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1. Introduction

At RAN2#45 and also submitted this meeting, RAN2 received a liaison [1] from GERAN requesting us to provide feedback on the changes required to RAN2 specifications to enable the PS handover feature to be used between UTRAN and GERAN systems. In this document we describe the fundamental assumptions of how PS Handover is supposed to work. Then we go on to describe the functional impacts to the UTRAN, and how the changes can be implemented. 

2. Description of PS handover feature and functional UTRAN changes required

2.1
Assumptions/Principles

Before describing the details of the feature, some of the high level assumptions of GERAN in designing the PS handover architecture need to be known:

1) DTM is not considered for Release 6 – however it may be considered for future releases.

2) Lossless PS handover is possible depending on the QoS profile of the PDP context and whether deliver order is required to be preserved. 

It is assumed by Vodafone that this functionality should be optional in the UE. However this needs to be clarified further with GERAN and within RAN2.

3) Existing functions of SRNS Relocation are used where possible

2.2
Differences between GPRS Gb and UTRAN Iu-PS architecture

The user plane protocol architecture for GERAN A/Gb is depicted in Figure 1 below.
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Figure 1: User Plane protocol architecture in A/Gb mode

In GPRS, although the Gb control plane signalling is similar to that of Iu, the user plane is slightly different. The BSS equivalent to PDCP is SNDCP/LLC, which is a function of the SGSN. This is transparent to the BSS and handled directly between SGSN and MS. 

2.2.1
PDCP/N-PDU number translation

GPRS relies on the transfer of N PDUs between SGSN and MS. N-PDU numbering is performed in the 2G SGSN and MS to maintain delivery order in downlink and uplink. The UTRAN relies on PDCP sequence numbering in UTRAN and UE to maintain delivery order in downlink and uplink. 

This means that when handover of lossless radio bearers (PFCs in GPRS) is performed, both network and UE need to provide some kind of translation between the N-PDU number and the PDCP sequence number. 

Where the sequence number translation is performed in the network is FFS in GERAN. The options are to perform the translation in the 2G SGSN or in the 3G RNC. If we don’t want to impact the UTRAN, it would be best to perform the translation in the 2G SGSN. However, both GERAN and RAN2 need to be involved in this decision.

2.2.2
Data forwarding

In SRNS Relocation, we forward N-PDUs to the target RNC using a GTP-U tunnel between source RNC and target RNC. In PS handover, the difference would be that the GTP-U tunnel is established between the 2G SGSN and the 3G RNC. This should not have any impact on the RNC in itself, as long as the PDCP sequence number to N-PDU number mapping is performed in the 2G SGSN, i.e.: 

· the 2G SGSN is responsible for converting the N-PDU number to a PDCP sequence number, and adding this to the PDCP SDU to be forwarded to the target RNC. 

· the 2G SGSN is responsible receiving the forwarded PDCP PDU from the source RNC, and stripping off the PDCP sequence number and converting this to the N-PDU number.

2.2.3
Maintenance of PDCP sequence number /N-PDU number synchronisation

In GPRS, the exchange of N-PDU numbers is performed between SGSNs and MS during inter BSS handover. In UTRAN, the exchange of PDCP sequence numbers is performed between RNCs and UE during SRNS Relocation. This aspect will be discussed in more detail in section 2.3 and 2.4. As stated previously, if the sequence number translation is performed in the SGSN, then there should be no impact to existing RANAP procedures here.

2.2.4
RoHC Context Relocation 

Currently during SRNS Relocation it is possible to maintain the RoHC context by performing “Context Relocation”, involving the sending of the RFC3095 CONTEXT INFO message from Source to Target RNC. It is the assumption of Vodafone that it is not intended for this to be extended for the case of 3G-2G PS handover. However this needs more clarification, as lossless PS handover is intended to be used.

Vodafone believe it would be useful to ask GERAN2 and CN1 what their assumptions are on its usage for inter-BSC handover. Then we can separately decide it if it essential for the inter-RAT case.

2.3
PS Handover from GPRS to UTRAN

The signalling flow for GPRS to UTRAN handover is shown below figures 2 and 3. 
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Figure 2: PS Handover Preparation Phase; Inter-RAT/mode, Intra-SGSN case (GERAN A/Gb ( UTRAN, GERAN Iu)
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Figure 3 PS Handover Execution Phase; Inter-RAT/mode, Intra-SGSN case (GERAN A/Gb ( UTRAN, GERAN Iu)

2.3.1
Lossless PS handover issues

When comparing this to “SRNS Relocation with combined hard handover”, the handover trigger RRC message sent from source RNC to the UE contains the “next expected uplink received PDCP SN”. Then in the response RRC message (towards the target RNC) the “next expected downlink receive PDCP SN” is included.

However, in the PS handover execution in TS43.129, it is not stated that on triggering the handover, how the MS receives the “next expected uplink received PDCP SN”. Also, it is not clear whether GERAN expect UTRAN to include the “next expected downlink receive PDCP SN” in the first RRC message (i.e. HANDOVER TO UTRAN COMPLETE) sent from UE to target RNC. These issues need to be clarified with GERAN.

2.3.2
MS Radio Access Capability (MS RAC)

Currently this is not included in the in the inter-RAT Handover Info with inter-RAT capabilities message sent from BSS to the UTRAN. And for GERAN-Iu, this is not included in the SRNS RELOCATION INFO message. This needs to be included.

2.3.3
Security

Currently the START PS values are not sent in the inter-RAT Handover Info with inter-RAT capabilities message sent from BSS to the UTRAN. This needs to be included. [Note that it already exists in the SRNS RELOCATION INFO message.]

2.3.4
INTER RAT HANDOVER INFO message issue

There is currently a discussion ongoing between GERAN2 and CN1 to discuss how to send the INTER RAT HANDOVER INFO message from the MS to the 2G network. The problem is that GERAN say that because the message may be larger than 20 octets, the RLC/MAC architecture in the BSS would need to be modified if the message was supposed to be received from the MS by the BSS. Therefore they propose that this information is instead sent directly from MS to SGSN in the RAU procedures, and subsequently passed to the BSC. Then on handover to UTRAN, the information can be passed from the BSC to the UTRAN.

This in itself is not a RAN2 issue in particular. However, it would need to be discussed as to what the impact would be on the use of the “compressed INTER RAT HANDOVER INFO message” added in Release 5. If this information is sent in the Routing Area Update message, it may not be necessary to compress it. Otherwise we need to think about how much PS information to add to this message – considering one of the ways of compressing the Release 5 message was to take out all of the PS capability information. 

2.4 PS Handover from UTRAN to GPRS

The signalling flow for UTRAN to GPRS handover is shown below in figures 4 and 5.
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Figure 4: PS Handover Preparation Phase; Inter-RAT/mode, Intra-SGSN case (UTRAN/GERAN Iu ( GERAN A/Gb)

Note: Steps 5 and 6 are optional. Similar to a RAB re-negotiation.
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Figure 5: PS Handover Execution Phase; Inter-RAT/mode, Intra-SGSN case (UTRAN/GERAN Iu ( GERAN A/Gb)

2.4.1
Lossless PS Handover issues

With regards to the execution phase in figure 5, it is stated in TS43.129 that the exchange of the “next expected uplink/downlink received N-PDU number” between network and MS is performed via the RAU procedure following access to GERAN. The equivalent going from GPRS to UTRAN would be that we would need a downlink RRC message and an uplink RRC message to be used to exchange PDCP SN information following access to UTRAN. The current assumption can only be that GERAN wants to have different architectures in both directions. Again, this needs to be clarified with GERAN.

2.4.2
PS handover in CELL_FACH state

Currently in TS43.129 it is stated that the handover may be triggered in CELL_FACH state. This is a bit of a strange concept because in intra-UTRAN mobility we do not allow network-controlled handover in CELL_FACH state. 

One of the issues to consider here is that the UE may currently re-select a cell at any time. Where we have CELL_CHANGE ORDER FROM UTRAN in Release 99, this is still maintaining the functional split that the UE is responsible for moving on its own. However, if we add full handover towards GERAN for CELL_FACH, we would need to re-assess the whole functional split between UTRAN and UE. And considering the size of the benefit that this optimisation would be envisaged to bring to user experience, it may not be worth considering it for Release 6.

2.4.3 MS RAC

Today the GSM CS capabilities are included in the RRC CONNECTION COMPLETE message. This needs to be updated to include the MS RAC for PS.

This MS RAC information received by the UTRAN needs to be included in the SRNS RELOCATION INFO message for handover from UTRAN to GERAN-Iu.

2.4.4
Security

Today the START-PS value is not included in the INTER RAT HANDOVER INFO message sent from UTRAN to BSS. This needs to be included. [Note that it is already sent in the SRNS RELOCATION INFO message for handover to GERAN-Iu.]

2.4.5
Ciphering algorithm capabilities

Currently, the GSM security capabilities (i.e. algorithm support) are provided from the UTRAN to the UE in the SECURITY MODE COMMAND message. For the case of PS Handover, the “GPRS algorithm support” information needs to be given to the UE. Therefore Vodafone considers that this information needs to be included in the SECURITY MODE COMMAND message. This may need some further clarification though.

3.
Required tabular changes to RRC

In order to highlight the changes required to the RRC messages, the changes have been highlighted to the tabular below:

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

10.2.15
HANDOVER FROM UTRAN COMMAND

This message is used for handover from UMTS to another system e.g. GSM. One or several messages from the other system can be included in the Inter-RAT message information element in this message. These messages are structured and coded according to that systems specification.


RLC-SAP: AM


Logical channel: DCCH


Direction: UTRAN(UE

	Information Element/Group name
	Need
	Multi
	Type and reference
	Semantics description
	Version

	Message Type
	MP
	
	Message Type
	
	

	UE information elements
	
	
	
	
	

	RRC transaction identifier
	MP
	
	RRC transaction identifier 10.3.3.36
	
	

	Integrity check info
	CH
	
	Integrity check info 10.3.3.16
	
	

	Activation time
	MD
	
	Activation time 10.3.3.1
	Default value is "now"
	

	RB information elements
	
	
	
	
	

	RAB information list
	OP
	1 to <maxRABsetup>
	
	For each RAB to be handed over. In handover to GERAN Iu mode the RAB information is included in the GERAN Iu message below.
	

	>RAB info
	MP
	
	RAB info 10.3.4.8
	
	

	Other information elements
	
	
	
	
	

	CHOICE System type
	MP
	
	
	This IE indicates which specification to apply, to decode the transported messages
	

	>GSM
	
	
	
	
	

	>>Frequency band
	MP
	
	Enumerated (GSM/DCS 1800 band used), GSM/PCS 1900 band used)
	
	

	>>GSM message
	
	
	
	
	

	>>>Single GSM message
	MP
	
	Bit string (no explicit size constraint)
	Formatted and coded according to GSM specifications The first/leftmost/most significant bit of the bit string contains bit 8 of the first octet of the GSM message.
	

	>>>GSM message List
	MP
	1.to.<maxInterSysMessages>
	Bit string (1..512)
	Formatted and coded according to GSM specifications. The first/leftmost/most significant bit of the bit string contains  bit 8 of the first octet of the GSM message.
	

	>GERAN Iu
	
	
	
	
	REL-5

	>>Frequency band
	MP
	
	Enumerated (GSM/DCS 1800 band used), GSM/PCS 1900 band used)
	
	REL-5

	>>GERAN Iu message
	
	
	
	
	REL-5

	>>>Single GERAN Iu message
	MP
	
	Bit string (no explicit size constraint)
	Formatted and coded according to [53]. The first/leftmost/most significant bit of the bit string contains bit 8 of the first octet of the message.
	REL-5

	>>>GERAN Iu message List
	MP
	1 to <maxInterSysMessages>
	Bit string (1..32768)
	Formatted and coded according to [53]. The first/leftmost/most significant bit of the bit string contains bit 8 of the first octet of the message.
	REL-5

	>cdma2000
	
	
	
	
	

	>>cdma2000MessageList
	MP
	1.to.<maxInterSysMessages>
	
	
	

	>>>MSG_TYPE(s)
	MP
	
	Bit string (8)
	Formatted and coded according to cdma2000 specifications. The MSG_TYPE bits are numbered b0 to b7. The first/leftmost/most significant bit of the bit string contains bit 7 of the MSG_TYPE.
	

	>>>cdma2000Messagepayload(s)
	MP
	
	Bit string (1..512)
	Formatted and coded according to cdma2000 specifications. The first/leftmost/most significant bit of the bit string contains the bit 7 of the first octet of the cdma2000 message.
	


10.3.8.7
Inter-RAT UE radio access capability (from RRC CONNECTION COMPLETE and UE CAPABILITY INFORMATION messages - and INTER-RAT HANDOVER INFO WITH INTER RAT CAPABILITIES and SRNS RELOCATION INFO messages)

This Information Element contains the inter-RAT UE radio access capability that is structured and coded according to the specification used for the corresponding system type.
	Information Element/Group name
	Need
	Multi
	Type and reference
	Semantics description
	Version

	CHOICE system
	MP
	
	
	
	

	>GSM
	
	
	
	
	

	>>Mobile Station Classmark 2
	MP
	
	Octet string (5)
	This IE is formatted as 'TLV' and is coded in the same way as the Mobile Station Classmark 2 information element in [5]. The first octet is the Mobile station classmark 2 IEI and its value shall be set to 33H. The second octet is the Length of mobile station classmark 2 and its value shall be set to 3.

The octet 3 contains the first octet of the value part of the Mobile Station Classmark 2 information element, the octet 4 contains the second octet of the value part of the Mobile Station Classmark 2 information element and so on. For each of these octets, the first/ leftmost/ most significant bit of the octet contains b8 of the corresponding octet of the Mobile Station Classmark 2.
In this version of the protocol the first two octets of the Mobile Station Classmark 2 IE containing the Mobile station classmark 2 IEI and the Length of mobile station classmark 2 contents should be ignored by the receiver.
	

	>>Mobile Station Classmark 3
	MP
	
	Octet string (1..32)
	 This IE is formatted as 'V' and is coded in the same way as the value part in the Mobile station classmark 3 information element in [5].

The first octet contains octet 1 of the value part of Mobile station classmark 3, the second octet contains octet 2 of the value part of Mobile station classmark 3 and so on.
See NOTE 1.
	

	>>MS Radio Access Capability
	MP
	
	Bit string (1..x)
	Formatted and coded according to [3G TS44.018] 
	REL-6

	>GERAN Iu
	
	
	
	
	REL-5

	>>MS GERAN Iu mode Radio Access Capability
	MP
	
	Bit string (1..170)
	Formatted and coded according to [53]. The first/leftmost/most significant bit of the bit string contains bit 8 of the first octet of the IE.
	REL-5

	>cdma2000
	
	
	
	
	

	>>cdma2000Message
	MP
	1.to.<maxInterSysMessages>
	
	
	

	>>>MSG_TYPE(s)
	MP
	
	Bit string (8)
	Formatted and coded according to cdma2000 specifications. The first/leftmost/most significant bit of the bit string contains bit 7 of the MSG_TYPE.
	

	>>>cdma2000Messagepayload(s)
	MP
	
	Bit string (1..512)
	Formatted and coded according to cdma2000 specifications. The first/leftmost/most significant bit of the bit string contains bit 7 of the first octet of the cdma2000 message.
	


NOTE 1:
The value part is specified by means of CSN.1, which encoding results in a bit string, to which final padding may be appended upto the next octet boundary [5]. The first/ leftmost bit of the CSN.1 bit string is placed in the first/ leftmost/ most significant bit of the first octet. This continues until the last bit of the CSN.1 bit string, which is placed in the last/ rightmost/ least significant bit of the last octet.

10.3.8.8a
Inter-RAT UE security capability (from SECURITY MODE COMMAND message)

	Information Element/Group name
	Need
	Multi
	Type and reference
	Semantics description

	CHOICE system
	MP
	
	
	

	>GSM
	
	
	
	

	>>GSM security capability
	MP
	
	
	The value TRUE means that the indicated ciphering algorithm is supported.

	>>>A5/7 supported
	MP
	
	Boolean
	

	>>>A5/6 supported
	MP
	
	Boolean
	

	>>>A5/5 supported
	MP
	
	Boolean
	

	>>>A5/4 supported
	MP
	
	Boolean
	

	>>>A5/3 supported
	MP
	
	Boolean
	

	>>>A5/2 supported
	MP
	
	Boolean
	

	>>>A5/1 supported
	MP
	
	Boolean
	

	>>>GEA0 supported
	MP
	
	Boolean
	

	>>>GEA1 supported
	MP
	
	Boolean
	

	>>>GEA2 supported
	MP
	
	Boolean
	

	
	
	
	
	


10.3.3.42c
UE security information2 (to be added to INTER-RAT HANDOVER INFO and INTER RAT HANDOVER INFO WITH INTER-RAT CAPABILITIES messages)

Upon receiving a UE information request from another system, the UE shall indicate the requested security information. The UE security information includes the following RRC information.

	Information Element/Group name
	Need
	Multi
	Type and reference
	Semantics description

	UE information elements
	
	
	
	

	START-PS
	MP
	
	START 10.3.3.38
	START values to be used in this CN domain.


4.
Conclusion and proposed way forward

It can be seen that there is some discussion needed between RAN2 and GERAN2 in order to finalise this feature for Release 6. Therefore we probably need some offline co-ordination between now and February.

Vodafone also propose that:

1) The highlighted functional issues in section 2 are clarified with GERAN. 

2) The tabular changes in section 3 are agreed in principle.
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