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Discussion on improving flexibility of IPA
1 Introduction

In the last GERAN meeting, IPA (Immediate Packet Assignment) was agreed in Release 11. However, the sourcing company believes there are still some chances to improve the assignment flexibility of IPA. This contribution focuses on improving the flexibility of timeslot assignment and frequency parameters optimization.  

2 Restriction analysis
2.1 IPA Bit Calculation and assignment combinations
Based on the bit calculation in GP-110013[1] and GP-111202[2], the updated bit calculation for the accepted structure of <IPA Rest Octets> is listed in Table A.1 in Appendix A, and the corresponding bit calculation for <frequency parameters IE> is shown in Table A.2 and Table A.3 in Appendix A.
With Table A.1 and Table A.3, the feasible assignment combinations are provided in Table 1. The unsupported assignment combinations are marked with red and yellow. It should be noted that the unsupported assignment marked with yellow is due to the introduction of “Radio Access Capabilities Request（RAC Request）”.
Table 1 Feasibility of assignment combination (with optional parameters)
	Combination
	BCCH Carrier
	No Frequency Hopping
	Frequency Hopping

	
	
	
	Indirect encoding
	Direct encoding 1
	Direct encoding 2

	2U
	96
	111
	117
	>121
	>141

	3U
	140
	155
	161
	>165
	>185

	2D
	112
	127
	133
	>137
	>157

	2S
	82
	97
	103
	>107
	>127

	3S
	119
	134
	140
	>144
	>164

	1U+1D
	111
	140
	153
	>160
	>200

	1D+1S
	104
	134
	146
	>154
	>194

	1U+1S
	94
	124
	136
	>144
	>184

	1D+2S
	141
	171
	183
	>191
	>231

	2U+1S
	138
	168
	180
	>188
	>228

	Note 1: it is assumed all assigned TBFs use or do not use frequency hopping

Note 2: IPA Rest Octets max size = 152bits


2.2 Restriction on Timeslot Number (TN) 
Current IPA can only support assigning UL/DL TBF for multiple MSs on the same TN and using the same frequency parameters. In another word, current IPA cannot support assigning different MSs on different timeslots. As shown in Figure 1, if the network cannot find three unused USFs on one timeslot on one carrier, the network cannot assign three MSs in one IPA message.
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Figure1 Example of restrictions with the current IPA method
2.3 Restriction on indirect encoding
According to the combination analysis in Table 1 in Section 2.1, IPA cannot support assigning three MSs on non-BCCH frequency by using indirect encoding. Frequency parameters with indirect encoding format could be useful if BCCH frequency has carried heavy PS service. Therefore, possible way should be considered to support three MS assignment when using indirect encoding in IPA.
3 Solution 

To support more assignment combinations and assignment flexibility, the sourcing company proposes two possible methods, and each method can be supported by using one type of IPA Rest Octets.
All methods are based on the modification of frequency parameters in current IPA message. 

3.1 Method 0 - Frequency Parameters Modification

Since PBCCH is no longer used in real networks the MA_NUMBER in indirect encoding always uses default value 14. In addition, the IPA message is the first assignment message, thus MA_NUMBER with value 15 will not be used in IPA. Based on the above analysis, an Enhanced Indirect Encoding Struct and the corresponding Frequency Parameters IE are proposed as shown in Table 2.

Table 2 Enhanced Frequency Parameters IE

	Legacy indirect encoding
	Enhanced indirect encoding

	< 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 > > } ;

	< Enhanced Frequency Parameters IE > ::= 


< TSC : bit (3) > 


{ 00 < ARFCN : bit (10) > 


| 01 < Enhanced indirect encoding : < Enhanced 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) > } } ;
	< Enhanced indirect encoding struct > ::= 


< MAIO : bit (6) > 


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


With the modified frequency parameters, the feasible assignment combinations are updated accordingly, as shown in Table 3. One new assignment combination (1U+1D with indirect encoding) can be supported, which is marked green.

Table 3 Feasibility of assignment combination (with optional parameters)

	Combination
	BCCH 

Carrier
	No Frequency Hopping
	Frequency Hopping

	
	
	
	Indirect encoding
	Direct encoding 1
	Direct encoding 2

	2U
	96
	111
	110
	>121
	>141

	3U
	140
	155
	154
	>165
	>185

	2D
	112
	127
	126
	>137
	>157

	2S
	82
	97
	96
	>107
	>127

	3S
	119
	134
	133
	>144
	>164

	1U+1D
	111
	141
	139
	>161
	>201

	1D+1S
	104
	134
	132
	>154
	>194

	1U+1S
	94
	124
	122
	>144
	>184

	1D+2S
	141
	171
	169
	>191
	>231

	2U+1S
	138
	168
	166
	>188
	>228

	Note 1: it is assumed all assigned TBFs use or do not use frequency hopping

Note 2: IPA Rest Octets max size = 152bits


Proposal 1: Remove MA_NUMBER and one CHANGE_MARK in legacy indirect encoding struct to create the enhanced frequency parameters to support more assignment combinations.
3.2 Method A - IPA Rest Octets Type 1

Method A: Modify MS RAC request bit to be a common parameter for all MSs.

Current RAC Request bit is specific for each addressed MS in the IPA message. The sourcing company considers that one common RAC request bit for all addressed MSs is sufficient since the network can get too rare information to decide which MS’s RAC should be requested in a single IPA message. 
In Method A, the corresponding structure of IPA with one common RAC request bit and enhanced Frequency Parameters is shown in Table 4, and also indicated as IPA Rest Octets Type 1. 
Table 4 Modified IPA Rest Octets with RAC Request (IPA Rest Octets Type 1)
	<IPA Rest Octets Type 1> ::=


{ 0 | 1
< IPA Uplink Assignment Type 1 struct >}


{ 0 | 1
< IPA Downlink Assignment Type 1 struct >}


{ 0 | 1
< IPA Single Block Uplink Assignment Type 1 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) >


} ** 0;



--Repeated as many times as necessary, once for each addressed device;

< Radio Access Capabilities Request: bit (1) >
< TN : bit (3) >

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


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

};


With method A, the feasible assignment combinations are updated accordingly, as shown in Table 5. Another assignment combination can now be supported, which is marked green.

Table 5 Feasibility of assignment combination (with optional parameters)

	Combination
	BCCH 

Carrier
	No Frequency Hopping
	Frequency Hopping

	
	
	
	Indirect encoding
	Direct encoding 1
	Direct encoding 2

	2U
	95
	110
	109
	>120
	>140

	3U
	138
	153
	152
	>163
	>183

	2D
	112
	127
	126
	>137
	>157

	2S
	82
	97
	96
	>107
	>127

	3S
	119
	134
	133
	>144
	>164

	1U+1D
	111
	141
	139
	>161
	>201

	1D+1S
	104
	134
	132
	>154
	>194

	1U+1S
	94
	124
	122
	>144
	>184

	1D+2S
	141
	171
	169
	>191
	>231

	2U+1S
	137
	167
	165
	>187
	>227

	Note 1: it is assumed all assigned TBFs use or do not use frequency hopping

Note 2: IPA Rest Octets max size = 152bits


Note: If MS RAC Request bit is removed, “3U” assignment combination in No Frequency Hopping can be supported in one IPA message.
Proposal 2: Modify RAC Request bit to be common for all the addressed MSs other than for each assigned MS.
3.3 Method B - IPA Rest Octets Type 2

Method B: puts TN into the loop for each MS, so the TN can be different other than common for different MSs. 
In Method B, the modified < IPA Uplink Assignment struct >, also indicated as IPA Rest Octets Type 2, is illustrated in Table 6. 
Table 6 Modified IPA Rest Octets struct (IPA Rest Octets Type 2)
	<IPA Rest Octets Type 2> ::=


{ 0 | 1
< IPA Uplink Assignment Type 2 struct >}


{ 0 | 1
< IPA Downlink Assignment Type 2 struct >}


{ 0 | 1
< IPA Single Block Uplink Assignment Type 2 struct >}

<spare padding>;


	<IPA Uplink Assignment Type 2 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) >

< TN : bit (3) >


} ** 0;



--Repeated as many times as necessary, once for each addressed device;

< Radio Access Capabilities Request: bit (1) >
{ 0;  --'0' indicates that BCCH frequency shall be used


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

};


With Method B, the updated bit calculation is shown in Table 7. Compared with Method A (Table 5), “3U” assignment combination in the Indirect encoding is not supported (marked yellow). But assignment flexibility to allow different TN assignments can be achieved.
Table 7 Feasibility of assignment combination (with optional parameters)
	Combination
	BCCH 

Carrier
	No Frequency Hopping
	Frequency Hopping

	
	
	
	Indirect encoding
	Direct

encoding 1
	Direct 

encoding 2

	2U
	98
	113
	112
	>123
	>143

	3U
	144
	159
	158
	>169
	>189

	2D
	115
	130
	129
	>140
	>160

	2S
	85
	100
	99
	>110
	>130

	3S
	125
	140
	139
	>150
	>170

	1U+1D
	111
	141
	139
	>161
	>201

	1D+1S
	104
	134
	132
	>154
	>194

	1U+1S
	94
	124
	122
	>144
	>184

	1D+2S
	144
	174
	172
	>194
	>234

	2U+1S
	140
	170
	168
	>190
	>230

	Note 1: it is assumed all assigned TBFs use or do not use frequency hopping

Note 2: IPA Rest Octets max size = 152bits


Proposal 3: With Method A, and further assign different timeslots other than the common timeslot for different addressed MSs.
3.4 Integrated Solution

According to above analysis, proposals can be concluded as following: Method 0 is the basis for Method A and B.
· Method 0: Remove MA_NUMBER and one CHANGE_MARK in legacy indirect encoding struct to create the enhanced frequency parameters
· Method A: Method 0 + set a single RAC Request bit common for all the addressed MSs
· Method B: Method 0 + Method A + set specific TN different for different MSs
If the network wants to assign three MSs in one IPA message, however, it cannot find three unused USFs on one timeslot. In such situation, two MSs can be assigned with Method B while only one MS can be assigned with Method A. It is worth considering the tradeoff between assignment flexibility and assignment combination. 

Based on the above analysis, two types of IPA Rest Octets are introduced to support flexible IPA assignment. Each method can be supported by an IPA Rest Octets. One bit of spare code point in the IPA Message Content can be used to signal the selected type of IPA Rest Octets, i.e. the selected method. 
Table 8 Spare ( 4 bit field )
	4
	3
	2
	1

	0 

spare
	0 

spare
	0 

spare
	IPA Rest Octets Type Indicator


IPA Rest Octets Type Indicator 
0

IPA Rest Octets Type 1 – Method A
1

IPA Rest Octets Type 2 – Method B
The corresponding IPA message content is modified as follows.  

Table 13 Modified 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 Type 1
	IPA Rest Octets Type 1
10.5.2.78
	C
	V
	19

	
	IPA Rest Octets Type 2
	IPA Rest Octets Type 2
10.5.2.79
	C
	V
	19


Proposal 4: Introduce two types of IPA Rest Octets corresponding to two different methods respectively, and use the IPA Rest Octets type indicator to indicate the selected IPA Rest Octets type used in IPA message.
4 Conclusion

In this contribution, four proposals are presented to support as many assignment combinations as possible and improve the assignment flexibility.
Proposal 1: Remove MA_NUMBER and one CHANGE_MARK in legacy indirect encoding struct to create the enhanced frequency parameters to support more assignment combinations.

Proposal 2: Modify RAC Request bit to be common for all the addressed MSs other than for each assigned MS.
Proposal 3: With Method A, and further assign different timeslots other than the common timeslot for different addressed MSs.

Proposal 4: Introduce two types of IPA Rest Octets corresponding to two different methods respectively, and use the IPA Rest Octets type indicator to indicate the selected IPA Rest Octets type used in the IPA message.
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6 Appendix A

Table A.1  Bit Calculation for IPA Rest Octets IE

	Parameters
	Bit

Number
	Sum 

(without

 optional parameter)
	Sum 

(with 

optional parameter)

	<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>;
	1

1

1


	3
	3

	<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 >} 

 };
	[1+11

8

5

6

5

3

4

1]*U
1

3

1(+Fu)
	44*U+5
	44*U+5

+Fu 

	< IPA Downlink Assignment struct > ::=


{ 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(1)>
< 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
	50*D+9

+Fd

	< 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 >} 

 };

	[1+11

8

5

6

6]*S

1

3

1(+Fs)
	37*S+5
	37*S+5

+Fs


Table A.2 Bit Calculation for Frequency Parameters IE

	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


From Table A.2, it can be seen that for each inclusion of frequency parameters the following number of bits are required:

Table A.3 Total Bits Required

	Case
	Bits

	No frequency hopping
	15

	Indirect encoding
	21

	Direct encoding 1
	>25

	Direct encoding 2
	>45
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