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Introduction
3GPP GERAN has an ongoing study item to consider if any changes are required to the GERAN specifications to support Machine Type Communication [1]. Furthermore, 3GPP GERAN has agreed a work item in [2] to make improvements to GERAN radio interface to support Machine Type Communication (MTC). 
This document considers the impact of MTC devices on the Access Grant Channel (AGCH). With MTC device such as smart meters it is possible to have very large number of devices within a cell and all these devices could be configured to send reports to the server on a regular bases. It is possible for the network to receive up to 51 channel requests within one 51-multi-frame on CCCH but it is only possible to send at most 9 assignment messages within one 51 multi-frame [6]. The downlink CCCH capacity limitations have been shown in [3], [4] while one approach to increase the AGCH capacity has been shown in [5]. 
Implications of AGCH limitation
The large imbalance between RACH and AGCH channel can have severe consequences for the network as follows:

· MTC device sending repeated channel requests will lead to congestion on Random Access Channel which will impact all MTC and normal mobile devices requesting service in that cell.

· MTC device will perform cell reselection if no response received from network after having transmitted maximum number of channel requests. This has implications for neighboring cells and in some cases increased core network traffic as a result of routing/location area updating. 
The best way to minimize these two domino effects is for the network to respond to the channel request as quickly as possible. There are two possible options:

· The network could reject the request from the MTC device by sending IMMEDIATE ASSIGNMET REJECT message. This message can address up to 4 different MTC devices. This will stop the MTC device from sending further channel requests for a period of time but this is only delaying the activity until later. For some MTC applications the delay could be too large and unacceptable. (e.g. eHealth devices)
· The network could assign a minimal set of resources to the device so that further resources can be assigned using this minimal set of resources. 

This document provides a mechanism for the network to assign minimal set of packet resources to 2 or more MTC devices within one message in single Radio block and then further resources can be assigned as required using the minimal set of packet resources. 

Proposal for new assignment message
The main concept of the proposal is to assign resources to multiple mobile devices within one radio block. Mobile devices requesting packet resources generally share some of the packet channel parameters with other mobile devices (such as timeslot, frequency, training sequence) while other parameters (such as USF, TFI) are unique to each mobile device. Using this fact the assignment messages can be compressed to enable more than one mobile device to be assigned packet resources. Furthermore when network is responding to a RACH the address information is unique to each device but even then some compression is possible.
Using this approach a possible assignment message is shown below.

PACKET IMMEDIATE ASSIGNMENT message content

	IEI
	Information element
	Type / Reference
	Presence
	Format
	length

	
	L2 Pseudo Length
	L2 Pseudo Length
	M
	V
	 1

	
	RR management Protocol Discriminator
	Protocol Discriminator
	M
	V
	1/2

	
	Skip Indicator
	Skip Indicator
	M
	V
	1/2

	
	Immediate Packet Assignment Message Type
	Message Type
	M
	V
	1

	
	Page Mode
	Page Mode
	M
	V
	1/2

	
	Channel Coding Command
	Modulation and Coding
	M
	V
	1/2

	
	PIA Rest Octets
	IA Rest Octets

	M
	V
	19


	<PIA Rest Octets> ::=


{ 
LL




| LH
< Packet Uplink Assignment >

| HL
< Packet Downlink Assignment >
| HH 
<Packet Single Block Uplink Assignment >


}


<spare padding>;

<Packet Uplink Assignment > : :=

{ 
1 { 
< Random Reference : bit (11) >



< FN_OFFSET: bit (6) >
; Offset added to FN computed from T1’, T2 & T3.



< GAMMA : bit (5) >



< Timing Advance : bit (6) >



< TFI_ASSIGNMENT : bit (5) >



< USF: bit (3) > 


} ** 0;
Repeated as many times as necessary, once for each addressed device.


< T1’ : bit (5) >


< T2: bit (5) >


< T3: bit (6) >


< TN : bit (3) >


< TBF_MODE: bit (1) >
; This bit only relevant for TBF assignment. 0 means GPRS TBF, 1 means EGPRS TBF


0
; Use BCCH frequency


|1 {< Frequency Parameters: Frequency Parameters IE >}

}

<Packet Single Block Uplink Assignment > : :=

{ 
1 { 
< Random Reference : bit (11) >



< FN_OFFSET: bit (6) >
; Offset added to FN computed from T1’, T2 & T3.



< GAMMA : bit (5) >



< Timing Advance : bit (6) >



< Relative Starting Time: bit (6) > 


} ** 0;
Repeated as many times as necessary, limited by the space in the message.


< T1’ : bit (5) >


< T2: bit (5) >


< T3: bit (6) >


< TN : bit (3) >

0
; Use BCCH frequency


|1 {< Frequency Parameters: Frequency Parameters IE >}

}
< Packet Downlink Assignment > ::=

{


1 {
< TLLI : bit (32) >



< TFI_ASSIGNMENT : bit (5) >



< GAMMA : bit (5) >



{ 0|1 < Timing Advance : bit (6) > }


} ** 0


< RLC_MODE : bit >


< TN : bit (3) >


0|1 < LINK_QUALITY_MEASUREMENT_MODE : bit (2) > ; Also indicates EGPRS TBF.


0
; Use BCCH frequency


|1 {< Frequency Parameters: Frequency Parameters IE >}

}



	


The key elements of this proposal are:

· Mobile device specific parameters: Address information, power control, timing advance and starting times.
· Note that in the case of random reference address information the frame number is computed by adding the device specific FN_OFFSET to the common frame number expressed by T1, T2 & T3.
· Common parameters that apply to all devices: frequency, timeslot, TBF mode, channel coding command
· Note: only one timeslot assigned.

· Channel Coding Command interpreted as CS-1 to CS-4 or MCS-1 to MCS-9 depending on the TBF mode.

· Some parameters are not provided within assignment message and default/broadcast values apply: Alpha & window size.

· All addressed devices are assigned either an uplink TBF only, downlink TBF only or single block assignment only.

The number of mobile devices that can be address using this approach is shown in Table 1.
Table 1 Number of devices addressed 
	
	Single Block
	Uplink
	Downlink

	Frequency Hopping
	3
	3
	2

	Non-hopping
	3
	3
	2

	BCCH carrier
	3
	3
	2  


Conclusion 

This paper highlights the implications of large imbalance between Random Access and Access Grant channels. The paper also proposes a new assignment message that can reduce the imbalance by allowing up to three devices to be assigned packet resources using a single assignment message that fits into one radio block.
Reference

[1] GP-092418, Study on ‘GERAN Improvements for Machine-type Communications’, 3GPP GERAN #44, November 2009
[2] GP101640, WID: Stage 3 for Network Improvements for Machine type Communications, 3GPP GERAN #47, August 2010.
[3] GP-100893, Downlink CCCH Capacity Evaluation for MTC, 3GPp GERAN #46, April 2010.

[4] GP-101429, Resource constraints for MTC TBFs, 3GPP GERAN #47, May 2010.

[5] G2-100300, AGCH enhancement and performance comparison, 3GPP GERAN2 #47bis, October 2010.
[6] 3GPP TS 45.002, Radio access network, Multiplexing and multiple access on the radio path, Release 9.









Page 1 of 5

