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9.2
1 Introduction

During RAN#34, Vodafone presented a contribution (R2-030202) proposing to reduce the size of the INTER RAT HANDOVER INFO message that is passed on the UL via GSM to the UTRAN during GSM call setup.

The size of the INTER RAT HANDOVER INFO message defined in TS 25.331 is equal to 497 bits for support of 2FDD + 3TDD bands + 2GSM bands, and 528 bits for the same FDD + TDD bands, and 7 GSM bands worst case. This would equal 62.125 octets and 66 octets respectively. 

The size of this message would need to be transported over the air interface in 4 GSM LAPd frames. This would be additional to the 3-octet header of the (GSM) UTRAN Classmark Change message. Due to the fact that each LAPd PDU is 20 octets in size, and there is a 235ms delay between the sending of each PDU, this results in 940 milliseconds of additional call setup delay in GSM.

It was agreed in RAN2#34 that we should try to optimise this message before RAN#20, in order to allow it into Release 5. 

In order to try to summarise the proposal from the last meeting, it consisted of the following optimisations:

1. Re-coding of the pre-defined configurations status information:

a. Grouping of pre-defined consecutive configurations with identical value tags

b. Grouping of pre-defined consecutive configurations with different value tags

2. Optimisation of the security capability 

3. Removal of the UE radio access capabilities that are not necessary immediately on HO from GSM to UTRAN.

4. Re-coding (where possible) of the UE radio access capabilities that are necessary on HO from GSM to UTRAN.

2 Re-coding of the pre-defined configurations status information

2.1 General

The extract below shows an ASN.1 coding of the optimisation proposal as defined at RAN2#34. The only difference here is that the pre-defined configurations from the end scenario is not included, because we felt that it was duplicating the existing coding.

PredefinedConfigStatusListComp::= SEQUENCE {


setWithSameValueTag




PredefinedConfigSetWithSameValueTag


OPTIONAL,


setsWithDifferentValueTag


PredefinedConfigSetsWithDifferentValueTag
OPTIONAL,


otherEntries





PredefinedConfigStatusListVarSz



OPTIONAL

}

PredefinedConfigSetWithSameValueTag::= SEQUENCE {


startPosition






INTEGER (1..7)

OPTIONAL,
(not present if zero)


numberOfEntries






INTEGER (9..15)

OPTIONAL,
(not present if to end)


commonValueTag






PredefinedConfigValueTag

}

PredefinedConfigSetsWithDifferentValueTag::= SEQUENCE (SIZE (1..2)) OF








PredefinedConfigSetSetWithDifferentValueTag

PredefinedConfigSetWithDifferentValueTag::= SEQUENCE {


startPosition







INTEGER (1..12)

OPTIONAL, (not present if zero)


valueTagList







PredefinedConfigValueTagList

}

PredefinedConfigValueTagList::=

SEQUENCE (SIZE (x..maxPredefConfig)) OF












PredefinedConfigValueTag

PredefinedConfigStatusListVarSz ::=

SEQUENCE (SIZE (1..maxPredefConfig)) OF












PredefinedConfigStatusInfo

PredefinedConfigStatusInfo::=

CHOICE {


storedWithValueTagSameAsPrevious
NULL,


NO CHANGE FROM RELEASE 99


other







CHOICE {



notStored






NULL,



storedWithDifferentValueTag


PredefinedConfigValueTag


}

}

2.2 Grouping of pre-defined consecutive configurations with identical value tags 

Since the last meeting, Vodafone has been considering the pain versus gain of implementing the Similar Value Tags part of the proposal. The description below shows the number of bits that will be required if the SetWithSameValueTag is implemented.

The Rel’99 coding increases linearly by a max of 5 bits as the number of identical consecutive value tags decreases, whilst the Rel’5 encoding would increase by 6 bits under the same conditions. So only when 14 or more consecutive value tags were identical would there be a definite benefit of this encoding. Therefore Vodafone propose not to progress with this optimisation any further.

2.3 Grouping of pre-defined consecutive configurations with different value tags

Vodafone feel that the use of the Different Value Tags part of the proposal would give the most benefit. The extract below shows the number of bits that would be used if the SetWithDifferentValueTags were implemented:

Different Consecutive Value Tags

PredefinedConfigSetsWithDifferentValueTag::= SEQUENCE (SIZE (1..2)) OF


(1+1) inc opt tag








PredefinedConfigSetSetWithDifferentValueTag

PredefinedConfigSetWithDifferentValueTag::= SEQUENCE {


startPosition







INTEGER (1..11)

OPTIONAL, (not present if zero)





















(4+1)


valueTagList







PredefinedConfigValueTagList


}

PredefinedConfigValueTagList::=

SEQUENCE (SIZE (x..maxPredefConfig)) OF

(3 or 4)












PredefinedConfigValueTag


(4*n)



















TOTAL = 11 + 4n bits per set

[Note that the reason for the “startPosition” being optional, is so that the UE does not have to include it if the set of different pre-defined configurations starts at zero.]

Other value tags:

PredefinedConfigStatusListVarSz ::=

SEQUENCE (SIZE (1..maxPredefConfig)) OF

(1+4) inc OPTtag












PredefinedConfigStatusInfo

PredefinedConfigStatusInfo::=

CHOICE {






(1*n)


storedWithValueTagSameAsPrevious
NULL,









other







CHOICE {





(1*n)



notStored






NULL,



storedWithDifferentValueTag


PredefinedConfigValueTag
(4*n) where n = no of other
























entries
















TOTAL = 5 + (6 or 1)*n bits

Other Entries

With the Release 99 encoding shown above the equation would be:

TOTAL = 4  + 6 + (6 *x + (16-n)) bits 



where x= n - 1

In this case n = different consec val tags.

With the Release 5 encoding, the equation would be:

TOTAL = 71 











where n = 16

TOTAL = (10 + 1 + 4*n) + 5 + [16-(n)]




where 15 >  n  => 1


So from this we can define the results for Sets of Different Consecutive tags + Other entries. 

[Note that this is taking the case where all the entries that are not consecutively different are similar.]

N=16, R5 = 71, R99 = 100

N= 15, R5 = 77, R99 = 95

N = 14, R5 = 74, R99 = 90

N=13, R5 =, 71, R99 = 85

N=12, R5 = 68, R99 = 80

N=11, R5 = 65, R99 = 75

N=10, R5 = 62, R99 = 70

N=9, R5 = 59, R99 = 65

N=8, R5 = 56, R99 = 60

N=7, R5 = 53, R99 = 55

N=6, R5 = 50, R99 = 50

N=5, R5 = 47, R99 = 45

Therefore when there are more than 6 consecutively different value tags, the Release 5 coding is more beneficial (hence the reason for ending the start position at integer value = 12). The worst case where all but one of the value tags were present and there are two sets of value tags of n1=7, n2=8, and in between them there was one similar value tag. This would equal 9 + 4n1 + 11 + 4n2 + 5 + (16 – (n1+n2)) = 86 bits. But this would still be less than 96 bits, which is the number of bits for 15 different tags +1 not stored in R’99. 

When there are 15 different consecutive value tags, and 1 not present, the total would equal 78 bits. In rel’99 this would be 96 bits again.

Therefore, with this coding we can make a maximum reduction of 29 bits, with 16 consecutively different tags, and a minimum reduction of 0 bits with 6 consecutively different value tags.

3 Optimisation of the security capability

From the INTER RAT HO INFO procedure text, it seems that the “UE Security Information” IE shall always be sent in the message. Making it mandatory would save one bit. However, this has not been done in this paper.

4 Removal of the unnecessary UE radio access capabilities

In order to further compress the message, it should be analysed as to which UE radio access capabilities are not essential immediately on HO from GSM to UMTS. The following table is updated and taken from R2-021610 that was presented in RAN WG2#30. 

	Group
	IEs
	Y
	Comment
	Number of bits

	UE radio access capability
	AS release indicator
	X
	Needed immediately
	4 bits + 1

	
	PDCP capability
	-
	Not needed immediately for currently supported CS handover scenario’s
	28 bits

	
	RLC capability
	-
	Not needed immediately; minimum requirements currently supported CS handover scenario’s
	9 bits

	
	Transport channel capability
	-
	Not needed immediately; minimum requirements currently supported CS handover scenario’s
	60 bits if Turbo coding

54 without turbo coding

	
	HSDPA capabilty
	-
	Not needed immediately
	4 bits

	
	RF capability FDD
	X
	May be needed immediately, depending on network configuration e.g. variable duplex information
	6

	
	RF Capability TDD
	X
	May be needed immediately, depending on network configuration
	16

	
	Physical channel capability
	-
	Not needed immediately; minimum requirements currently supported CS handover scenario’s
	104 bits

	
	UE multi-mode/multi-RAT capability
	X
	Needed immediately since it indicates support of FDD and/ or TDD
	4 bits

	
	Security capability
	X
	Needed immediately
	32 

	
	UE positioning capability
	-
	Not needed immediately – dueto the fact that UE positioning contexts cannot be maintained during inter-RAT HO.
	9

	
	Measurement capability
	?
	Is all of this needed immediately? 
	19 bits (with 2GSM bands)

(+ 31 for 7GSM bands)

	
	Multi-Mode/RAT capability
	-
	Not needed immediately
	1 bit

	UE radio access capability extension
	RF capability TDD extension
	X
	May be needed immediately, depending on network configuration e.g. variable duplex information
	7

	
	Measurement capability extension
	X
	Needed immediately? 
	52 (2FDD, 3TDD, 2GSM)


Table 1: UE Capabilities

The current UE radio access capability size with the stated band configuration would be:

356 bits for 2GSM bands, and 387 for 7 bands. 

With the removal of the IEs not marked by X in the table would that the following number of bits would be left:

5 + 6 + 16 + 4 + 32 +19 (+31) + 7 + 52 = 151 bits (for 2GSM bands) or 182 bits (for 7GSM bands).

This would give a reduction of 205 bits.

5 Re-coding of some of the remaining UE capabilities

With the IEs that are left in the INTER RAT HANDOVER INFO message, it is proposed that we do the following:

Security Capability: Currently 32 bits. 

Solution: Remove some of the spare bits whilst leaving room to enable 3 different algorithms. This would leave 7 bits in the IE. This would be a reduction of 25 bits.

RF/Measurement Capability: Perform a more optimised encoding. There are two options, and these are shown in the following sections.

5.1 RF Capability only

The following extract shows a recoding of purely the RF capability:

-------------------------------------------------------------------------

RF-capabilityComp::= SEQUENCE {

    fdd 




CHOICE {


   notSupported





NULL,


   supported





RF-CapabBandListFDDComp


},
    tdd





CHOICE {


   notSupported





NULL,


   supported





RF-CapabBandListTDDComp


}
}

RF-CapabBandListFDDComp::=
SEQUENCE (SIZE (1..maxFreqBandsFDD)) OF









RF-CapabBandFDDComp

RF-CapabBandFDDComp::=
ENUMERATED { notSupported, low_TxRxSeperation, 










 medium_TxRxSeperation, high_TxRxSeperation }

RF-CapabBandListTDDComp::= SEQUENCE {




radioFrequencyBandTDDList
RadioFrequencyBandTDDList,




chipRateCapability


ChipRateCapability

}
-----------------------------------------------------------------------------------------------------------------------

The coding above shows an optimisation and merging of the RF capability and the RF capability extension to 15 bits.

It shows that the UE Power Class IE is not included in the new RF Capability IE, and its importance must be discussed before this coding is agreed.

5.2 RF capability + Measurement Capability

If it is required to add all of the Measurement Capability Information IEs, then the Measurement Capability and Measurement Capability Extension can be combined with the RF Capability and RF Capability Extension to make more of an optimised coding. This new coding is shown below.

---------------------------------------------------------------------------------------------------------------------------

RF-capabilityComp::= SEQUENCE {

    fdd 




CHOICE {


   notSupported





NULL,


   supported





RF-CapabBandListFDDComp


},
    tdd





CHOICE {


   notSupported





NULL,


   supported





RF-CapabTDDComp


},

CompressedModeMeasCapabGSMList ::=
SEQUENCE (SIZE (1..maxFreqBandsGSM)) OF











CompressedModeMeasCapabGSM

},
}

RF-CapabBandListFDDComp::=
SEQUENCE (SIZE (1..maxFreqBandsFDD)) OF









RF-CapabBandFDDComp,









CompressedModeMeasCapabFDD
RF-CapabBandFDDComp::=
ENUMERATED {low_TxRxSeperation, 










 medium_TxRxSeperation, high_TxRxSeperation }

RF-CapabTDDComp::= SEQUENCE {




,




chipRateCapability



ChipRateCapability,



RF-CapabBandListTDDComp


RF-CapabBandListTDDComp
RF-CapabBandListTDDComp::=
SEQUENCE (SIZE (1..maxFreqBandsTDD)) OF









RadioFrequencyBandTDD 
,









CompressedModeMeasCapabTDD











measurementCapability-LCR
}
}
CompressedModeMeasCapabFDD ::=

SEQUENCE {


radioFrequencyBandFDD



RadioFrequencyBandFDD
OPTIONAL,


dl-MeasurementsFDD




BOOLEAN,


ul-MeasurementsFDD




BOOLEAN
}
}

CompressedModeMeasCapabTDD ::=

SEQUENCE {


dl-MeasurementsTDD




BOOLEAN,


ul-MeasurementsTDD




BOOLEAN
}
CompressedModeMeasCapabGSM ::=

SEQUENCE {


radioFrequencyBandGSM



RadioFrequencyBandGSM,


dl-MeasurementsGSM




BOOLEAN,


ul-MeasurementsGSM




BOOLEAN
}

}

MeasurementCapability-LCR ::=
SEQUENCE {


downlinkCompressedMode-LCR


CompressedModeMeasCapability-LCR-r4,


uplinkCompressedMode-LCR


CompressedModeMeasCapability-LCR-r4

CompressedModeMeasCapability-LCR-r4 ::=
SEQUENCE {


tdd128-Measurements





BOOLEAN






OPTIONAL
}
---------------------------------------------------------------------------------------------------------------------------

This re-coding would give the following total number of bits for the RF Capability + Measurement Capability:

62 bits (for (for FDD + TDD + measurements for 2GSM bands) compared to 100 bits for Rel’99.

92 bits for same scenario for 7 GSM bands compared to 132 bits for Rel’99.

This would give a reduction of 38 bits and 40 bits respectively.

6 Breakdown of compressed INTER RAT HANDOVER INFO message

Using all of the mechanisms described previously, Table 2 shows the breakdown of the INTER RAT HANDOVER INFO message. The corresponding message size is shown below. 

Therefore the breakdown of the new message is shown in Table 2.

	Group
	IEs
	Y
	Comment
	Number of bits

	Mandatory parts of original message
	
	X
	Includes presence bits e.g. for extensions
	13 bits

	Pre-defined configuration status information
	
	X
	Needed immediately
	84 bits maximum

	UE security information
	START-CS
	X
	Needed immediately
	21 bits

	UE radio access capability
	AS release indicator
	X
	Needed immediately
	5 bits

	
	RLC capability
	X
	Bit indicating UE supports more than 10 kB of AM buffer size/ applies window size 128 when assigned default configuration
	1 bit

	
	RF capability FDD
	X
	May be needed immediately, depending on network configuration e.g. variable duplex information
	9

	
	RF Capability TDD
	X
	May be needed immediately, depending on network configuration
	6

	
	Measurement Capability FDD + GSM
	X
	May be needed immediately, depending on network configuration
	11 + 46 (2FDD + 7GSM bands)

With 2GSM bands (=11 + 16)

	
	Measurement Capability TDD + GSM
	X
	May be needed immediately, depending on network configuration
	22 + 46 bits (3TDD + 7GSM bands)

With 2GSM bands (=22 + 16)

	
	Security capability
	X
	Needed immediately
	7

	UE Specific Behaviour Information 1 interRAT
	UE Specific Behaviour Information 1 interRAT
	X
	Needed immediately – as there may be faults related to RRC connection establishment.
	8


Table 2: Inter RAT Handover message breakdown

7 Open issues

7.1 Transfer of GSM Measurement Capabilities?

An agreement needs to be made on whether it would be beneficial to include any measurement capabilities in the message. It is proposed by Vodafone that we do not need to include the GSM measurement capabilities or the FDD and TDD measurement capabilities in the INTER RAT HANDOVER INFO message. This is because we feel that the scenario where a UE performed 3G-2G handover immediately after 2G-3G handover is unlikely, due to the fact that an operator would only generally perform a handover to UTRAN in stable UMTS radio conditions. The impact on the message size with this GSM measurements is shown below:

Including GSM Measurement Capabilities

Total (FDD capability) = 194 bits

Total (TDD capability) = 191 bits 

Total (FDD and TDD capability) = 198 bits

[Note: There would be a reduction by 30 bits with only 2GSM bands indicated.]

Not including GSM Measurement Capabilities

Total (TDD only support without measurements) = 145 bits

Total (FDD only support without measurements) = 148 bits

Total (FDD + TDD support without measurements) = 152 bits

So not including them saves 49 extra bits for the FDD only case and 47 bits for FDD + TDD.

7.2 Use of existing INTER RAT HO Info message or creation of new message?

If we were to include the compressed IEs in the existing INTER RAT HANDOVER INFO message, there would be an extra 13-bit overhead. With the use of a new message, these 13 bits would not be present. Therefore, this issue needs to be agreed upon.

8 Conclusions

8.1 Reduction in Call Setup Delay

Irrespective of the decision taken on the open issues shown in the section above, with the maximum size of Pre-defined Configuration Status InformationCompressed IE, the maximum size of the UTRAN Classmark Change message including the INTER RAT HANDOVER INFO message would be 148+3 = 151 bits with just FDD support, or 154+3 = 157 bits with FDD and TDD support. In either case, this is within 2 [GSM] LAPd frames. 

Compared to the previous Release 5 message size of 497 or 528 bits, the compressed message size without GSM measurements gives a size reduction of 282 or 283 bits under the same conditions (with 2FDD + 3TDD + 2 or 7 GSM bands). 

This would give a reduction of over 2 in the number of LAPd frames required, and give a reduction of 470ms to the GSM call setup delay. Therefore it is proposed that this optimisation is included as mandatory for Release 5.
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