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IPA and OSAP PACCH Utilization
1.    Introduction

As described in [1] and [2], even if a best case scenario of IPA message space utilization is considered IPA will only be able to support the assignment of TBF resources for a limited number of mobile stations.  Further analysis of the IPA Rest Octets IE reveals that, since none of the hopping related resource assignment scenarios allows for indicating MS specific MAIO values, only a single MS can be addressed by an IPA message whenever hopping is used.  As such, the best case IPA assignment scenario is where all MS are assigned a common TN on the BCCH carrier thereby allowing for up to 3 MS to be addressed by a single IPA message (see Annex B). 
As described in [3] and [4], the OSAP feature has ability to support the assignment of TBF resources for substantially more mobile stations (up to 6) within a single EIA message. In addition, the OSAP feature supports greater flexibility regarding the ability to direct MS stations to distinct radio resources since, for example, it supports the assignment of MS specific TNs in all scenarios as well as MS specific MAIO values for the case where frequency hopping is used (see Annex A). 

However, even though OSAP provides a significant AGCH signalling capacity advantage and greater flexibility regarding the allocation of distinct radio resources, it is also important to consider the impacts of both IPA and OSAP on PACCH utilization to see if there any additional differences between the two mechanisms. This aspect of PACCH utilization is further discussed in the remainder of this discussion paper.

2.    IPA Impact
When considering the IPA mechanism it should be noted that it is patterned after the legacy “Channel – Immediate Assignment” signalling and therefore requires that IPA message sent on the AGCH contain all information necessary to establish an UL TBF for each MS. This has the impact of limiting the amount of MS specific information while maximizing the amount of common MS information (e.g. TN, ARFCN and MAIO) in an attempt to maximize the number of MS addressed by an IPA message. However, under increasing system load and during periods of sustained heavy loading this tradeoff between MS specific information and common MS information has the following drawbacks:

· There will be a low probability that the common MS information provided by an IPA message will be appropriate for each MS in the set of MS addressed by a given IPA message. 

· This will in turn require an increased use of PACCH to redirect one or more MS from the common radio resources (e.g. a specific PDCH on the BCCH carrier) to more appropriate PDCH resources. In other words, the best case IPA assignment scenario will effectively generate additional PACCH signalling.
· Any attempt to mitigate this concern by modifying the IPA Rest Octets to allow for additional MS specific information (such as TS information) will only serve to further weaken the ability of an IPA message to address multiple MS due to the payload space limitations of IPA messages. 

· As such, it can be said that the inherent nature of the IPA mechanism is that it is quite limited in the number of MS that can be addressed by a single IPA message (for frequency hopping only one MS can be addressed by a single IPA message), it is quite inflexible regarding its ability to direct mobile stations to use distinct radio resources and it tends to increase PACCH signalling (i.e. it will reduce PDCH utilization) as system load increases.

3.    OSAP Impact
When considering the OSAP mechanism it should be noted that it is based on maximizing AGCH capacity by sending EIA messages thereon that contain only the minimum information needed for an MS to move to a PDCH resource while maintaining the flexibility to direct mobile stations to distinct radio resources as needed (e.g. when hopping is used OSAP allows for assigning MS specific MAIO values). After an MS receives a matching EIA message, OSAP requires that it moves to its assigned PDCH resource where it receives an ATI message on the PACCH which provides it with all remaining TBF related information.  As such, even though OSAP always requires the use of PACCH signalling to complete TBF setup, the following important differences between IPA and OSAP should be noted regarding PACCH utilization:

· For the case where OSAP is used to assign PDCH resources for a set of 6 MS within a single EIA message, this means that as few as 2 ATI messages will have to be sent using PACCH to complete TBF establishment for the set of 6 MS.

· The content of the EIA message provides much more MS specific information (e.g. ARFCN, TS and MAIO) compared to IPA thereby dramatically reducing the probability for MS redirection (and therefore for additional PACCH signalling) after a TBF has been established.
· As such, the inherent nature of the OSAP mechanism is that it trades off the ability to significantly increase AGCH signalling capacity and maximize the assignment of MS specific radio resources against the expense of some additional PACCH signalling. 
4.    Detailed Signalling Comparison

The signalling activity associated with supporting the establishment of uplink TBFs for 6 mobile stations using one phase access is considered for both the IPA and OSAP mechanisms. Figure 1 provides an overview of the signalling used for each mechanism and Table 1 provides an indication of the number of signalling messages sent on each type of logical channel during the course of uplink TBF establishment for 6 mobile stations.
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Figure 1 – IPA and OSAP Signalling Overview
	Logical Channel
	IPA
	OSAP

	RACH
	6
	6

	AGCH
	2 (IPA)
	1 (EIA)

	PACCH (ATI)
	0
	6*

	PACCH (PUAN)
	6
	6

	PACCH (PTR or PSHO)
	6**
	0

	Total PACCH 
	12
	12

	* Assumes the worst case scenario for OSAP where all MS are assigned different carriers/PDCH resources)

** Assumes the worst case scenario for IPA where all 6 MS will be re-assigned to a new PDCH resource using PACCH signalling on the common PDCH assigned by IPA on the BCCH carrier.


Table 1 – IPA and OSAP Signalling for Establishing 6 UL TBFs (Non-hopping)
	Logical Channel
	IPA
	OSAP

	RACH
	6
	6

	AGCH
	6 (IPA)
	1 (EIA)

	PACCH (ATI)
	0
	6*

	PACCH (PUAN)
	6
	6

	PACCH (PTR or PSHO)
	0
	0

	Total PACCH 
	6
	12

	* Assumes the worst case scenario for OSAP where all MS are assigned different carriers/PDCH resources)


Table 2 – IPA and OSAP Signalling for Establishing 6 UL TBFs (Hopping)

When examining uplink TBF establishment for the non-hopping scenario for both IPA and OSAP based mechanisms it can be seen that neither mechanism has a PACCH signalling advantage as indicated in Table 1. As such, it can be said that for the non-hopping scenario OSAP essentially provides a two fold AGCH capacity gain over IPA for the case where IPA messages assign a common PDCH on the BCCH carrier. However, more realistic scenarios will likely involve the use of frequency hopping where the ACGH capacity gain provided by OSAP increases to six-fold as indicated in Table 2. In other words, for frequency hopping scenarios IPA is limted to supporting one MS per IPA message and therefore provides no gain compared to legacy (pre-IPA) mechanisms. As such, any PACCH signalling advantage in favour of IPA for this scenario is not meaningful. In summary, the following can be stated:
· Using OSAP, an ATI message sent on PACCH can address up to 3 MS as compared to IPA where a PACCH message sent for redirecting an MS to a more appropriate PDCH resource will always address a single MS.

· The only scenario for which there is a  PACCH signalling advantage for IPA is when frequency hopping is used (i.e. since in this case each IPA message becomes MS specific thereby eliminating the need for redirection via PTR or PSHO) but this advantage is essentially meaningless since in this case IPA provides no advantage over legacy operation.

· Because of its substantial AGCH capacity advantage for both the hopping and non-hopping scenarios, OSAP significantly reduces the need for multiple CCCH deployments compared to IPA and as such there will be a corresponding increase in TS availability for traffic bearing purposes (i.e. PDCH or TCH).

· This increased TS availability for traffic made possible with OSAP inherently represents an increase of PDCH capacity that far outweighs any minor improvements to PDCH capacity that may result from reduced PACCH signalling associated with IPA in the frequency hopping scenario (which provides no AGCH capacity gain compared to legacy operation).

5.    Conclusion

It is the view of the sourcing companies that the differences in PACCH utilization between IPA and OSAP and the corresponding effects on PDCH utilization as discussed above have not yet been fully appreciated in GERAN. In light of the discussion herein, the sourcing companies believe that the OSAP mechanism for improving AGCH capacity should be developed as an alternative to IPA and will bring in corresponding CRs targeting GERAN Rel-12.
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Annex A - Enhanced Immediate Assignment (EIA) Message
This message is formatted as shown in Table A-1 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 A-1: 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. 
Table A-2: EIA Rest Octets Information Element 

	< EIA Rest Octets > ::=

< Page Mode : bit (2) >

< Implicit Reject CS : bit (1) >
< Implicit Reject PS : bit (1) >
< Message Reference ID : bit (2) >

<TSC : bit (3) >

{ 0 | 1
< CHANGE_MARK_1 : bit (2) > } – to be compared to SI13_CHANGE_MARK
{ 0 | 1
< CHANGE_MARK_2 : bit (2) > } – to be compared to SI24_CHANGE_MARK

{ 0 | 1
< FN Information Length : bit (2) > }
                 

{ 0 | 1
< Temporary OSAP Identity Length : bit (2) > }  

{ 1
< MS Specific EIA Parameters : < MS Specific EIA Parameters struct > >  } ** 0
<spare padding> ;



	< MS Specific EIA Parameters struct> ::=
{ 0
-- MS associated with an UL TBF


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


< Random Bits : bit (4) >


| 1
-- MS associated with an DL TBF



< Temporary OSAP Identity : bit (val(Temporary OSAP Identity Length) + 9) >
}
{ 00

-- use MA provided by SI13



{ 0 | 1 < TN : bit (3) > }


< MAIO : bit (6) >

| 01
-- use MA provided by SI24



{ 0 | 1 < TN : bit (3) > }


{ 0 | 1 < OSAP_MA : bit (2) > }


< MAIO : bit (6) >


| 10
-- non-hopping assignment


{ 0
-- BCCH carrier used




{ 0 | 1 < TN : bit (3) > }



| 1
-- non-BCCH carrier used





{ 0 | 1 < TN : bit (3) > }




{ 0 | 1 < ARFCN : bit (10) > } }

| 11
-- reserved
};



EIA Message Coding Example 1: 
· The uplink TBF establishment scenario is addressed where 5 MS are assigned non-BCCH ARFCNs where the 1st and 2nd MS are assigned a common ARFCN + TS, the 3rd and 4th MS are assigned a common ARFCN + TS (different from the ARFCN + TS assigned to the 1st and 2nd MS) and the 5th MS is assigned an ARFCN + TS different from the first 4 MS.

· If any given instance of the MS Specific EIA Parameters excludes a field value (e.g. TN or ARFCN) then the affected MS shall use the most recently included value provided for the field of concern provided within the EIA Rest Octets IE.

· FN Information provided for each MS is 9 bits long (i.e. Z = 9, X = 512). All MS making an access request within a TDMA frame where the 9 least significant bits of that TDMA frame matches the FN Information field will then look at the corresponding Random Bits field to determine if they have received a response that matches their access request. 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).
· MS1 parameters = [(1+9+4) + (2+1+1+TN(3)+1+ARFCN(10)] = 32
· MS2 Parameters = [(1+9+4) + (2+1+1+1)] = 19
· MS3 Parameters = [(1+9+4) + (2+1+1+TN(3)+1+ARFCN(10)] = 32 
· MS4 Parameters = [(1+9+4) + (2+1+1+1)] = 19
· MS5 Parameters = [(1+9+4) + (2+1+1+TN(3)+1+ARFCN(10)] = 32 
· The EIA message content = Page Mode (2) + Implicit Reject CS (1) + Implicit Reject PS (1) + Message Reference ID (2) + TSC (3) + 1 + 1 + [1 + FN Information Length (2)] + 1 + [1 + MS1 Parameters] + [1 + MS2 Parameters] + [1 + MS3 Parameters] + [1 + MS4 Parameters] + [1 + MS5 Parameters] + 1 = 15 + 33 +20 + 33 + 20 + 33 + 1 = 155 bits
EIA Message Coding 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 and all 5 MS are assigned the same MA provided by SI13 and the same timeslot number (TN). 
· 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 if they have received a response that matches their access request. 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).
· MS1 parameters = [(1+10+4) + (2+1+TN(3)+MAIO(6)] = 27
· MS2 Parameters = [(1+10+4) + (2+1+MAIO(6))] = 24
· MS3 Parameters = [(1+10+4) + (2+1+MAIO(6)] = 24
· MS4 Parameters = [(1+10+4) + (2+1+MAIO(6)] = 24
· MS5 Parameters = [(1+10+4) + (2+1+MAIO(6)] = 24
· The EIA message content = Page Mode (2) + Implicit Reject CS (1) + Implicit Reject PS (1) + Message Reference ID (2) + TSC (3) + 1 + 1 + [1 + FN Information Length (2)] + 1 + [1 + MS1 Parameters] + [1 + MS2 Parameters] + [1 + MS3 Parameters] + [1 + MS4 Parameters] + [1 + MS5 Parameters] + 1 = 15 + 28 +25 + 25 + 25 + 25 + 1 = 144 bits
Annex B -  Immediate Packet Assignment message
This message is sent on the CCCH by the network to multiple mobile stations in idle mode to assign either an uplink or a downlink packet data channel configuration in the cell. See table 9.1.18a.1.

The L2 pseudo length of this message is the sum of lengths of all information elements present in the message except the IPA Rest Octets and L2 Pseudo Length information elements.

NOTE:
The network should take into account limitations of certain mobile stations to understand IMMEDIATE PACKET ASSIGNMENT message as these mobile stations may not be able to decode the Page Mode information element.

Message type:
IMMEDIATE PACKET ASSIGNMENT
Significance:
dual

Direction:
network to mobile station

Table B-1: IMMEDIATE PACKET 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

	
	Feature Indicator
	Feature Indicator
10.5.2.76
	M
	V
	1/2

	
	IPA Rest Octets
	IPA Rest Octets
10.5.2.78
	M
	V
	19


Considering the 19 octet payload space limitation of the “IPA Rest Octets IE” and analyzing the proposed content for this IE for the case of uplink TBF assignments made where a BCCH packet resource is assigned (frequency hopping is not used), we get the following:

One Phase Access:

· Total bits = 1 + [N*(1+43) + 1] + 3 + 1 where N = the number of MS addressed by the IPA message ( maximum value for N = 3 (total bits = 1 + [3*44 + 1] + 3 + 1 + 1 + 1 = 140 bits). 

· This means only 12 bits of payload space will remain according to the 152 bit limit which is not enough to support uplink resource assignments for a 4th mobile station.
Two Phase Access:

· Total bits = 1 + [N*(1+43) + 1] + 3 + 1 where N = the number of MS addressed by the IPA message ( maximum value for N = 3 (total bits = 1 + 1 + 1 + [3*37 + 1] + 3 + 1 = 119 bits). 

· This means only 33 bits of payload space will remain according to the 152 bit limit which is not enough to support uplink resource assignments for a 4th mobile station.
Table B-2: IPA Rest Octet information element

	<IPA Rest Octets> ::=


{ 0 | 1
< IPA Uplink Assignment struct >} 


{ 0 | 1
< IPA Downlink Assignment struct >}

{ 0 | 1
< IPA Single Block Uplink Assignment struct >}

<spare padding>;

<IPA Uplink Assignment struct> : :=


{ 1
< Random Reference : bit (11) >



< FN_OFFSET: bit (8) >


< GAMMA : bit (5) >



< TIMING_ADVANCE_VALUE : bit (6) >



< TFI_ASSIGNMENT : bit (5) >


< USF: bit (3) > 


< EGPRS_CHANNEL_CODING_COMMAND : bit (4) >


< Radio Access Capabilities Request: bit (1) >

} ** 0;



--Repeated as many times as necessary, once for each addressed device
 
< TN : bit (3) >

{ 0
;



--'0' indicates that BCCH frequency shall be used

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

}
<IPA Single Block Uplink Assignment struct> ::=


{ 1 
< Random Reference : bit (11) >



< FN_OFFSET: bit (8) >



< GAMMA : bit (5) >



< TIMING_ADVANCE_VALUE : bit (6) >



< STARTING_TIME_OFFSET: bit (6) >, 


} ** 0;



--Repeated as many times as necessary, limited by the space in the message

< TN : bit (3) >


{ 0
;



--'0' indicates that BCCH frequency shall be used

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


}


	< Frequency Parameters struct > ::=


< TSC : bit (3) >


{ 00 < ARFCN : bit (10) >


| 01 < Indirect encoding : < Indirect encoding struct > >


| 10 < Direct encoding 1 : < Direct encoding 1 struct > >


| 11 < Direct encoding 2 : < Direct encoding 2 struct > > } ;

	< Indirect encoding struct > ::=


< MAIO : bit (6) >


< MA_NUMBER : bit (4) >


{ 0 | 1
< CHANGE_MARK_1 : bit (2) >




{ 0 | 1 < CHANGE_MARK_2 : bit (2) > } } ;

	< Direct encoding 1 struct > ::=


< MAIO : bit (6) >


< GPRS Mobile Allocation : < GPRS Mobile Allocation IE > > ;

	< Direct encoding 2 struct > ::=


< MAIO : bit (6) >


< HSN : bit (6) >


< Length of MA Frequency List contents : bit (4) >


< MA Frequency List contents : octet (val(Length of MA Frequency List contents) + 3) > ;

	< GPRS Mobile Allocation IE > ::=


< HSN : bit (6) >


{ 0 | 1
< RFL number list : < RFL number list struct > > }


{ 0
< MA_LENGTH : bit (6) >



< MA_BITMAP : bit (val(MA_LENGTH) + 1) >


| 1
{ 0 | 1
< ARFCN index list : < ARFCN index list struct > > } } ;

	< RFL number list struct > ::=


< RFL_NUMBER : bit (4) >


{ 0 | 1
< RFL number list struct > } ;

	< ARFCN index list struct > ::=


< ARFCN_INDEX : bit (6) >


{ 0 | 1
< ARFCN index list struct > } ;


PUA, PTR or PS HO (PACCH)





* 	Go to PDCH on the BCCH carrier (required when assigning


	more than one MS per IPA message) 


**	Go to “correct” PDCH
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IPA (AGCH)





RLC DATA (PDCH)





RLC DATA (PDCH) 





PUAN (PACCH) (TLLI)





RLC DATA (PDCH) CV=0 





RLC DATA (PDCH) (TLLI) 





*





PUAN (PACCH)





IPA





Enhanced Packet Channel Request (RACH)





EIA (AGCH)





RLC DATA (PDCH)





RLC DATA (PDCH) 





PUAN (PACCH) (TLLI)





RLC DATA (PDCH) CV=0 





RLC DATA (PDCH) (TLLI) 





**





PUAN (PACCH)





OSAP





ATI (PACCH)





**








