare Half Octet and the spare bit in each USF IE should be used. Total 6 bits can be acquired in this way which can be used to indicate the left 3 bit in EGPRS packet channel request message, but this will require the new immediate assignment enhanced supporting CSN.1 after Page Mode IE.
· TLLI_BLOCK_CHANNEL_CODING: CS-1 for GPRS and MCS-1 for EGPRS. 

· CHANNEL_CODING_COMMAND: CS-2 for GPRS and MCS-2 for EGPRS

· RLC_MODE: acknowledge mode

· RLC window size: 128

· Dynamic Allocation: activated

· Alpha: broadcasted in SI

· Gamma: broadcasted in SI

10.4
Message Type

Table 10.4.1: Message types for Radio Resource management

	8 7 6 5 4 3 2 1

	Channel establishment messages:

0 0 1 1 1 1 0 0
Reserved (see NOTE)

0 0 1 1 1 0 1 1
ADDITIONAL ASSIGNMENT

0 0 1 1 1 1 1 1
IMMEDIATE ASSIGNMENT

0 0 1 1 1 0 0 1
IMMEDIATE ASSIGNMENT EXTENDED

0 0 1 1 1 0 1 0
IMMEDIATE ASSIGNMENT REJECT
0 1 1 0 0 0 0 1
IMMEDIATE ASSIGNMENT ENHANCED



10.5.2.18a
IAE Rest Octests

FFS.

10.5.2.25f
Enhanced Packet Channel Description (changes made based Packet Channel Description in 10.5.2.25a)

	< Enhanced Packet Channel Description > ::=


<TFI : bit (5) >

< TN : bit (3) >


< TSC : bit (3) >


{ 
0




{ 
0
< spare bit >






< ARFCN : bit (10) >





-- non-hopping RF channel configuraion




 | 1 < spare bit >






< MAIO : bit (6) >






-- indirect encoding of hopping RF channel configuration





< MA_NUMBER_IND : bit >






{ 
0
< spare bits : bit (2) >







| 1
< CHANGE_MARK_1 : bit (2) > }




}



| 1




< MAIO : bit (6) >







-- direct encoding of hopping RF channel configuration



< HSN : bit (6) >


};




10.5.2.25g
USF

	8
	7
	6
	5
	4
	3
	2
	1
	

	USF IEI
	Spare bit
	USF
	octet 1


10.5.2.40a Timing Advance Index
	8
	7
	6
	5
	4
	3
	2
	1
	

	Timing Advance Index IEI
	Timing Advance Index
	octet 1


2.2 Simulation assumptions
Simulation assumptions are same as those described in Annex A of [3]. But scenario type T1 is simulated instead of T2, Poisson distribution is used instead of beta distribution, and the reporting period and the λ value are listed in the following table. All procedures including initial access and retransmission follow the rules defined in 44.018. Evaluations were made including RACH and AGCH on protocol level simulations for one cell with one non-combined BCCH. In this simulation, only 5 second reporting interval is considered, for other reporting interval, results can be deduced based on 5 second reporting interval.
	N(number of devices)
	100
	200
	300
	400
	500
	600
	700
	800
	900
	1000

	T(Reporting interval (s))
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5

	λ= N/T
	20
	40
	60
	80
	100
	120
	140
	160
	180
	200


Note:

1- user: assigning uplink TBF for one MTC device in one AGCH radio block.


2- user: assigning uplink TBF for two MTC devices in one AGCH radio block.
2.3 Performance comparison

Figure 1 ~ 3 are the ASR, Access Time and CCCH capacity of 1-user and 2-user respectively. From figure 1, it is obvious that the ASR of 2-user is almost twice of ASR of 1-user. From Figure 2, Access Time of 2-user is much shorter than 1- user. From figure 3, the capacity of 2-user is much higher than 1-user. 

Conclusion: assigning TBF for two devices in one AGCH block has more advantages on performance compared with legacy method.
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Figure 1: Comparison of ASR 
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Figure 2: Comparison of access time
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Figure 3: CCCH capacity comparison
3 Conclusion
To solve the bottleneck on AGCH, a possible method is proposed in this paper by including uplink TBF assignment for two devices in one immediate assignment message. Simulations are made for the proposed immediate assignment enhanced message and legacy immediate assignment message. From the simulation results, performance comparisons are made between 1-user (one AGCH block assigning one device) and 2-user (one AGCH block assigning two devices) mechanism. Results show that the ASR, Access Time, and CCCH capacity of 2-user mechanism are much higher than those of 1-user mechanism.
Proposal: it is proposed to support assigning TBF for two MTC devices in one AGCH block.
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