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Optimized System Access Procedure
Abstract
In light of increasing CCCH congestion problems anticipated as a result of M2M traffic and frequent small packet transmissions generated by smart phones an enhanced procedure for PS domain triggered system access referred to as Optimized System Access Procedure (OSAP) is considered herein. The key objective of OSAP is to increase AGCH capacity by minimizing the size of the MS specific information carried within AGCH based assignment messages. This can be accomplished by offloading the transmission of certain radio parameters to system information, limiting the content of the assignment messages to what is strictly necessary to direct a mobile station to a packet resource and using the PACCH of the packet resource to assign the MS any remaining information it requires for uplink TBF establishment. A detailed evaluation of OSAP shows that it can provide up to an eight-fold gain compared to legacy AGCH operation wherein a legacy Immediate Assignment message is assumed to assign packet resources for a single MS. 
1. Introduction

Discussion of mechanisms for improving AGCH capacity has been ongoing for a number of GERAN meetings with possible solutions as described in [1] and [2]. A reasonable operational example to consider that provides motivation for the OSAP feature described herein is as follows:

· The 51-multiframe format of a downlink CCCH could, for a given period of high system load, consist of an average of 4 PCH blocks and 5 AGCH blocks (i.e. in addition to the radio block used for BCCH Norm).

· For a single instance of this 51-multiframe format there would be 51 RACH bursts resulting in a RACH burst to AGCH block ratio of about 10 to 1 (reduced to about 5 to 1 when factoring in the degradation of RACH performance due to collisions inherent to slotted aloha operation) which strongly suggests the AGCH will be a bottleneck.
· Using IPA as a means to mitigate this imbalance results in achieving a 10 to 3 ratio (i.e. since IPA allows for up to 3 MS to be addressed by a single assignment message) but further mitigation of this imbalance is desirable if feasible.
· For DL TBF establishment when an MS is in READY STATE, the IPA feature provides no performance increase as DL TBFs will always be established using the legacy Immediate Assignment message.
The OSAP feature described herein allows for further reducing the RACH burst to AGCH block ratio as follows: 
· Allowing for the inclusion of Mobile Allocation information as new system information (SI) to identify the subset of ARFCNs defined by the Cell Allocation to be used when frequency hopping is used in a given cell. The Mobile Allocation information included as SI can be referred to as “Static Radio Parameters” (SRP) and would apply to packet resources assigned to mobile stations using OSAP.
· Limiting the content of AGCH based assignment messages to what is strictly necessary to direct a mobile station to a packet resource where it waits for a downlink PACCH message.
· Sending a PACCH message on the downlink of the assigned packet resource to provide an MS with all additional information needed to complete the establishment of either an uplink or downlink TBF.
· Introducing a new AGCH message referred to as an Enhanced Immediate Assignment (EIA) message and a new PACCH message referred to as an Additional TBF Information (ATI) message.

Figure 1 below shows an example of how the content of 5 legacy IA messages can be effectively distributed within (a) system information, (b) a single EIA message and (c) a single instance of an ATI message (i.e. whereby a RACH burst to AGCH block ratio of 10 to 5 is realized). Additional analysis within this discussion paper shows that a single EIA message can be used to address up to 8 different MS thereby allowing for a 10 to 8 ratio to be realized using OSAP.
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Figure 1 – Logical Mapping Legacy IA Message to EIA and ATI Messages

2. Optimized System Access Procedure - Overview
The SRP information carried within SI (e.g. using SI 21) will at minimum provide an indication of when a serving cell supports the Optimized System Access Procedure (OSAP) wherein the corresponding BSS is capable of receiving a new RACH burst that involves the use of a new training sequence code (TSC). The reception of an access request message known as an Enhanced Packet Channel Request (EPCR) sent using this new TSC allows for introducing new OSAP specific code points in the 11-bit EPCR message as per Table 1 below. 

Table 1: ENHANCED PACKET CHANNEL REQUEST message content

	< Enhanced Packet channel request message content > ::=


< OSAP Request – one phase access :                    00         < Priority : bit (2) >
 

  < MultislotClassGroup : bit (3) > 


  < RandomBits : bit (4) > >

< OSAP Request – signalling :                                  01000   < Priority : bit (2) >



  < RandomBits : bit (4) > >
       < OSAP Request – single block packet access :    01001   < Priority : bit (2) >



  < RandomBits : bit (4) > >

< OSAP Request – two phase access :                    01010   < Priority : bit (2) >



  < RandomBits : bit (4) > >;



The basic signaling events associated with an OSAP based system access for uplink TBF establishment wherein a one phase access is used are shown in Figure 2 below.
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Figure 2 – Optimized System Access Procedure

3. Analysis of the Legacy Immediate Assignment Message Content
The content of the legacy Immediate Assignment message is examined below on a per information element basis to identify which information must still be included within the OSAP specific EIA message sent on the AGCH and which information can be sent later using one or more OSAP specific ATI message instances sent on the PACCH (i.e. that supplements the packet resource information provided by the OSAP specific assignment message).
Table 2: Legacy IMMEDIATE ASSIGNMENT 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 Message Type
	Message Type
10.4
	M
	V
	1

	
	Page Mode
	Page Mode
10.5.2.26
	M
	V
	1/2

	
	Dedicated mode or TBF
	Dedicated mode or TBF
10.5.2.25b
	M
	V
	1/2

	
	Channel Description
	Channel Description
10.5.2.5
	C
	V
	3

	
	Packet Channel Description
	Packet Channel Description
10.5.2.25a
	C
	V
	3

	
	Request Reference
	Request Reference
10.5.2.30
	M
	V
	3

	
	Timing Advance
	Timing Advance
10.5.2.40
	M
	V
	1

	
	Mobile Allocation
	Mobile Allocation
10.5.2.21
	M
	LV
	1-9

	7C
	Starting Time
	Starting Time
10.5.2.38
	O
	TV
	3

	
	IA Rest Octets
	IA Rest Octets
10.5.2.16
	M
	V
	0-11


· Page Mode: This content of this legacy IE is included within the Page Mode IE of the EIA message shown in Table 4. This IE allows for informing an MS not addressed by the EIA message about possible extended paging operation and is therefore not deferrable to an ATI message.
· Dedicated mode or TBF: Not required since the system access scenario considered herein is always associated with TBF establishment.

· Channel Description: Not required since it is associated with identifying a TCH.

· Packet Channel Description: An enhanced version of this legacy IE is included within the Packet Channel Description IE of the EIA message as shown in Table 4 (i.e. the enhanced version consists of the legacy IE with the Channel type field and the spare bits removed). This IE provides the basic amount of information required by a mobile station to identify the assigned packet resources and is therefore not deferrable to an ATI message.
· Request Reference: An enhanced version of this legacy IE is included in the EIA message where similar information is carried using the MS Specific EIA Parameters IE as shown in Table 4.  This information is used for the purpose of contention resolution and is therefore not deferrable to an ATI message.
· Timing Advance: Included in an ATI message instance sent on the PACCH.
· Mobile Allocation: Can be included in the SRP information sent on BCCH or included in the EIA message. If frequency hopping is applied, the mobile station uses the last Cell Allocation received on SI1 to decode the Mobile Allocation.
· Starting Time: Included in an ATI message instance sent on the PACCH.

· IA Rest Octets: An enhanced version of this legacy IE is included in an ATI message instance where similar information is carried using the MS Specific TBF Parameters IE as shown in Table 5 (i.e. the enhanced version of this legacy IE eliminates the CSN.1 extension mechanism used for indicating information on a per release basis). 
4. SRP Information Content

The SRP information is seen as being limited to providing an indication of whether or not a serving cell supports OSAP based system access and Mobile Allocation information (optional). If frequency hopping is used then the Mobile Allocation information indicates the subset of RF channels belonging to the Cell Allocation used in the frequency hopping sequence. 

· A maximum of 8 octets is needed to include this SRP information within an SI message (i.e. a cell allocation can at most consist of 64 ARFCNs). 

· When SRP information is included within an SI message a single instance of OSAP Mobile Allocation information is seen as being sufficient for the packet radio resources that can be assigned using the OSAP procedure.

· For example, the following structure could be added as a Rel-12 extension to the SI 21 message.

{ 0 | 1 
-- OSAP based system access procedure supported


{ 0 
-- OSAP Mobile Allocation not included as part of system information



| 1
< Number of Octets : bit (3) >


{ < OSAP Mobile Allocation : bit (8) > } * (val(Number of Octets)+1)


}
} ;

Each bit of each OSAP Mobile Allocation octet corresponds to a specific frequency in the Cell Allocation frequency list as currently described for the legacy Mobile Allocation information element.

5. Enhanced Immediate Assignment (EIA) Message Content

This message is formatted as shown in Table 3 below and is sent on the AGCH by the network to provide mobile stations with a minimum amount of packet resource information (i.e. as a result of receiving this information an MS can only receive PACCH messages on the packet resources assigned by the EIA message and must therefore wait until it receives additional TBF related information on the PACCH before an uplink TBF can be used for payload transmission or payload can be received on a downlink TBF. 
Table 3: ENHANCED IMMEDIATE ASSIGNMENT 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

	
	Enhanced Immediate Assignment Message Type
	Message Type
10.4
	M
	V
	1

	
	EIA Rest Octets
	EIA Rest Octets
10.5.2.xx
	M
	V
	1...20


The length (in octets) of all information provided by the EIA Rest Octets IE and the value provided by the L2 Pseudo Length IE has a maximum value of 22 (see Table 3 above). The L2 pseudo length indicates the sum of the lengths of all information elements present in the EIA message except the EIA Rest Octets IE and the L2 Pseudo Length IE itself and as such has a value of 2. This leaves a maximum of 20 octets (160 bits) of space available for the EIA Rest Octets IE. 

One instance of the EIA Rest Octets IE is included per EIA message and consists of the fields shown in Table 4 below where these fields are used as follows:

· Page Mode (2 bits): One instance is included per EIA message.

· Implicit Reject CS (1 bit): One instance is included per EIA message. Note that this is included so that an OSAP capable MS configured for LAP can detect an Implicit Reject for the CS domain when it happens to read an EIA message on the AGCH while attempting a non-OSAP system access for the CS domain.

· Implicit Reject PS (1 bit): One instance is included per EIA message. Note that this is included so that an OSAP capable MS configured for LAP can detect an Implicit Reject for the PS domain when it reads an EIA message on the AGCH that does not provide matching FN Information + Random Bits.
· Message Reference ID (2 bits): One instance is included per EIA message. This information is included so that an MS can compare the value of the Message Reference ID received in a subsequent ATI message instance against the value received in the EIA message and thereby verify when it has received an ATI message instance that supplements a previously received EIA message.

· Packet Channel Description (18 or 19): One instance is included per EIA message (i.e. it is common to all MS addressed by the EIA message) and its content is the same as per the legacy Packet Channel Description IE (see Table 3 below).

· Mobile Allocation (1, 11, 19, 27 or 35): Once instance may be included per EIA message (i.e. when included it is common to all MS addressed by the EIA message) and it is limited to providing 32 bits Mobile Allocation information. If more than 32 bits of Mobile Allocation information are needed or Mobile Allocation information is sent using system information (i.e. SRP) then this information is not included in the EIA message.  
· FN Information Length (2 bits): One instance is included per EIA message and allows for 4 different lengths of FN Information to be indicated.
· Temporary OSAP Identity Length (2 bits): One instance is included per EIA message and allows for 4 different lengths of Temporary OSAP Identity to be indicated. 

· FN Information (Z bits = val(FN Information Length) + 9): One instance is included per MS addressed by the EIA message for the purpose of uplink TBF establishment. 

· FN Information = the binary value of ‘FN modulo X’ where FN = the TDMA frame number of the burst in which an Enhanced Packet Channel Request was received on the RACH by the BSS. 

· X can be set to reflect an acceptable probability for TDMA frame number collision. For example, for X = 256 (Z = 8 bits) the time between uplink bursts for which FN mod 256 has the same value is 1.18 sec (i.e. each TDMA frame = 4.615ms, 256* 4.615 = 1.18). 

· This means there will be some degree of uncertainty on behalf of mobile stations regarding whether or not matching ‘FN Information’ they receive in an EIA message really reflects the specific burst in which they sent their access request message on the RACH.

· The length of the MS specific FN information (Z bits) included in an EIA message is variable allowing for operators to increase/decrease the probability of TDMA FN collision to a level they are comfortable with. 

· Random Bits (4 bits): One instance is included per MS addressed by the EIA message and has a corresponding instance of the FN Information field (i.e. corresponding instances of FN Information and Random Bits sent in an EIA message are a reflection of the “Z” least significant bits of the TDMA FN and Random Bits received by the BSS within an earlier EPCR message).
· Temporary OSAP Identity (Y bits = val(Temporary OSAP Identity Length) + 9): One instance is included per MS addressed by the EIA message for the purpose of downlink TBF establishment. It allows for an EIA message to identify each mobile station based on its specific Temporary OSAP Identity. If an MS has not been assigned a Temporary OSAP Identity then legacy procedures are used for downlink TBF establishment.
Table 4: EIA Rest Octets Information Element 

	< EIA Rest Octets > ::=

< Page Mode : bit (2) >

< Implicit Reject CS : bit >
< Implicit Reject PS : bit >
< Message Reference ID : bit (2) >
< Packet Channel Description : < Packet Channel Description struct > >

{ 0 | 1
< Mobile Allocation Length : bit (2) >


< Mobile Allocation : bit (8 * ( val(Mobile Allocation Length) + 1)) > }

< FN Information Length : bit (2) >
                 
< Temporary OSAP Identity Length : bit (2) >     
{ 1
< MS Specific EIA Parameters : < MS Specific EIA Parameters struct > >  } ** 0

<spare padding> ;



	< Packet Channel Description struct> ::=

< TN : bit (3) >

< TSC : bit (3) >

{  0


{ 0
< ARFCN : bit (10) >
   -- non-hopping RF channel configuraion


| 1
< MAIO : bit (6) >
   -- indirect encoding of hopping RF channel configuration



< MA_NUMBER_IND : bit >




{ 0 | 1
< CHANGE_MARK_1 : bit (2) > }


}





| 1


< MAIO : bit (6) >

   -- direct encoding of hopping RF channel configuration


< HSN : bit (6) >

} ;



	< MS Specific EIA Parameters struct> ::=

{ 0
< FN Information : bit (val(FN Information Length) + 9) >


< Random Bits : bit (4) >

| 1
< Temporary OSAP Identity : bit (val(Temporary OSAP Identity Length) + 9) >
} ;



EIA Example 1: The EIA message is used only for the case of uplink TBF establishment where FN Information provided for each MS addressed by the EIA message is 9 bits long (i.e. Z = 9, X = 512). In this case all MS making access requests within a TDMA frame where the 9 least significant bits of that TDMA frame matches the FN Information sent in the EIA message will then look at the corresponding Random Bits field to determine if they have received a response that matches their access request. Note that in this case the TDMA frames having the same 9 least significant bits will be a multiple of 2.36 sec apart (i.e. 512 * 4.615ms = 2.36s).
· The EIA message content specific to each addressed MS = FN Information (9) + Random Bits (4) + MS ID Discriminator (1) = 14 bits.
· The EIA message content for which a single instance is included (regardless of how many MS are addressed) = Page Mode (2) + Implicit Reject CS (1) + Implicit Reject PS (1) + Message Reference ID (2) + Packet Channel Description (19) + Mobile Allocation (1) + FN Information Length (2) + Temporary OSAP Identity Length (2) = 30 bits.
· The maximum number of MS addressed per EIA message = 8 (i.e. 8*14 + 30 = 142). 
· According to Table 4 above 10 bits of CSN.1 overhead are required for the EIA message (1 bit to indicate no mobile allocation is included, 1 bit for each of the 8 instances of the MS Specific EIA Parameters IE included in the message and 1 bit to indicate the “direct encoding of hopping RF channel configuration” is used).

· The resulting EIA message has a total length of 152 bits.

EIA Example 2: This example builds on EIA example 1 above except that it allows for 10 bits of FN Information (i.e. Z = 10, X = 1024) for each MS addressed by the EIA message. In this case all MS making access requests within a TDMA frame where the 10 least significant bits of that TDMA frame matches the FN Information sent in the EIA message will then look at the corresponding Random Bits field to determine they have received a response that matches their access request. Note that in this case the TDMA frames having the same 10 least significant bits will be a multiple of 4.72 sec apart (i.e. 1024* 4.615ms = 4.72s).
· The EIA message content specific to each addressed MS = FN Information (10) + Random Bits (4) + MS ID Discriminator (1) = 15 bits.
· The EIA message content for which a single instance is included (regardless of how many MS are addressed) = Page Mode (2) + Implicit Reject CS (1) + Implicit Reject PS (1) + Message Reference ID (2) + Packet Channel Description (19) + Mobile Allocation (1) + FN Information Length (2) + Temporary OSAP Identity Length (2) = 30 bits.
· The maximum number of MS addressed per EIA message = 8 (i.e. 8*15 + 30 = 150).

· According to Table 4 above 10 bits of CSN.1 overhead are required for the EIA message (1 bit to indicate no mobile allocation is included, 1 bit for each of the 8 instances of the MS Specific EIA Parameters IE included in the message and 1 bit to indicate the “direct encoding of hopping RF channel configuration” is used).

· The resulting EIA message has a total length of 160 bits

EIA Example 3: This example builds on example 2 above except that it allows for 24 bits of Mobile Allocation information to be included within the EIA message.
· The EIA message content specific to each addressed MS = FN Information (10) + Random Bits (4) + MS ID Discriminator (1) = 15 bits.
· The EIA message content for which a single instance is included (regardless of how many MS are addressed) = Page Mode (2) + Implicit Reject CS (1) + Implicit Reject PS (1) + Message Reference ID (2) + Packet Channel Description (19) + Mobile Allocation (27) + FN Information Length (2) + Temporary OSAP Identity Length (2) = 56 bits.
· The maximum number of MS addressed per EIA message = 6 (i.e. 6*15 + 56 = 146).

· According to Table 4 above 8 bits of CSN.1 overhead are required for the EIA message (1 bit to indicate a mobile allocation is included, 1 bit for each of the 6 instances of the MS Specific EIA Parameters IE included in the message and 1 bit to indicate the “direct encoding of hopping RF channel configuration” is used).

· The resulting EIA message has a total length of 154 bits

6. Additional TBF Information (ATI) Message Content

This message is formatted as shown in Table 5 below and is sent on the PACCH by the network to provide mobile stations with additional information required for uplink TBF or downlink TBF establishment.  A set of one or more ATI message instances can be sent by the BSS where each instance in the set corresponds to the same EIA message and is carried within a single PACCH block. This will minimize the amount of information any given MS addressed by a given EIA message must receive during the OSAP procedure. Note that until an MS receives an ATI message instance containing information that supplements the information it previously received in an EIA message it can only receive on the downlink PACCH of the packet resources assigned by the EIA message. The content of this message consists of the following:
· MS Specific TBF Parameters (X bits): One instance is included per MS addressed by an ATI message. 

· Page Mode (2 bits): One instance is included per ATI message.

· Message Reference ID (2 bits): One instance is included per ATI message. This information is included so that an MS can compare it to the value in the previously received EIA message and thereby verify when it has received an ATI message that corresponds to the EIA message in which it detected matching FN Information and Random Bits. 
· MS Assignment Bitmap (8 bits): One instance is included per ATI message. This bitmap indicates which subset of MS addressed by a given EIA message are assigned resources by a received ATI message.  Depending on the amount of MS specific information required, multiple ATI messages corresponding to the same EIA message can be sent. The net result is that the “Nth” MS addressed by an EIA message will only have to correctly receive one corresponding ATI message instance (i.e.  the ATI message instance having an MS Assignment Bitmap with a “1” in bit position “N”).
For example, if we assume that 5 MS are addressed in a given EIA message then 2 corresponding ATI message instances can be sent where ATI message instance 1 addresses MS1, MS2 and MS3 and ATI message instance 2 addresses MS4 and MS5 as per Figure 3. Thus any combination of up to 8 MSs can be addressed in the set of ATI message instances corresponding to the same EIA message.
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Figure 3 – Mapping of MSs Addressed by ATI messages to the EIA Message
The number of MS addressed by the MS Specific TBF Parameters IE included in a given ATI message instance can therefore be a subset of the total number of MS addressed by the MS Specific EIA Parameters IE included in the EIA Rest Octets IE (see Table 4) carried within the corresponding EIA message. The ordering of MS addressed by the MS Specific TBF Parameters IE included in a given ATI message instance will therefore be determined by the MS Assignment Bitmap IE.
Table 5: Additional TBF Information (ATI) Message
	< Additional TBF Information message content > ::=

< PAGE_MODE : bit (2) >

< Message Reference ID : bit (2) >
< MS Assignment Bitmap : bit (8) >
{ 1
< MS Specific TBF Parameters : < MS Specific TBF Parameters struct > >  } ** 0

<spare padding>;

	< MS Specific TBF Parameters struct> ::=

{ 00

< EGPRS Packet Uplink Assignment >


| 01
< Packet Uplink Assignment >


| 10
< Packet Downlink Assignment >

| 11
- reserved
} ;

	< EGPRS Packet Uplink Assignment > : :=

{ 0 | 1
< Access Technologies Request : Access Technologies Request struct > }

{ 0
-- one phase access indication

< TFI_ASSIGNMENT : bit (5) >


< POLLING : bit > 

< USF: bit (3) >

< USF_GRANULARITY : bit >


{ 0 | 1
< P0 : bit (4) >


< PR_MODE : bit (1) > }


< EGPRS CHANNEL_CODING_COMMAND : < EGPRS Modulation and Coding Scheme IE >>


< TLLI_BLOCK_CHANNEL_CODING : bit (1) >


{ 0 | 1 < BEP_PERIOD2 : bit (4) > }


< RESEGMENT : bit (1) >


< EGPRS Window Size : < EGPRS Window Size IE >>  -- 5 bits

{ 0 | 1
< ALPHA : bit (4) > }


< GAMMA : bit (5) >


{ 0 | 1
< TIMING_ADVANCE_INDEX : bit (4) > }


{ 0 | 1
< TBF_STARTING_TIME : bit (16) > }




{ 0

--  An uplink  BTTI TBF is assigned



{ 0

-- '0' indicates that FANR is not activated



| 1 
-- '1' indicates that FANR is  activated




{ 0 

-- SSN-based encoding is selected





| 1 
-- Time-based encoding is selected






< REPORTED TIMESLOTS : bit (8) >







< TSH : bit (2) > } }


| 1
-- An uplink RTTI TBF is assigned



< RTTI USF Mode :  bit(1) >








< PDCH PAIR INDICATION: bit(3) >








< Additional_USF : bit (3) >*(1-val(RTTI USF MODE)) 




{ 0 




-- One PDCH Pair assigned




|  1
< USF2 : bit(3)>

-- Two PDCH Pairs assigned





< Additional_USF2 : bit (3) >*(1-val(RTTI USF MODE)) }



{ 0 

-- SSN-based encoding is selected





|  1 
-- Time-based encoding is selected
 








< REPORTED TIMESLOTS : bit (8) >






< TSH : bit (2) > }


| 1
-- two phase access indication (Multi Block Allocation)



{ 0 | 1 < ALPHA : bit (4) > }



< GAMMA : bit (5) >


< TBF_STARTING_TIME : bit (16) >



< NUMBER OF RADIO BLOCKS ALLOCATED : bit (2) >



{ 0 | 1
< P0 : bit (4) >




< PR_MODE : bit (1) > }
}
{ 0 | 1 < PFI : bit (7) > } ;


	<Access Technologies Request struct> ::= 


-- recursive structure allows any combination of Access technologies

< Access Technology Type : bit (4) >


{ 0 | 1 <Access Technologies Request struct> } ;



	< Packet Uplink Assignment > ::=

{ 0
-- one phase access

< TFI_ASSIGNMENT : bit (5) >


< POLLING : bit >


< USF: bit (3) >


< USF_GRANULARITY : bit >


{ 0 | 1
< P0 : bit (4) >



PR_MODE : bit (1) > }


< CHANNEL_CODING_COMMAND : bit (2) >


< TLLI_BLOCK_CHANNEL_CODING : bit >


{ 0 | 1
< ALPHA : bit (4) > }


< GAMMA : bit (5) >


{ 0 | 1 < TIMING_ADVANCE_INDEX : bit (4) > }


{ 0 | 1 < TBF_STARTING_TIME : bit (16) > }

| 1
-- two phase access indication (Single Block Allocation)



{ 0 | 1 < ALPHA : bit (4) > }



< GAMMA : bit (5) >



< TBF_STARTING_TIME : bit (16) >



{ L | H
< P0 : bit (4) >



< PR_MODE : bit (1) > }

}
{ 0 | 1 < PFI : bit (7) > } ;



	< Packet Downlink Assignment > ::=


{ 0 | 1
< TFI_ASSIGNMENT : bit (5) >



< RLC_MODE : bit >



{ 0 | 1 < ALPHA : bit (4) > }



< GAMMA : bit (5) >



< POLLING : bit >



< TA_VALID : bit (1) > }


{ 0 | 1
< TIMING_ADVANCE_INDEX : bit (4) > }


{ 0 | 1
< TBF_STARTING_TIME : bit (16) > }


{ 0 | 1
< P0 : bit (4) >



< PR_MODE : bit (1) > }


{ 0 | 1
-- indicates EGPRS TBF mode, see 44.060



< EGPRS Window Size : < EGPRS Window Size IE >>



< LINK_QUALITY_MEASUREMENT_MODE : bit (2) >



{ 0 | 1 < BEP_PERIOD2 : bit (4) > } }

{ 0 | 1 < PFI : bit (7) > }


{ 0 | 1 < NPM Transfer Time : bit (5) > }


{ 0
- A downlink  BTTI TBF is assigned



{ 0

-- FANR is not activated for the assigned TBF




| 1
-- FANR is activated for the assigned TBF





< EVENT_BASED_FANR: bit (1) > }



| 1
-- A downlink  RTTI TBF is assigned




< EVENT_BASED_FANR: bit (1) >




< PDCH PAIR INDICATION: bit(3) > }


< Downlink EGPRS Level: < EGPRS Level IE > > ;


	


ATI Example 1: In this example a one phase access assignment is considered where all MS are assigned uplink TBF resources using the Packet Uplink Assignment IE: 
· MS Specific TBF Parameters = 1 + Packet Uplink Assignment (2) + One Phase Access (1) + TFI_ASSIGNMENT (5) + POLLING (1) + USF (3) + USF_GRANULARITY (1) + {1 + P0 (4) + PR_MODE (1)} + CHANNEL_CODING_COMMAND (2) + TLLI_BLOCK_CHANNEL_CODING (1) + {1 + ALPHA (4)} + GAMMA (5) + {1 + TIMING_ADVANCE_INDEX  (4)} + {1 + TBF_STARTING_TIME (0)} + {1 + PFI(7)} = 47 bits  

· ATI message instance 1 addresses 3 MS as per Figure 3 =  Page Mode (2) + Message Reference ID (2) + MS Assignment Bitmap (8) + 3 * (MS Specific TBF Parameters) = 12 + 3 * (47) = 153 bits = 1 PACCH block.

· ATI message instance 2 addresses 2 MS as per Figure 3 =  Page Mode (2) + Message Reference ID (2) + MS Assignment Bitmap (8) + 2 * (MS Specific TBF Parameters) = 12 + 2 * (47) = 106 bits = 1 PACCH block.

ATI Example 2: In this example a two phase access assignment is considered where all MS are assigned uplink TBF resources using the Packet Uplink Assignment IE: 
· MS Specific TBF Parameters = 1 + Packet Uplink Assignment (2) + Two Phase Access (1) + {1 + ALPHA (4)} + GAMMA (5) + TBF_STARTING_TIME (16) + {1 + P0 (4) + PR_MODE (1)} + {1 + PFI(7)} = 44 bits  

· ATI message instance 1 addresses 3 MS as per Figure 3 =  Page Mode (2) + Message Reference ID (2) + MS Assignment Bitmap (8) + 3 * (MS Specific TBF Parameters) = 12 + 3 * (44) = 144 bits = 1 PACCH block.

· ATI message instance 2 addresses 2 MS as per Figure 3 =  Page Mode (2) + Message Reference ID (2) + MS Assignment Bitmap (8) + 2 * (MS Specific TBF Parameters) = 12 + 2 * (44) = 100 bits = 1 PACCH block.

ATI Example 3: In this example a two phase access assignment is considered where all MS are assigned uplink TBF resources using the EGPRS Packet Uplink Assignment IE: 

· MS Specific TBF Parameters = 1 + EGPRS Packet Uplink Assignment (2) + {1 + Access Technologies Request (0)} + Two Phase Access (1) + {1 + ALPHA (4)} + GAMMA (5) + TBF_STARTING_TIME (16) + NUMBER OF RADIO BLOCKS ALLOCATED (2) + {1 + P0 (4) + PR_MODE (1)} + {1 + PFI(7)} = 47 bits  

· ATI message instance 1 addresses 3 MS as per Figure 3 =  Page Mode (2) + Message Reference ID (2) + MS Assignment Bitmap (8) + 3 * (MS Specific TBF Parameters) = 12 + 3 * (47) = 153 bits = 1 PACCH block.

· ATI message instance 2 addresses 2 MS as per Figure 3 =  Page Mode (2) + Message Reference ID (2) + MS Assignment Bitmap (8) + 2 * (MS Specific TBF Parameters) = 12 + 2 * (47) = 106 bits = 1 PACCH block.

7. Downlink TBF Establishment Using OSAP Messages
Here we consider the case where an MS in Idle mode and can be assigned a downlink TBF without first performing the paging procedure (i.e. the Ready timer is running and the network knows the MS location at the cell level). According to legacy operation, downlink TBF establishment is performed by sending an Immediate Assignment message that includes a Packet Downlink TBF Assignment on its paging group (if in DRX mode) or on any AGCH occurrence (if in non-DRX mode immediately following TBF release). 
When considering an OSAP capable MS the network has the option of using the EIA and ATI messages defined for OSAP to allocate such an MS packet resources for a downlink TBF as follows:

· The network must assign the OSAP capable MS an alternate identity (called a Temporary OSAP Identity) on a per cell basis that remains valid while the Ready timer is running. This requires a BSS to have knowledge of the length of the Ready timer which can be realized in a number of ways (e.g. through the support of PFCs).
· The BSS can use PACCH signaling to assign an MS a Temporary OSAP Identity (TOI) at any time while a TBF is ongoing for an OSAP capable MS.  
· Once an MS has been assigned a TOI then as long as it remains valid it can be included in an EIA message that includes DL TBF related information for that MS (see the Temporary OSAP Identity field in Table 4).
· Since the use of FN Information + Random Bits (for UL TBF establishment) or Temporary OSAP Identity (for DL TBF establishment) is indicated per instance of MS addressed by an EIA message, any given instance of an EIA message can support any combination of mobile stations for which either UL or DL TBF establishment is needed (see Figure 3 below).
· The Temporary OSAP Identity can be from 9 to 12 bits in length allowing for up to a maximum of 4096 such identities to be maintained per cell. 

· It should be noted that this mechanism for DL TBF establishment reduces the overall DL CCCH load, thus providing additional CCCH capacity for non-OSAP mobile stations.

The net benefit of having the OSAP messages also allow for DL TBF establishment is of course that a single EIA message sent on the AGCH can address up to 8 MS for which DL TBF establishment is needed. An OSAP capable MS that has been assigned a Temporary OSAP Identity will acquire SRP information from SI, receive an EIA message and a supplemental ATI message instance to establish a DL TBF following the same steps used for UL TBF establishment except that it is addressed using the Temporary OSAP Identity in the EIA message (i.e. it cannot be addressed using FN Information + Random Bits since the RACH is not used during DL TBF establishment for an MS having a Temporary OSAP Identity in Idle mode). 

[image: image4]
Figure 3 – Flexible EIA Support of MS Requiring UL or DL TBF Establishment
8. Conclusion

A mechanism for enhancing AGCH capacity has been described based on introducing an optimized system access procedure (OSAP) whereby the amount of MS specific information within an assignment message sent on the AGCH can be minimized by using new BCCH information and PACCH signaling to provide supplemental MS specific information. As indicated by the examples provided in section 5 above, a significant AGCH capacity gain is possible when using OSAP (e.g. 8 mobile stations can be addressed by a single assignment message sent on the AGCH). The OSAP related signaling used for UL TBF establishment can also be used for DL TBF establishment for an MS whose location is known at the cell level.  Thereby the same AGCH capacity gain can be achieved for any combination of UL and DL TBF establishment. Considering that the AGCH capacity is seen as becoming increasingly problematic if the load offered by devices supporting delay tolerant applications increases significantly over the next few years, the introduction of OSAP as a new GERAN Rel-12 feature as described herein is seen as being beneficial towards minimizing the potential for the AGCH to become a bottleneck.
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