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Further discussion on IPA message
1 Introduction
To solve the congestion on CCCH, improving the AGCH capacity is a possible way. A new IPA (Immediate Packet Assignment) message has been proposed in [1][2][3] which can support to assign PS resources for more than one MS in one AGCH block. The proposed IPA message can be applied to IPA capable mobiles of any type (H2H or M2M) and of any priority (low or high). Some concerns were raised in the last GERAN2 MTC Adhoc meeting, and this paper tries to give response upon the received comments.
2 Discussion
2.1 Individual and common parameters in IPA
Some issues are listed in [4] as below to discuss which parameter should be common or individual for the addressed MSs in the IPA message. The sourcing companies give following responses for the raised issues as below marked with “Response”.

1. The Channel Coding Command is proposed as a mandatory field however it is only needed for uplink TBFs (though octet alignment need to be met) and should be an individual parameter as the capabilities of the mobile station may vary i.e. depending on whether 8PSK is supported in uplink or not.

· Response: Reasonable and accepted.

2. The assigned timeslot is common to all uplink TBFs (resp. downlink TBFs) assigned. This is not reasonable especially for assigning several TBFs at the same time. 

· Response: A maximum of 3 devices are assigned on one timeslot hence the sourcing companies don’t see this as a big issue. Devices those require more timeslots can be re-assigned.

3. The USF Granularity is missing from the packet uplink assignment construction (common or individual parameter). 

· Response: A USF granularity of “0” is sufficient for devices that require to send small amount of data, and value “0” can be treated as a default value without presence in the IPA message. For devices that would need to send large amount of data can be re-assigned.

4. The TLLI BLOCK CHANNEL CODING is missing from the packet uplink assignment construction (common parameter). Alternatively, the assumption as to how to encode the TLLI is missing.

· Response: to guarantee the robustness of uplink blocks containing TLLI for all addressed devices, a default value “0”, i.e. using MCS-1 in EGPRS TBF mode, can be used for “TLLI_BLOCK_CHANNEL_CODING” which does not need to be present in the IPA message.
5. The EGPRS Window Size is missing from the Packet Uplink/Downlink Assignments (individual parameter) – if the multislot class cannot be indicated in the EGPRS PCR IPA causes (see §3.1.2) a fixed assumption would be reasonable, however 64 is generally inappropriate for EGPRS (esp. 8-PSK). If the multislot class is indicated at OPAR IPA, then the EGPRS Window Size would be needed.

· Response: A default window size of 64 is sufficient for most applications. Alternatively for EGPRS TBFs, the maximum window size according to the number of timeslots assigned can be assumed to be 192 since IPA message only assigns a single time slot. If network determines a device requires more resources then network can re-assign resources.

6. The RESEGMENT bit is missing from the Packet Uplink Assignment construction. This can be a common parameter.

· Response: almost all network products have supported incremental redundancy function, and for MS it is mandatory to support incremental redundancy. Thus RESEGEMENT bit is not needed and a default value is set to “0” to allow the incremental redundancy. 

7. The POLLING bit is missing from the Packet Uplink Assignment construction preventing the network to request a Packet Control Acknowledgement to be sent on the assigned PDCH. This could be a common parameter.

· Response: Don’t see polling for uplink TBF assignment is necessary. Network would know if mobile receives the assignment once it gets response to the USF. In any case if a common POLLING bit is set to true then each mobile will use the same uplink block to send the response and this is not desirable. To overcome this problem some mechanism needs to be found for each addressed device to use a different uplink block for poll response (i.e. a different RRBP). Sourcing companies consider it is a waste of uplink resource to poll the mobile within such an uplink assignment message. So there is no need to poll for uplink TBF assignment.
8. Starting Time: the proposal above makes use of a starting time offset relative to the FN where the IPA message was received, as opposed to an absolute starting time, but it is not clear why it is missing for the Packet Uplink Assignment (individual parameter). Also an (optional) absolute Starting Time is required for the downlink TBF assignment (16 bits) (individual parameter).

· Response: For single block assignments some form of starting time is required. For TBF assignments (uplink or downlink) starting time is not necessary. The network may reserve the assigned uplink resources in advance before sending this new assignment message. And the mobile will immediately switch to the assigned uplink resource after receiving this new assignment message (of course complying with the existing reaction times).
9. The RLC mode is common to all assigned downlink TBFs which is not reasonable.

· Response: Most applications use RLC ACK mode, it is reasonable to make it as common to all assigned downlink TBFs. 

10. The frequency parameters (including TSC) are common to all assigned TBFs, which outside of the BCCH carrier may not be reasonable.

· Response: For shared resources it is quite reasonable to use common frequency parameters. If a particular device needs more resources then it can be re-assigned.  

11. Last, IPA is only applicable to mobile station with EGPRS capabilities.

· Response: Most new devices appearing on the market support EGPRS. There is very little demand for GPRS only devices. There is no problem to only apply IPA for EGPRS capable devices. Considering the analysis above, the sourcing companies propose the following struct for the IPA message.
Table 1 IPA message

	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 Packet 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 10.5.2.77
	M
	V
	19


And the modified struct of <PIA Rest Octets> and bit calculation are as following: 
	parameters
	Bit number
	Sum

(without the optional parameter)

	<PIA Rest Octets> ::=


{ 0 | 1
< Packet Uplink Assignment Extent >}


{ 0 | 1
< Packet Downlink Assignment Extent >}


{ 0 | 1
< Packet Single Block Uplink Assignment Extent >}

<spare padding>;


	1

1

1


	3

	<Packet Uplink Assignment Extent> : :=


{ 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) >

} ** 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 >}

};


	[1+11

8

5

6

5

3
4]*U
1

3

1(+Fu)


	43*U +4+Fu

	< Packet Downlink Assignment Extent> ::=


{ 1
< TLLI : bit (32) >



< TFI_ASSIGNMENT : bit (5) >



< GAMMA : bit (5) >



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


} ** 0;



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

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


< RLC_MODE : bit >

< TN : bit (3) >

{ 0
;



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

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

};


	[1+32

5

5

1(+6) ]*D
1
1(+2)

1
3
1(+Fd)


	44*D+7+Fd

	<Packet Single Block Uplink Assignment Extent> ::=


{ 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 >}

};


	[1+11

8

5

6

6] * S
1
3

1(+Fs)


	37*S+5+Fs


And bit calculation for < Frequency Parameters IE > is as following: 

	parameters
	Bit number

	< Frequency Parameters IE > ::=


< 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 > > } ;


	5+F



	< Indirect encoding struct > ::=


< MAIO : bit (6) >


< MA_NUMBER : bit (4) >


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




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


	16

	< Direct encoding 1 struct > ::=


< MAIO : bit (6) >


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


	6
GPRS MA

	< 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) > ;


	16

MA Freq list


Because the available space for <PIA Rest Octets> is 19 octets (152bits), and if the < Indirect encoding struct > is used when frequency hopping, the supported number of users for the BCCH carrier assignment, non-frequency hopping assignment, and frequency hopping assignment is shown in the following table.
Table 2 Number of devices addressed in IPA
	BCCH
	Non-hopping
	hopping

	3U
	3U
	2U

	2D
	2D
	2D

	3S
	3S
	2S

	1U+1D
	1U+1D
	1U+1D

	2S+1D
	1S+1D
	1S+1D

	2U+1S
	1U+1S
	1U+1S


2.2 Capability indication in EGPRS Packet Channel Request

IPA should support both one phase and two phase access. So we need two causes in EGPRS packet channel request to indicate one phase access and two phase access. And current EGPRS packet channel request still have unused code points to support two types of access.
For one phase access, the MS does not need to indicate the multi slot class capability since the IPA message can only assign one slot for each addressed devices. In another word, a default multi slot class is assumed for IPA capable MS which support one UL slot and one DL slot at least. If the MS requests a large amount of data transmission, a two phase access type will be requested.

The proposed IPA capability indicator in EGPRS Packet Channel Request is as following:
Table 11.2.5a.2: EGPRS PACKET CHANNEL REQUEST message content

	< EGPRS Packet channel request message content > ::=


< One Phase Access Request :
0
< MultislotClass : bit (5) >




< Priority : bit (2) >




< RandomBits : bit (3) > >


| < Short Access Request :
100
-- The value 100 was allocated in an earlier version of the protocol and shall not be used by the mobile station



< NumberOfBlocks : bit (3) >




< Priority : bit (2) >




< RandomBits : bit (3) > >


| < One Phase Access Request by Reduced Latency MS:
101
< MultislotClassGroup : bit (3) >




< Priority : bit (2) >




< RandomBits : bit (3) > >


| < Two Phase Access Request :
110000
< Priority : bit (2) > 




< RandomBits : bit (3) > > 


| < Signalling :
110011
< RandomBits : bit (5) > >


| < One phase Access Request in RLC unack mode :
110101
< RandomBits : bit (5) > >


| < Dedicated Channel Request :
110110
< RandomBits : bit (5) > >


| < Emergency call :
110111
< RandomBits : bit (5) > >
;

| < One Phase Access Request by IPA capable MS>
1110
< Priority : bit (2) >




< RandomBits : bit (5) > >

| < Two Phase Access Request by IPA capable MS>
111100
< Priority : bit (2) >




< RandomBits : bit (3) > >



2.3 Page mode issue
Page mode is normally changed to re-organise when network is changing BCCH configuration and it wants all mobiles in the cell to re-read the system information messages to determine the new BCCH configuration. In the adhoc meeting, some companies concern the missing of Page Mode IE due to the signal of new IPA message, which may impact the legacy mobiles. For example, when page mode IE changes from “normal paging” to “paging reorganization”, but the legacy mobiles cannot recognize the new Page Mode value included in the new IPA message, which may delay these legacy mobiles to recognize the new BCCH configuration.
The sourcing companies understanding are:

· In any case the page mode is changed very rarely and network has to broadcast the changed page mode for a considerable length of time, e.g. longer than one paging cycle, to ensure all mobiles in the cell are able to receive the new page mode. 
· To minimize the impact of changing page mode value, the network can just temporally stop sending new IPA but use the old immediate assignment to notify the new page mode value during the adjusting period of page mode. Generally networks change BCCH configuration during off-peak periods hence using legacy assignment messages is reasonable.
2.4 Performance improvement

But just based on simple calculation, within 51-multiframe there are maximum 9 AGCH blocks. If the network have the chance to use one AGCH block to signal the new IPA message (assign two/three MS), the AGCH capacity can be increased by at about 10% =(10-9)/9*100%. The sourcing companies think this increase is very promising already.
Simulation results will be provided as soon as they are ready.
3 Conclusion
This paper response the concerns raised on the last adhoc meeting, and gives modified struct for the IPA message and EGPRS Packet Channel Request message. It is proposed to introduce this new Immediate Packet Assignment message in Release-10 to increase the AGCH capacity. 
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