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Improved Flexibility for Enhanced DTM Handover 
1. Introduction

In GERAN2#26 in Chicago, a concept paper on the A-Gb to A-Gb enhanced DTM Handover procedure was presented by Nokia [2.].  
This document endorses the concepts presented in that document and proposes a small extension/optimisation to the concept that will allow greater flexibility and therefore make the feature more future-proof.  
2. Flexibility within the Current Concept
The current concept has been modified from earlier descriptions to provide for the possibility of an equal footing for CS and PS services.  Section 2 of [2.] states the requirement that: 

“CS domain handover may have the same priority as the PS domain handover or one domain CS (or PS) may have priority over the other domain PS (or CS)”. 
The results of taking this principle into account are the procedures defined in section 3.1.1 of [2.].  As the CS Handover and PS Handover procedures are running in parallel there are four different cases relating to whether each of the procedures fails or succeeds.  These rules are summarised in Table 1.  
We assume here that the term “PS Handover Fails” includes the case where no PS resources can be allocated.  Hence the PS Handover is deemed to have succeeded if at least some PS resources were successfully reserved in the target cell.  

	
	CS Handover Succeeds
	CS Handover Fails

	PS Handover Succeeds
	DTM Handover successful

MS continues in DTM in target cell.
	DTM Handover fails

PS Handover may be cancelled or continue (implementation/policy dependent)

	PS Handover Fails
	DTM Handover fails

CS Handover may be cancelled or continue (implementation/policy dependent)
	DTM Handover fails

MS stays on current channel in source cell.  

S-BSS may re-initiate handover for PS domain, CS domain or both.  


Table 1

Source BSS Actions Based on CS and PS Handover Status
As can be seen there is room for a certain amount of local policy (implementation dependent) behaviour in terms of handling the situation where there is a failure to handover one or both domains.  
3. Improvements in Local Policy

In order to provide additional flexibility for the source-BSS in the cases where not all resources can be allocated, there are some further improvements that could be made.  

In particular the following cases should be considered in more detail:

1. CS resources are allocated but only some PS resources are allocated.  This is a subset of the case where both CS and PS Handover are successful.  
2. PS resources have been successfully reserved but CS resources could not be reserved.  
As it is unclear as to the nature of future services that might make use of DTM capability in a Release-7 network or beyond, it is seen as advisable to provide the maximum amount of flexibility in the DTM Handover procedure as possible from the introduction of the feature.  This would allow for future modifications in BSS local policy to adjust DTM Handover behaviour based on the relative importance of the services.  
3.1. CS Resources allocated; Only some PS Resources Allocated

In case 1 the currently defined behaviour puts the MS in the target cell in DTM with only some PS resources.  The MS may of course request further PS resources once in the target cell, but there is no guarantee as to when these further PS resources will become available.  Hence there could be a PS service interruption of unknown duration for some PS services.  

In this case it may be better to allow the s-BSS, as a local policy decision, to re-request PS resources and delay the handover with the chance that the resources would be available second time around.  A good example of where this would be useful is the case of handover due to congestion.  This may be more important for DTM mobiles using services that require a significant number of timeslots compared with CS calls only due to blocking issues.  In the case of congestion it is better to trade-off a delay in handing over the MS against an unknown disruption of the PS services.  

The s-BSS may also decide to try a DTM Handover to another cell if the PS service is of sufficient importance as is the case with the current concept.  
The decision on whether to re-try PS resources, try a DTM handover to a different cell or continue the handover with limited PS resources, may depend on many factors such as:

· The current radio conditions in the source cell (does it make sense to maintain the MS in the current cell).  
· The cause of the handover.  If the DTM Handover is due to congestion in the source cell, then there is no urgency in handing over the MS and it is possible for the s-BSS to retry part of the handover to minimise the chance of service interruption.  

· The relative importance of the PS and CS services.   

Thus we propose that an extra option is provided for the s-BSS in the case where CS Resources are successfully allocated but only some PS Resources are successfully allocated:
· The s-BSS may choose to re-request the PS Resources (or a subset of these PS resources) only without having to request the CS resources. 

3.2. PS Resources allocated; No CS Resources Allocated

In this case (case 2) the current behaviour specified for DTM Handover is that either the PS Handover continues on its own and the MS is put in Packet Transfer Mode in the target cell, or the whole DTM Handover procedure is cancelled.  

A further option could be for the s-BSS to retry the DTM Handover.  In this case an optimisation would be to not have to retry both CS and PS Handover but only the CS Handover as PS resources have already been reserved in both the CN and the t-BSS.  

It is proposed that in the case that CS resources cannot be reserved but PS resources have been reserved, the s-BSS has the option (based on local policy) to re-request the CS resources only.  
4. Proposed Change to the Concept

In order to accommodate the suggested optimisations to the existing DTM Handover Concept the following changes are necessary:

· Specify the optional behaviours for the s-BSS in response to results of CS and PS Handover procedure.  
· Specify a means to re-try only the CS or only the PS Handover part. 
· Adapt the T1 and T2 timer behaviour to handle the re-try of the handover in one domain.  

The first bullet is simple to implement as this involves adding the extra possible behaviours as implementation dependent local policy decisions.  
In order to allow the re-trying of the DTM Handover for one domain only it is necessary to tie-up the new Handover request in domain 1 (e.g. the PS domain) with the previous (PS) HANDOVER REQUEST message in domain 2 (e.g. CS domain) in the t-BSS.  This is needed for 2 reasons:

· To allow the correct resource request to be assembled (combination of CS and PS resources).  
· To allow the timer behaviours to be different in this case as only one HANDOVER REQUEST message is expected.  

In order to tie these requests together we suggest the inclusion of an optional 1-bit RETRY field in the PS Indication IE and CS Indication IE that is generated by the s-BSS.  The RETRY field will be set by the s-BSS for each re-try between the same source and target cells for the same MS.  

If implementing this feature, the t-BSS will be able to check the current resource reservation for the MS (addressed via IMSI) in the other domain and generate a new response for the combined new resource request (CS and new PS resources) including the generation of a new DTM HANDOVER message.  
If the t-BSS receives a (PS) HANDOVER REQUEST message (from either domain) containing a set RETRY bit, it will look to see if it has an existing resource reservation in the other domain.  If so it does not need to apply the timer T1 but can immediately attempt to reserve the new resource requested and respond with the appropriate Handover Request Acknowledge message.  
There also needs to be some modified behaviour at the s-BSS when it receives the HANDOVER COMMAND or PS HANDOVER REQUIRED ACK message.  Here we propose the optional inclusion of the PS Indication IE and CS Indication IE in the transparent containers in the reverse path (from t-BSS to s-BSS).  In this way the s-BSS can check if it receives a HANDOVER COMMAND or PS HANDOVER REQUIRED ACK message that is a result of a retry.  If this is the case, the timer functionality can be bypassed and the new DTM HANDOVER COMMAND can be sent to the MS assuming that the new resource allocation is satisfactory.  
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Figure 1
Example Signalling Behaviour for Retry Bit Operation

The operation of the Retry bit is illustrated in an example in Figure 1.  In this case a normal DTM Handover procedure is initiated by the s-BSS with both CS and PS signalling (generically shown as Handover Request and Handover Response to simplify the diagram).  The result of the resource allocation by the t-BSS is that only some) of the PS resources requested are available.  

The s-BSS decides (based on local policy) to try re-requesting the PS resources only by sending the PS Handover Request with the Retry bit set.  The t-BSS recognises that the PS Handover Request is a retry, bypasses the timer T1, determines there are currently reserved CS resources, determines the now available PS resources and composes a new DTM Handover Command message.  The PS Handover Response is sent back to the s-BSS with the Retry bit set where it bypasses timer T2 and if the resources allocated are now considered to be acceptable, the DTM Handover Command is sent to the MS.  
5. Conclusion

This paper has identified the degree of flexibility in handling enhanced DTM Handover that is already covered by the existing concept and has analysed some further flexibility that would be desirable.  A solution to provide this extra flexibility in the current concept has been proposed that has minimal impact on the solution in standards but which should provide maximum flexibility for handling future services.  
Specifically the following changes are needed to the existing concept:

· An optional RETRY field should be included in the PS Indication and CS Indication IEs.  
· Optional inclusion of PS Indication and CS Indication IEs in the transparent containers from t-BSS to s-BSS.  
· For a BSS supporting this procedure, the ability to check on the existing resource allocation from a previous DTM Handover procedure.  
· Modified timer behaviour for T1 and T2 based on whether the RETRY bit is set in the appropriate message.  

It is proposed that this optional feature be added to the existing concept for the release-7 enhanced DTM Handover in order to allow significant additional flexibility in the DTM Handover procedure with a low-complexity optional addition to the procedure.  
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