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IPA Analysis for Uplink Assignments

1. Introduction

The IPA feature was included in the Rel-11 GERAN specifications in light of operator networks that experience a high CCCH load and thus have typically made use of Multiple CCCH (MCCCH) as a means for dealing with this load. However, when considering IPA as an alterative mechanism for alleviating high CCCH load for the case of uplink TBF establishment, additional consideration must be given to network scenarios with high load where the use of one phase system access is prioritized.
It is shown in this paper that for the case of one phase access IPA will at best be able to support the assignment of two uplink TBFs, because IPA must provide more MS specific information than it does for the case of a two phase access.  As such, the IPA capabilities as indicated by [1] have been further considered resulting in the following findings:

· For the one phase access case, a maximum of two MS can be addressed within an IPA message regardless if hopping is used or not (as opposed to 3 MS being addressable for the non-hopping case as suggested by [1]).
· For the one or two phase access cases where the Direct Encoding option is used there is no gain as only one MS can be addressed within an IPA message (this is not discussed in [1]).
2. IPA Message Space Analysis

Considering the 19 octet payload space limitation of the “IPA Rest Octets IE” (see Annex A.1 below) and analyzing the proposed content for this IE for the case of uplink TBF assignments where the BCCH carrier is not used, the following should be noted:
2.1 One Phase Access
· A best case scenario for IPA message space utilization for the one phase access case (the IPA Uplink Assignment struct is used) when no frequency hopping is used in which case the Frequency Parameters struct provides information on a ARFCN (see yellow shaded text in Annex A.2 below). When uplink TBF resources are assigned for this best case scenario we get the following bit space utilization: 

· Total bits = 1 + [N*(1+43) + 1] + 3 + 1 + (3 + 2 + 10) + 1 + 1 where N = the number of MS addressed by the IPA message ( maximum value for N = 2 (total bits = 1 + [2*44 + 1] + 4 + 15 + 2 = 111 bits). 

· This means only 41 bits of payload space will remain according to the 152 bit limit which is not enough to support uplink resource assignments for a 3rd mobile station.
· A worst case scenario for IPA message space utilization for the one phase access case when frequency hopping is used in which case the Frequency Parameters struct can be provided using Direct encoding 2 information (see magenta shaded text in Annex A.2 below). When uplink TBF resources are assigned for this worst case scenario we get the following bit space utilization: 

· Total bits = 1 + [N*(1+43) + 1] + 3 + 1 + (3 + 2 + 6 + 6 + 4 + 64) + 1 + 1 where N = the number of MS addressed by the IPA message ( maximum value for N = 1 (total bits = 1 + [1*44 + 1] + 4 + 85 + 2 = 137 bits). 

· This means only 15 bits of payload space will remain according to the 152 bit limit which is not enough to support uplink resource assignments for a 2nd mobile station.
2.2 Two Phase Access
· A best case scenario for IPA message space utilization for the two phase access case (the IPA Single Block Uplink Assignment struct is used) is where the Frequency Parameters struct provides ARFCN information (see yellow shaded text in Annex A.2 below). When uplink TBF resources are assigned for this best case scenario we get the following bit space utilization: 

· Total bits = 1 + 1 + [N*(1+36) + 1] + 3 + 1 + (3 + 2 + 10) where N = the number of MS addressed by the IPA message ( maximum value for N = 3 (total bits = 2 + [3*37 + 1] + 4 + 15 = 133 bits). 

· This means only 19 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.
· A worst case scenario for IPA message space utilization for the two phase access case is where the Frequency Parameters struct provides the Direct encoding 2 information (see magenta shaded text in Annex A.2 below). When uplink TBF resources are assigned for this worst case scenario we get the following bit space utilization: 

· Total bits = 1 + 1 + [N*(1+36) + 1] + 3 + 1 + (3 + 2 + 6 + 6 + 4 + 64) where N = the number of MS addressed by the IPA message ( maximum value for N = 1 (total bits = 2 + [1*37 + 1] + 4 + 85 = 129 bits). 

· This means only 23 bits of payload space will remain according to the 152 bit limit which is not enough to support uplink resource assignments for a 2nd mobile station.
2.3 Baseband Frequency Hopping Used
· A common deployment scenario is where baseband frequency hopping is used and the BCCH frequency is within the hopping set in which case the Frequency Parameters IE needs to be included since MAIO and HSN type information will be needed by a mobile station. For this scenario, when the Frequency Parameters IE provides this information using either the Direct Encoding 1 or Direct Encoding 2 option the worst case scenarios identified in 2.1 and 2.2 above will apply. However, when the Frequency Parameters IE provides this information using the Indirect Encoding option the best case scenarios identified in 2.1 and 2.2 above will apply.
2.4 Baseband Frequency Hopping Not Used
· Another deployment scenario may be that where baseband hopping is not used and the BCCH carrier is not preferred for PS resource allocations (e.g. due to the reduced efficiency of PDCH resource utilization resulting from non-contiguous PDCHs when MCCCH is used on the BCCH carrier or when SDCCHs are allocated on the BCCH carrier). This will require ARFCN information to be provided by the Frequency Parameters IE which corresponds to the best case scenarios identified in 2.1 and 2.2 above.  
2.5 Implicit Reject Information

· Though not currently specified, the “IPA Rest Octets IE” needs to include a bit for indicating “Implicit Reject CS” and a bit for indicating “Implicit Reject PS” since the IPA message can be sent on the AGCH and should therefore be able to convey implicit reject information for IPA capable mobile stations. Adding these 2 bits will make the IPA Rest Octets bit shortage problem even worse.

3. Conclusion

When considering the case of system operation where IPA is used as an alterative mechanism for alleviating high CCCH load, even if the best case scenario of IPA message space utilization is considered, IPA will only be able to support the assignment of uplink TBFs for a maximum of 2 mobile stations when the use of one phase access is prioritized. As such, the use of the IPA feature may in practice only provide a very limited improvement in AGCH signalling capacity regarding uplink TBF assignments which may not be sufficient for longer term AGCH loading scenarios.

It is the view of the sourcing companies that these limitations have not yet been fully appreciated in GERAN and that further discussion is needed on possible solutions for AGCH capacity enhancement that are not subject to the drawbacks mentioned in this paper. 
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Annex A.1

9.1.18a
Immediate packet assignment

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 9.1.18a.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

	
	Spare
	Spare
	M
	V
	1/2

	
	IPA Rest Octets
	IPA Rest Octets
10.5.2.78
	M
	V
	19


Annex A.2
10.5.2.78
IPA Rest Octets 
The IPA Rest Octets information element contains spare bits and possibly at leaste one of the IPA Uplink Assignment struct, the IPA Downlink Assignment struct, and the IPA Single Block Uplink Assignment struct.
The IPA Rest Octets information element is coded according to the syntax specified below and described in table 10.5.2.78.1.

The IPA Rest Octets information element is a type 5 information element with 0-19 octets length.

Table 10.5.2.78.1: 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 > } ;


