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Intra-BSC Handover for eGb

1. Introduction

This paper focuses on the PS Handover issues explicitly concentrating on the intra-BSC Handover case.  A great deal of attention has been paid to the Inter-SGSN case within the feasibility study (see [1] and [4]) as it encompasses the more complex scenarios.  However, the majority of PS Handover events are likely to be intra-BSC.  It is therefore worth a more detailed evaluation of the different cases involved in intra-BSC handover and the possibilities for optimisation of these cases in terms of reduced service interruption time, a reduction in CN signalling load and simplification of the procedures.  

The paper deals with packet based conversational services and concentrates mostly on the control plane issues.  It is believed that streaming services can be supported without handover procedures.  Where different variants of a given procedure are identified, they are compared with each other but are not currently evaluated against all the quantitative requirements (such as service interruption time), as these requirements have not been fully agreed.  

As a result of this work, it is noted that an extension of the proposed improvements could be applied to the Inter-BSC/Intra-SGSN handover case and thus further work is recommended in this area.  

2. General Considerations

The concepts currently available for the eGb Intra-BSC handover have been based on the same call flows and concepts applied to the Inter-SGSN case.  By making use of the fact that the serving BSC is the same for the source and target cell, it is possible to simplify and improve the procedures for the Intra-BSC handover case.  

Three cases are considered in this paper:  

· Cell change within the same RA and within the same NSE
(the simplest possible HO case)
· Cell change within the same RA but between different NSEs
(as an additional complication the NSVC link will change during handover)

· Cell change between different RA and different NSEs
(as an additional complication a RAU is required)
The following general assumptions are made throughout the document:

· The discussion concentrates on the handover mechanism for a single bearer.  A generalisation to several bearers is possible but is not addressed in detail.  

· The main goal of the handover procedure is to minimise the service interruption time (as required for conversational services)

· To minimise service interruption time backward handover is applied (i.e. network resources are allocated before the MS is ordered to the new cell)

· Optimisations should be used to reduce the handover load for the Core Network and to further reduce service interruption time compared to the Inter-SGSN handover procedure

3. Intra-BSC Handover: Same RA, Same NSE

3.1. Assumptions

Assumptions relevant to this case are listed below:

· As the RA stays the same, no RAU is required; TLLI and P-TMSI stay the same, as well as the configurations of protocol layers in the CN ‘above’ BSSGP (e.g. LLC, SNDCP, GTP);

· As the NSE stays the same, it is assumed that all PFC and QoS profiles negotiated for the source cell can also be supported in the target cell;
(note: in case this assumption doesn’t hold, re-negotiation of QoS profiles and correlated flow control handling has to be analysed in more detail)

· As the NSE stays the same, there is also no reason to change the NSVC, i.e. no problems are to be expected for the NS layer.

3.2. Call Flow

The call flow is presented in Figure 1 with each of the numbered steps explained in more detail in Table 1.  The major network entities involved (MS, BSS and SGSN) are shown in the call flow along with the relevant sub-entities of the BSS: the target cell (t-cell), source cell (s-cell) and the control plane (c-plane) entity.  
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Figure 1
Optimised Intra-BSC Handover for the same NSE and same RA

	Step
	Description

	1
	The MS has active data transmission in UL and DL direction via the source-cell (s-cell) of the BSS

	2
	Evaluation of (Packet) Measurement reports (and eventually other criteria as e.g. resource check for target cell) leads to the decision to handover the MS to a new target cell, served by the same NSE (inside the same RA)

	3
	BSS performs resource reservation for t-cell for the bearer which is to be handed over (e.g. TBF) and prepares DL BVCI forwarding (i.e. prepares to sent DL PDU’s received via s-BVCI to t-BVCI/t-cell.

	4
	BSS includes the required radio resource parameters and sends the HO command to the MS.

	5
	The MS accesses the target cell. 

	6
	After detection of MS in the t-cell, BSS activates ‘BVCI re-routing’, i.e. sends DL BSSGP PDUs received via s-BVCI to t-cell (with corresponding t-BVCI); DL transmission via t-cell is started; 
(note: it is an open point as to whether DL-transmission in t-cell can be started earlier; but this may make sense only if RLC runs in unacknowledged mode) 

	7
	MS continues UL data transfer via t-cell, which is relayed by BSC to the SGSN using t-BVCI.

	8
	With the receipt of the first UL PDU via t-BVCI, SGSN performs Cell Update; 
(note: for normal cell changes the suggestion is for the SGSN to interrupt the transmission of DL LLC PDUs until Flush Ack message is received from BSC ([6]); this must not be done for a bearer carrying a conversational service, because it would increase the service interruption time;)

	9
	SGSN switches DL traffic from s-BVCI to t-BVCI.  

	10
	MS sends HO Complete.  All resources related to the source-cell/BVCI are released by the BSC.  


Table 1

Call Flow Steps for Intra-BSC Handover: Same RA, Same NSE

3.3. Summary

The main optimisations in this model over the approach outlined in [4] are summarised below:

· No messages are exchanged between BSS and SGSN in this approach except for the Cell update which is achieved implicitly by sending UL data.  In the approach defined in [4], 7 messages are exchanged between the SGSN and the BSC. 

· Forwarding of data between s-BVCI and t-BVCI is used in the BSS. 

· The SGSN procedure on cell update should be modified to allow the continuation of DL data transmission for conversational bearers without having to wait for the Flush Ack message.  

4. Intra-BSC Handover: Same RA, Different NSE

In this case (Intra-BSC Handover: Same RA, Different NSE) two different variants have been identified.  The first involves data-duplication carried out by the SGSN at the BSSGP layer.  The second approach examines data-duplication carried out by the BSS.  

4.1. Assumptions

Assumptions relevant to this case are listed below:

· As the RA is supposed to stay the same, no RAU is required.  TLLI and P-TMSI may stay unchanged, as well as the configurations of protocol layers in CN ‘above’ BSSGP (i.e. LLC, SNDCP, GTP);

· According to 48.016 one BVCI can belong to only one NSE.  The assumed cell change enforces a change of UL and DL NSVC used for the MS (unless the Gb-addressing mechanism is changed considerably!);

· During the HO preparation phase, bandwidth reservation has to occur for the target-NSE: for the UL-direction in the BSS, for the DL-direction in the SGSN; this requires considerable involvement of the SGSN during the HO preparation phase.

· BSS supports the QoS profiles required for the service to be handed over in both s-NSE and t-NSE

· A PFC/PFI is valid inside the whole BSS; i.e. no change of PFI is required during change of NSE

4.2. Call Flow for Approach 1: SGSN/BSSGP Data-Duplication

The call flow for the Intra-BSC handover (same RA, different NSE) where data duplication is carried out by the SGSN is presented in Figure 2 with each of the numbered steps explained in more detail in Table 2.  
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Figure 2
Optimised Intra-BSC HO for different NSE, same RA (SGSN/BSSGP Duplication)
	Step
	Description

	1
	The MS has active data transmission in UL and DL direction via s-NSE (source NSE) of the BSS

	2
	Evaluation of (Packet) Measurement reports leads to the decision to handover the MS to a new target cell, served by t-NSE (same RA)

	3
	BSS prepares the HO to t-NSE, e.g. 

· transfers required data to t-NSE (BSS Context, etc.)

· performs reservation of radio resources in target-cell 

· reservation of bandwidth for UL-NSVC (for RT-bearer)



	4
	BSS sends HO Required to SGSN, containing all parameter required for SGSN (e.g. t-NSE, t-BVCI); 

	5
	SGSN prepares HO by reservation of DL resources for t-NSE (bandwidth for DL NSVC in t-NSE) and setting up of duplication of LLC PDU’s in DL direction for the PFC carrying the conversational service. 
As it is assumed that no reconfiguration of ciphering and compression is required, it is proposed to perform the data duplication on the BSSGP level (i.e. BSSGP sends the same DL LLC PDU to s-BVCI and to t-BVCI); 

	6
	Data transfer path for flows subject to HO; t-NSE handles the received LLC packages according to their assigned lifetime;

	7
	SGSN answers with HO Command;
(note: there are no containers from GMM, LL, SNDCP or some ‘t-BSS’  included !)

	8
	BSS includes required radio resource parameter and sends HO Command to MS

	9
	MS accesses the target cell and is detected by BSS; immediately after the MS access, DL transmission may start;
note: there is the question with which DL LLC-PDU the t-NSE should begin; there are three possibilities foreseen:

· (a) t-NSE transfers all DL LLC-PDU still in the t-NSE buffer; there is the possibility that a DL LLC-PDU is sent which was already transferred in s-NSE, due to time gap between the activation of the data duplication and the actual switching of the MS to the target cell.  In this case one has to rely on SNDCP to discard duplicated packets; however, the number of such packages should be very low (time gap is small; lifetime for LLC packages for conversational services is small)

· (b) s-NSE checks the sequence number of the first unsent DL LLC-PDU and transmits this information to t-NSE; t-NSE is then able to start always with the first unsent LLC PDU by comparing the sequence numbers; 
as sequence numbers one may use the N-PDU number in LLC header (drawback: this would break the separation between LLC protocol and BSC tasks), or one could introduce an additional numbering for duplicated packages on BSSGP layer (drawback: adaptation of and effort for BSSGP)

· (c) Duplication by SGSN is avoided; with receipt of first UL PDU from t-BVCI the SGSN switches DL transmission from s-BVCI to t-BVCI; this simplifies the handling but increases the services interruption time;

It is felt that solution (a) should be sufficient for conversational services with their short and short-lived LLC PDUs. 

	10
	MS UL transfer is continued via t-NSE; 

	11
	With the first received UL LLC PDU the SGSN ‘executes’ HO, i.e. performs Cell Update, terminates DL data duplication and releases all resources related to s-NSE.

	12
	DL data transfer runs via t-NSE alone, 

	13
	MS sends HO Complete.  All resources related to s-NSE are released by BSC.  


Table 2

Call Flow Steps for Intra-BSC Handover: Same RA, Different NSE (SGSN/BSSGP Duplication)

4.3. Call Flow for Approach 2: BSS Data-Duplication

The call flow Intra-BSC handover (same RA, different NSE) where data duplication is carried out by the BSS is presented in Figure 3 with each of the numbered steps explained in more detail in Table 3.  
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Figure 3
Optimised Intra-BSC HO for different NSE, same RA (BSS Duplication)
	Step
	Description

	1
	The MS has active data transmission via s-NSE of the BSS

	2
	Evaluation of (Packet) Measurement reports leads to the decision to handover the MS to a new target cell, served by t-NSE (same RA)

	3
	BSS prepares the HO to t-NSE, e.g. 

· transfers required data to t-NSE (BSS Context, etc.)

· performs reservation of radio resources in target-cell 

· reservation of bandwidth for UL-NSVC (for RT-bearer) 

	4
	BSS sends HO Required to SGSN, containing all parameter required for SGSN (e.g. t-NSE, t-BVCI)

	5
	SGSN prepares HO by reservation of DL resources for t-NSE (e.g. reservation of bandwidth for DL NSVC in t-NSE); 

(note: no involvement of higher protocol layers (i.e. ‘above’ BSSGP) is seen at this point) 

	6
	SGSN answers with HO Command;
(note: no containers from GMM, LL, SNDCP or some ‘t-BSS’ include !)

	7
	BSS sets up DL data duplication from s-NSE to t-NSE; t-NSE handles the received LLC packages according to their assigned lifetime.   

	8
	BSS includes required radio resource parameter and sends HO Command to MS.  

	9
	MS accesses the target cell and is detected by BSS.  Immediately afterwards DL transmission may start (with first DL LLC PDU unsent by s-NSE)

	10
	MS UL data transfer runs via t-NSE;

	11
	With first received UL LLC PDU with t-BVCI, the SGSN ‘executes’ HO, i.e. performs Cell Update and releases all resources related to s-NSE; DL transmission is switched from s-BVCI to t-BVCI

	12
	DL data transfer runs via t-NSE. 

	13
	MS sends HO Complete; duplication from s-NSE to t-NSE is terminated, resources related to s-NSE are released 


Table 3

Call Flow Steps for Intra-BSC Handover: Same RA, Different NSE (BSS Duplication)

4.4. Summary

When there is a different NSE involved in the handover, the SGSN must become more involved in the Handover process as the NSVC will change.  Thus the BSS and SGSN have to reserve resources on the new NSVC in advance of the switchover.  As far as message flows between the BSS and SGSN are concerned, a reduction compared with the mechanisms proposed in [4] is achieved.  In fact only 2 messages are required in this case (HO Required and HO Command).  

In both cases the cell update is used as a trigger to release resources in the s-NSE.  In the SGSN duplication variant it is also used to terminate the data duplication.  

The two data duplication approaches (in the BSS or in the SGSN) are compared at a high level in 

Table 4.  

	Criterion
	SGSN duplication
	BSS duplication

	Effort in SGSN (Intra-BSC HO)
	( (
	( (

	Effort in BSC
	( (
	( (

	Avoid Um-double transmission of DL LLC-PDU
	(
	(

	Applicability for Intra-SGSN/ Inter-BSC HO
	( (
	( (

	Performance/ Bandwidth Considerations
	to be discussed
	to be discussed


Table 4

Comparison between SGSN- and BSS-data duplication
Legend: 
Advantage ( (;  
Disadvantage ( (
At the moment no clear preference for one of the solutions can be given.  An uncertainty with respect to the SGSN-duplication mechanism is the question as to whether the eventual double-transmission of a DL LLC PDU is acceptable or not.  

The biggest drawback of the BSS duplication approach seems to be the fact that a re use of the concept for the Intra-SGSN/Inter-BSC HO case would require the introduction of a Gbr interface, exacting considerable efforts for standardisation and manufacturers.  In contrast, a re-use of SGSN/BSSGP duplication for the Intra-SGSN/Inter-BSC scenario seems to be straightforward.  Performance and bandwidth requirements for both solutions need more investigations.  

5. Intra-BSC Handover: Different RA, Different NSE

5.1. Overview and assumptions

This section considers the case of a cell change, where source and target cell belong to different NSE and also to a different RA.  The additional complication compared with the previous intra-BSC Handover cases is that the co-ordination between handover and RAU has to be taken into account.  Problems arise because:

· According to the current status of the recommendations, upon cell change with change of RA, the data transfer has to be stopped until the RAU procedure is finished.  This is in contradiction to the requirement to minimise the service interruption time during handover. 

· The P-TMSI (and the derived TLLI) is required to be unique only within one RA.  Therefore, to be sure that different subscribers really use different P-TMSI/TLLI, a re-assignment of P-TMSI/TLLI is required.  

In order to find an optimised handover procedure taking these difficulties into account, the following goals are provided:

· The handover should be introduced with the minimum impact on the existing RAU procedures; 
This is required in order to reduce standardisation effort and to preserve the effort already invested in the implementation of RAU

· Introduce handover with minimal impact especially on LLC and SNDCP layers.
As for the cases discussed above, there is no immediate need to re-start ciphering or compression due to handover.  

5.2. Call Flow

The call flow for the Intra-BSC handover (different RA, different NSE) where data duplication is carried out by the SGSN is presented in Figure 4 with each of the numbered steps explained in more detail in Table 5.  

There is the question as to which TLLI the MS should use when accessing the target-cell.  To be generic, this TLLI is abbreviated below as ‘HO-TLLI’; the following possibilities are seen for a HO-TLLI.  

(a) During the HO preparation, the SGSN/GMM allocates a new P-TMSI/TLLI, valid for the target-RA; the new P-TMSI/TLLI is transported via the HO Command message to the MS and subsequently used for the access in the target-cell. 

(b) A HO-TLLI may be constructed from the old-TLLI using a specific reserved bit combination at the beginning of the TLLI (in analogy to the random or foreign-TLLI definition), thereby avoiding the possibility of usage of the same TLLI by different mobiles.  This approach would further minimise impacts on the existing RAU procedure, but on the other hand requires the additional definition of the reserved HO-TLLI bit combination.  

No preference for (a) or (b) is given here.  This is left as an open issue.  
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Figure 4
Optimised Intra-BSC HO for different NSE, different RA (SGSN/BSSGP duplication; delayed RAU approach)
Activities in the call flow shown in Figure 4 are identical to the ones described in chapter 4, with the exception of the activities related to the change of RA.  Therefore only these additional aspects are listed below:
	Step
	Description

	1
	(no additions)

	2
	(no additions)

	3
	(no additions)

	4
	(no additions)

	5
	The SGSN sets ‘Delayed RAU mode’ for the impacted subscriber.  Eventually (depending on the solution chosen for HO-TLLI) a new P-TMSI/TLLI valid for target-RA area is allocated.  

	6
	(no additions)

	7
	SGSN includes the required parameters (e.g.new P-TMSI/ TLLI, if assigned) in HO Command message.  (note: a new P-TMSI/ TLLI (if assigned) has to be included by BSC in the HO Command to the MS)

	8
	(no additions)

	9
	MS accesses the target cell using ‘HO-TLLI’.  Although the RAU is still outstanding, data transmission may be continued immediately.  

	10
	MS UL transfer runs via t-NSE

	11
	SGSN allows data transmission via t-BVCI (with ‘HO-TLLI’) although the RAU is outstanding.  

	12
	(no additions)

	13
	(no additions)

	14
	Receipt of HO Complete indicates the completed HO to SGSN.  The SGSN now expects RAU trigger from MS (SGSN may start a supervision timer).   

	15
	RAU procedure is performed.  


Table 5

Call Flow Steps for Intra-BSC Handover: Different RA, Different NSE (SGSN Duplication)

5.3. Summary

The proposal is based on the approach of using SGSN/BSSGP data duplication. (note: application of the BSS data duplication would also be possible).  The RA change is taken into account by the following activities:

· During the handover preparation phase, the BSC and SGSN switch for the subscriber to a new mode (called ‘Delayed-RAU mode’).  This is used to trigger handover specific handling at several points in the call flow. 

· A MS in ‘Delayed-RAU’ mode will be allowed to continue the data-transfer in the new cell, although a RAU is still outstanding

· A ‘HO-TLLI’ is used for access in the target cell.  

· Once in the target-cell, the MS continues data transmission without re-starting Ciphering or Compression (possible because the SGSN is unchanged).  This considerably reduces the complexity of the handover procedure and shortens the service interruption time. 

· RAU is performed directly after the handover procedure is finished (therefore the term ‘Delayed RAU’).  This leads to highly de-coupled HO and RAU procedures, i.e. to minimise the impacts of HO on the existing RAU descriptions and implementations.  

This procedure only involves three messages exchanged between the BSS and SGSN (HO Required, HO Command and HO Complete).  

6. Open Points

· Flow Control Handling:
Flow Control handling for the target cell needs further investigations.  The different possibilities have to be analysed carefully, especially in the case where several PFCs exist for the subscriber with different QoS requirements.  

· SGSN/BSSGP Duplication or BSS Duplication:
It has to be discussed which one of the different approaches should be chosen
· TLLI to be used upon access in target-cell:
It has to be discussed which approach for a ‘HO-TLLI’ should be chosen.  

· Service Interruption Time:
Absolute values for the Service Interruption Time reachable with the approaches may be further investigated.  
7. Conclusions

This paper has investigated the different scenarios that may occur for an Intra-BSC PS Handover.  Each of these scenarios has been considered with respect to optimising the Handover procedure in terms or reducing the volume of signalling messages between BSS and SGSN and the work required by the SGSN whilst trying to reduce the service interruption time.  

The most important results of the investigations above are summarised with the following statements:

· In case the handover occurs between two cells belonging to the same NSE and to the same RA, it seems that handover can be handled BSC-internally in a comparatively simple way.  

· For scenarios where source- and target-cell belong to different NSEs or different RA, the SGSN has to be involved. 

· With the proposed optimisations, it is thought that the impacts on LLC and SNDCP can be strongly reduced for the investigated scenarios.  This means no re-configuration of LLC or SNDCP-layer and no related message exchange is necessary.  The performance requirements in the SGSN are reduced as when data duplication is required, DL LLC PDU are prepared only once by SGSN.  

· The introduction of a ‘Delayed RAU mode’ is proposed, for mobiles changing RA during handover.  

· It is proposed to perform RAU after completion of the handover with the introduction of the ‘Delayed RAU mode’.  The mobile will be allowed to start data transmission in the target-cell even if the RA has changed and the RAU is still outstanding.  This concept considerably reduces the impacts on the available RAU procedures, effort for standardisation and manufacturers are reduced. 

(Note: it is thought that the ‘Delayed RAU’ concept is applicable also for Inter-SGSN HO scenarios) 
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