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PS Handover Definitions and Procedures

1. Background

At the GERAN#16bis meeting and at the presentation of the PS Handover documents for the Conversational Technical report, a request was made for the definition of lossy and less lossy handover principles and also the principles that determine when to use Bi-casting and Data Forwarding.

In UMTS the terms Seamless, Lossless, Bi-casting, and Duplication are also used. 

Some of these concepts are already defined in the UTRAN specifications and should therefore if possible be aligned in the procedures specified for handover cases in A/Gb mode.

This paper proposes some definitions to be used in the technical report but presents also some alternative procedures to obtain a less lossy handover.
2.
General Definitions

2.1
Bi-casting

In the recent version of the Conversational Technical Report ‘Bi-casting’ is the term used when the old SGSN in the PS Handover procedure sends the downlink data towards both the source and the target cell in parallel. The old SGSN applies the bi-casting mechanism when the source and target cell are located in the same BSS or in different BSS’s under the old SGSN and when the target cell is under a different SGSN than the source cell.

In a UMTS technical report for Rel-4 (3GPP TR 25.936) bi-casting is defined as: 

Bi-casting: The capability of a node to receive original data, and send this data in its original form over two different paths.

This definition is only valid for the case when the GGSN sends the received IP-packets as GTP packets towards two SGSNs as it requires that received original data shall be sent in its original form over two different paths. 

The definition could be modified to also cover the A/Gb case with a PS Handover kept within the same SGSN where data is sent in parallel to two cells belonging to the same or different BSS. The modified definition could then be e.g.:

Bi-casting: The capability of a node to receive original data, and send this data in its original another form over two different equal paths.

For the PS Handover in A/Gb mode there are now three alternatives:

1. Keep the UMTS definition and remove all references to bi-casting in the TR and use other definitions or

2. Slightly modify the definition according to the above proposal so it can be used also for the Intra SGSN case when sending data in parallel to two BSS.

3. Further modify the definition so it can be used also for the Inter SGSN and Inter RAT cases to e.g. 
Bi-casting: The capability of a node to receive original data, and send this data in its original the same or different form in its original form over twodifferent paths in parallel.
If choosing the first alternative, the term bi-casting can not be used in A/Gb mode at all as it has so far been agreed that the data duplication shall be done in the SGSN.

If choosing the second alternative two different definitions have to be used for lossy handover depending on if the addressed cells are controlled from the same or different SGSNs. If handover involves the same SGSN, the term bi-casting can be used. If handover involves different SGSNs, the term Duplication as currently defined (see below) must be used. As that definition only seems to be used within the Rel-4 TR 25.936 and the term ‘duplication’ is used with a different meaning in the 23.060 this alternative should be avoided. 

The third alternative will result in two different definitions for bi-casting- one for UMTS and one for GSM. But as UMTS only has used bi-casting in a TR analyzing two different solutions of which the bi-casting one was not agreed, there seems not to be any big problem to introduce a new GSM specific definition if so decided. At least if it is defined locally within e.g. TS 23.060. It is therefore proposed to use this third alternative definition in the Conversational TR.

Assuming this third alternative is selected and a modified definition of bi-casting is adopted for GSM, the following bi-casting related clarifications should be noted:

1.
As the location of the bi-casting point in the network is depending on the range of the handover, there are three types of bi-casting for A/Gb mode

· Intra BSS bi-casting

· Intra SGSN bi-casting and 

· Inter SGSN/Inter RAT bi-casting.

2. Intra BSS bi-casting can either be handled as the Intra SGSN bi-casting performed by the SGSN or in an optimized solution in case of intra RA cell change it can be handled within the BSS. Only the first approach (i.e. the non-optimized solution) is further discussed here and involves one LLC machine and the bi-casting of LLC PDUs.

3. Intra SGSN bi-casting is handled by a bi-casting function below LLC utilizing one LLC machine. This is regardless of if the source and target cell are located within the same or different BSSs or same or different Routing Area.
4. Inter SGSN/Inter RAT bi-casting is handled in the old SGSN by a bi-casting function which receives packets via a GTP tunnel from the GGSN. One of the parallel flows is sent towards the BSS under the old SGSN and the other flow is sent via an established GTP tunnel towards the new SGSN (in the Inter RAT case the endpoint of the GTP tunnel is the RNC). The first flow involves the transmission of packet data by a first LLC machine from the old SGSN to the mobile station via the source BSS. The second flow involves the old SGSN relaying N-PDUs to the new SGSN (new RNC).
2.2
Duplication

In case the SGSN has to duplicate the information received from GGSN and send it in parallel over two different types of interfaces, the term ‘Duplication’ has been used in UTRAN and defined in TR 25.936 as: 

Duplication: The capability of a node to receive original data, and send this data over one path in its original form, as well as duplicating it and sending it in a different form over a different path. The duplicated data is in a different form than the original data received.

This will be the case when e.g. the old SGSN sends data both to the new SGSN and to a source BSS in parallel.

However in TS 23.060 the terms ‘duplicate’ and ‘duplication’ have been used in many places without following this definition. E.g. in the Inter SGSN RA Update procedure is specified: The old SGSN duplicates the buffered N‑PDUs and starts tunnelling them to the new SGSN.
So it is here difficult to align to the UMTS terminology and it is therefore proposed to stick to the implicit definition used in TS 23.060 as the example above is showing.

2.3
Data Forwarding

‘Data Forwarding’ or ‘Forwarding of data’ has been used in the Conversational TR as an alternative handover principle used instead of bi-casting when a less lossy service is required. This use of the term ‘Data Forwarding is not in line with the current use in TS 23.060. TS 23.060 use this term to describe when a network node forwards data received from one node to the next node in a route. E.g. in the inter SGSN RA Update procedure the old SGSN forwards data packets received from GGSN to the new SGSN. 
For the Conversational TR it is therefore proposed to replace the term ‘Data Forwarding’ when used to describe a handover scenario that does not make use of bi-casting with the term ‘Handover without bi-casting’ (see basic principles below).

3.Handover definitions

In the following text the bi-casting definition proposed in chapter 2.1 used.

3.1
Handover with bi-casting

Handover with bi-casting is mainly used for pure conversational services that require short transfer delay and that accept a certain data loss. Typically the service utilizes unacknowledged protocols at lower layers (i.e. SNDCP and layers below) to deliver its associated packet data.

In case of handover with bi-casting the following main principles are proposed: 


Intra SGSN case:

· The bi-casting of LLC-PDUs is performed in the old SGSN. The bi-casting function is located below the LLC layer. The same LLC PDUs will be bi-casted to both cells.


Inter SGSN case:

· The bi-casting of N-PDUs is performed in the old SGSN. The bi-casting function is located above the SNDCP layer. In the new SGSN the N-PDUs will be sent to the MS after re-initialization of the SNDCP and LLC entities (Intra RAT case). 

The basic principles for a handover procedure based on bi-casting as specified in the recent version (v0.9.0) of the Conversational Technical Report will in short include the following specific functionality that differs from the functionality used in the handover without bi-casting (Inter SGSN case):

1) At any time during the handover preparation phase when the target BSS has accepted the PS Handover, the old SGSN starts bi-casting of downlink packet data towards both the source BSS and the new SGSN in parallel.

2) The new SGSN sends the downlink packet data to the target BSS which may start blind transmission over the reserved radio resources in the target cell.

3) When the PS Handover Command message is sent to the MS, the source BSS continues to send downlink data towards the mobile station until either there is no more data to send or the PFCs are released. So in this bi-casting case the sending of the PS Handover Command message to the MS is not delayed in the BSS until the downlink buffers are emptied.

4) When the PS Handover Complete message, initially sent from the MS in the target cell, is received by the old SGSN, the bi-casting is stopped and the PFCs towards the source BSS are released. 
5) Source BSS releases the radio resources. 
3.2  Handover without bi-casting

Handover without bi-casting is used for flows where the packet loss has to be minimized and the transfer delay is less critical. This is achieved by using some specific procedures within the handover involving both the SGSN and the BSS. This will, in most handover cases, result in a lossless transfer of the data when the MS changes cell.
The basic principles for a HO without bi-casting compared to the HO procedure based on bi-casting will include the functionality described in the following clauses. 

3.2.1
Intra SGSN and Intra/Inter BSS cases

NOTE 1: This chapter is not covering the procedures proposed for   the optimized Intra BSS/Intra RA handover.

NOTE 2:In this chapter only the case with exchange of N-PDU numbers between the new SGSN and the mobile station is described. It might be possible to have a simpler ‘good enough’ solution without exchange of N-PDUs by letting the SGSN stop the downlink flow to the old cell, let the old cell empty the downlink buffers before sending the PS Handover Command to the MS. Both scenarios are further outlined for the inter SGSN HO case in chapter 3.2.2.1 and 3.2.2.2 below.

1) Any time during the handover preparation phase(implementation dependent), the SGSN starts buffering of downlink N-PDUs received from the GGSN. For each PFC and for each N-PDU sent to the BSS, the SGSN will also store the SNDCP Send N‑PDU Number associated with each N-PDU it sends to the BSS.

2) When the target BSS has accepted the handover and sent the PS Handover Request Acknowledge to the SGSN, the SGSN stops the DL data transfer and sends the PS Handover Command to the source BSS. Uplink N-PDUs from the MS are accepted by the SGSN and forwarded to the GGSN. 
3) Before sending the PS Handover Command message to the mobile station, the source BSS tries to empty the downlink data buffers for the PFCs subject to handover.
4) When the MS receives the PS Handover Command message it will stop sending uplink data and starts accessing the new cell.
5) When the MS has synchronized to the new cell, the MS responds with a PS Handover Complete message to the SGSN.

6) When the SGSN receives the PS Handover Complete message it can start an XID negotiation with the MS to exchange number of the last correctly received uplink/downlink N-PDU. The SGSN can then restart sending downlink data by first emptying the downlink data buffer starting with the next in sequence N-PDU expected by the MS. 
NOTE 1: The exchange of receive N-PDU number between the network and the MS will reduce the risk for duplication of N-PDUs sent in both directions and will give a symmetric handling of the uplink and downlink.
7) The MS will restart sending uplink N-PDUs starting with the next in-sequence N-PDU expected by the SGSNk.

SNDCP and LLC will be operating without re-initialisation when the MS moves from source to target cell.

3.2.2
Inter SGSN/Inter RAT case

Below are two possible principles for an inter SGSN/Inter RAT Handover without bi-casting presented. The first alternative uses exchange of last received N-PDU number between the MS and the new SGSN and sending of send and receive GTP numbers between the source and the new SGSN. 

The second alternative uses the principle that the source side only tries to forward data to the target side that has not been sent to the MS on the source side. N-PDU numbers are not exchanged.

:

3.2.2.1
Inter SGSN/Inter RAT with exchange of N-PDU numbers 
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Figure 1: Handover without bi-casting Inter SGSN case - exchange of N-PDU

1) Any time during the handover preparation phase (implementation dependent), the old SGSN starts buffering of downlink N-PDUs received from the GGSN. For each PFC and for each N-PDU sent to the BSS, the SGSN will also store the SNDCP Send N‑PDU Number and the GTP sequence number associated with each N-PDU it sends to the BSS. 
2) When the target BSS has accepted the handover and the old SGSN receives the Prepare PS Handover Response message from the new SGSN, the old SGSN stops thedownlink data transfer towards the MS and sends a PS Handover Command message to the source BSS. The old SGSN also starts forwarding of the buffered N-PDUs (along with their associated N-PDU and GTP sequence numbers) to the new SGSN beginning with the first buffered N-PDU. The old SGSN also stores the forwarded N-PDUs to ensure lossless operation in the PS HO failure cases.
3) The new SGSN starts buffering the relayed N-PDUs along with their associated N-PDU and GTP sequence numbers. The GTP sequence numbers will be used by the new SGSN to order in sequence the N-PDUs received from old SGSN and the GGSN

4) When the PS Handover Command message is received by the source BSS, it may empty (not required) the downlink buffers before sending the PS Handover Command message to the MS.
NOTE: This may not be required but can be used to ensure that the Handover Command message are sent to the MS between two LLC frames).

5) When the PS Handover Command message is received by the MS, the MS stops sending uplink data and starts accessing the new cell.
6) When the MS has synchronized to the new cell, the MS responds with a PS Handover Complete message to the new SGSN.

7) When the new SGSN receives the PS Handover Complete message, it sends an Update PDP Context message to the GGSN to re-direct the downlink data flow from source to new SGSN. When the new SGSN receives the Update PDP Context Response message from the GGSN, the SGSN can start an XID negotiation with the MS to exchange number of the last correctly received uplink/downlink N-PDU (as viewed by the old SNDCP engine). The new SGSN then restarts sending downlink data by first emptying the downlink data buffer starting with the next in-sequence N-PDU expected by the MS. The MS can now also restart the transfer of uplink data. 
NOTE 1: The exchange of receive N-PDU number between the network and the MS will reduce the risk for duplication of N-PDUs sent in both directions and will give a symmetric handling of the uplink and downlink. 
NOTE 2: The order of messages sent starting from this step 7 onwards does not necessarily reflect the order of events.
NOTE 3: The PS Handover Complete Acknowledge messages may not be required..
8) The MS will restart sending uplink N-PDUs starting with the next in-sequence N-PDU expected by the SGSN. 
SNDCP and LLC will be operating with re-initialisation when the MS moves from source to target cell.

3.2.2.2
Inter SGSN/Inter RAT without exchange of N-PDU numbers 
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Figure 2: Handover without bi-casting Inter SGSN case – No exchange of N-PDU

1) Any time from when the old SGSN receives the PS Handover Required message from the source BSS until the target BSS has accepted the handover and the old SGSN receives the Prepare PS Handover Response message from the new SGSN, the old SGSN may stop the downlink data flow to the source BSS between any two GTP packets and start buffering of GTP packets with its associated GTP sequence number. The old SGSN may now also start forwarding of data received from the GGSN to the new SGSN.
2) The old SGSN sends a PS Handover Command message to the source BSS. 
3) When the PS Handover Command message is received by the source BSS, it shall try to empty the downlink buffers before sending the PS Handover Command message to the MS.
4) When the PS Handover Command message is received by the MS, the MS shall stop sending uplink data and start accessing the new cell.
5) When the MS has synchronized to the new cell, the MS responds with a PS Handover Complete message to the new SGSN.

6) When the new SGSN receives the PS Handover Complete message, it may restart the DL transfer by sending to the MS the forwarded N-PDUs (if any) received from the old SGSN. The new SGSN also sends an Update PDP Context Request message to the GGSN to re-direct the downlink data flow from source to new SGSN. Any downlink data received from the GGSN has now to be buffered in the new SGSN. When the new SGSN receives the Update PDP Context Response message from the GGSN, a PS Handover Complete Acknowledge message is sent to the MS and a Forward PS Handover Complete message to the old SGSN. 
NOTE 1: The order of steps and messages starting from this step 6 onwards does not necessarily reflect the order of events.
7) When the MS receives the PS Handover Complete Acknowledge message from the new SGSN, the MS can restart the uplink flow by either retransmit the last not fully transmitted N-PDU or send the next N-PDU in sequence. It is FFS if the uplink flow can be restarted before the Update PDP Context procedure is performed.
8) The old SGSN then responds with a Forward PS Handover Complete Acknowledge message that indicates total number of GTP packets to be forwarded by the old SGSN (if any) to the new SGSN. The new SGSN then merges the packets from the old SGSN with the packets received from the GGSN in correct sequence order and can then send the N-PDUs in correct order to the mobile station. 

SNDCP and LLC will be operating with re-initialisation when the MS moves from source to target cell.


3.2.2.3
Comparison of the two alternatives 

The two alternatives presented above have the following pros and cons:

	No
	Issue
	Alternative 1 (N-PDU exchange)
	Alternative 2 (No N-PDU exchange)

	1
	Risk for underflow on the radiolink on the source side if downlink data to the BSS is stopped too early.
	No risk
	Cons - Requires intelligence in the old-SGSN 

	2
	Risk that the source BSS can’t empty the DL buffers 
	Not required
	Cons – is needed for lossless op.

	3
	Need to exchange N-PDU numbers between the network and the MS (both directions)
	Needed
	Not needed

	4
	May be easier to handle the inter RAT HO cases if N-SAPI values are not exchanged
	
	Pro

	5
	XID exchange of number of the last received N¨PDU before starting the UL and DL data flows
	 Required
	Not required

	6
	The MS is kept shorter time in the old cell
	Pro 
	


4.
Proposals

It is proposed that the following working assumptions are agreed by the GERAN meeting:

1. Adopt the following definition for bi-casting: 
Bi-casting: The capability of a node to receive data, and send this data in the same or different form over two other paths in parallel.

2. In the Conversational TR replace the term ‘Data Forwarding’ as used today to describe a ‘less lossy’ handover procedure with the term  ‘Handover without bi-casting’. 

3. Agree about one of the two principles for a less lossy Inter SGSN/Inter RAT handover described in 3.2.2.
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