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Critical Resource Indication: Concept, Benefits, and FAQ
1. Introduction

The concept of Critical Resource Indication was first presented at GERAN2#26bis and has since been refined.  This document summarizes the concept and some of the technical details, and addresses questions which have been raised in previous meetings.

2. Concept

Currently, the source BSS is allowed to cancel a PS or DTM Handover after it has received the acknowledgment message from the core network containing the radio interface DTM Handover Command, PS Handover Command or Handover Command message.

The reasons for this cancellation could be many and varied, and the decision algorithm is (and would remain) entirely implementation-specific; however, inputs may be expected to include current cell load, current radio conditions and the radio resources set up by the target BSS.

It is proposed that the source BSS apply its algorithm for determining whether or not to cancel  the handover (based on allocated resources) before sending the (PS) HANDOVER REQUIRED message(s) to the core network.  The source BSS informs the target BSS of the result, in terms of the PFCs which must be set up in order for the handover to proceed.  This allows the target BSS to cancel the handover if it cannot allocate radio resources for all of these critical PFCs (since it knows that the source BSS would otherwise cancel the handover), thus saving radio resources in the target cell and signalling messages in the core network.

The concept is illustrated by the figures below.

Actions in red apply only if the handover is cancelled.

Actions in green apply only if the handover is not cancelled.
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Figure 1 - Legacy Behaviour
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Figure 2 - Proposed Behaviour
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Figure 3 - Proposed behaviour with integrated processing

3. Technical Details

In order to minimize the complexity at the target BSS (which will anyway base allocation algorithms on the ARP priority levels, if available, as specified in 3GPP TS 48.018), it is mandated that critical PFCs must be those with the highest ARP priority levels.

The critical ARP priority level is defined as the ARP priority of the critical PFC with the lowest ARP priority. This makes it simple for the target BSS to check if it can allocate all critical PFCs.
For example, the following is allowed:

	PFC
	ARP Priority
	

	A
	1
	

	B
	2
	

	C
	4
	

	D
	4
	( Critical ARP level = 4

	E
	7
	

	F
	9
	


(highlighted PFCs are critical; priority 1 is highest)

but the following is not:

	PFC
	ARP Priority

	A
	1

	B
	2

	C
	4

	D
	4

	E
	7

	F
	9


(highlighted PFCs are critical; priority 1 is highest)

Both the Critical ARP level (if the source BSS has ARP values defined) and the List of Critical PFCs are sent to the target BSS in the Source BSS to Target BSS Transparent Container IE.
In case the target BSS does not have ARP values defined or the Critical ARP level is not available, the target BSS shall check the List of Critical PFCs in order to decide whether or not to proceed with the handover, otherwise the target BSS shall check the Critical ARP level. 
Since there is no benefit to the target BSS from not observing any critical resource indication it receives, it is mandatory for the target BSS to check if it complies with any such indication (i.e. to cancel a handover where it will not allocate resources for all critical PFCs).

Since there may be Release 6 BSSs which do not understand the new IEs, an acknowledgement IE is added to the return message in the Target BSS to Source BSS Transparent Container IE.
4. Inter-RAT handover

Only the Critical ARP priority level is applicable to inter-RAT handovers.

Since the ARP applies on a per-PDP context basis, then the ARP of a (GERAN) PFC is very likely to be the same as the ARP of the corresponding (UTRAN) RAB.
Therefore this proposal is valid for both GERAN-to-UTRAN and UTRAN-to-GERAN handovers.

5. Impacts

There are no impacts on either the MS or the core network.

Three additional IEs are defined for the transparent containers.

The impact on processing at the BSSs is illustrated in Figures 1-3 above.  Since this proposal simply changes the order of algorithms at the source BSS, there is no net processing increase (in fact, there may be a decrease in processing, since the two algorithms are likely to be very similar and may be efficiently integrated to reduce complexity).

At the target BSS, impacts have been minimized by the correspondance between critical resources and ARP priority levels, making the integration with the existing allocation algorithm straightforward.  The most significant benefit at the target BSS is the fact that resources are not allocated in the case where the handover would (without this proposal) be cancelled by the source.
6. Benefits

The key benefits arising from this proposal relate to the reduction in resources (both air interface and signalling) used in the case where the target BSS is now able to cancel the handover, knowing that the source BSS would have cancelled it.

Quantification of these benefits is difficult, since the exact values would be implementation-dependent. Benefits may be obtained, by, for example, efficient integration of algorithms as shown in the figures above.

However, it is clear that the following benefits will be realised from this proposal.
 

a. Reduction in signalling between the source and the target BSS if the PS/DTM HO is cancelled (by the target BSS, rather than by the source BSS) because not all critical PFCs can be allocated.
 

In the target-to-source direction, negative acknowledgment messages would be sent instead of positive acknowledgement messages, so no net change.

In the source-to-target direction, the following messages are not sent:

        

        BSS-SGSN PS HANDOVER CANCEL,

        BSS-MSC HANDOVER FAILURE, 

        MSC-MSC MAP-ABORT (inter-MSC),

        SGSN-SGSN Relocation Cancel (inter-SGSN)
        MSC-BSS CLEAR COMMAND

        SGSN-BSS DELETE BSS PFC CONTEXT.

 

b. Higher availability of radio resources in the target cell when PS/DTM HO is cancelled

        

Without this proposal, all resources reserved by the target would be reserved for TcancelRTT unnecessarily. TcancelRTT = round-trip time from target sending (PS) HANDOVER REQUEST ACK to receiving CLEAR COMMAND/DELETE BSS PFC CONTEXT message (i.e. includes time taken for acknowledgement messages to reach the source, the source to process the messages, analyse the list of PFCs set-up, apply 'go/no-go' algorithm, generate and send HANDOVER FAILURE/PS HANDOVER CANCEL messages and for these to be received at the target).

In the case of DTM Handover, since CS resources are by default critical, these resources would be at minimum a CS call (at maximum CS call plus resources for all but one PFCs).

In the case of PS Handover, resources would be dependent on the order in which the target BSS allocates resources (again, worst case is resources for all but one PFCs).  If the target BSS (reasonably) allocates high priority, demanding (i.e. high bandwidth) PFCs preferentially, then a significant amount of resources might be reserved unnecessarily.
With this proposal, no resources would be reserved unnecessarily.  Resources remain available for users who would otherwise be pre-empted (see c.)
 
c. Better service perception for users in the target cell who are no longer affected by unnecessary pre-emption of their (lower ARP priority, pre-emptable) PFCs
With this proposal, no (unnecessary) TBF release or resource allocation messages are sent to pre-empt existing users; similarly, no messages to re-instate those resources are needed following the handover cancellation.

 

d. Faster reaction at the source BSS when PS/DTM HO is cancelled

 

Since the target BSS has cancelled the handover, no processing is required at the target BSS to determine whether or not to proceed with the handover.

This allows, for example, handover to a different target cell to be initiated faster (no cancel/failure messsages need to be sent to the CN).

Other key features of the proposal are

a. There is no negative impact to the successful PS/DTM Handover case.

Legacy behaviour involves the source BSS evaluating the list of PFCs set up (by the target) and determining whether or not to proceed with the handover.  This processing is now integrated partly into the handover initiation decision (at the source) and the resource allocation algorithm (at the target).  There is thus no net increase in processing required.

b. The proposal is flexible, future-proof, and minimizes inter-vendor interoperability issues
The algorithm for determining which PFCs are critical is located entirely at the source BSS, and the use of this indication at the target BSS is clearly, simply and unambiguously defined.  Therefore, there is no restriction on the algorithm used to determine critical PFCs at the source, and there is no need for the source and target BSS to have a common understanding of which PFCs are considered critical (e.g. based on Cause values).
 
7. Example Use Cases
Note that the use of the critical indication is not intented to imply any relative prioritization of PFCs (or, in the case of DTM Handover, the CS resources).  These are already specified by the ARP priority.

Rather, the determination of which PFCs are critical is expected to be determined by the source BSS, where the aim is to i) maximize the resources made available to the user in the new cell (for continuity of service), and ii) minimize signalling and resource usage for handovers which will be cancelled by the source BSS due to insufficient resources being allocated, while iii) minimizing the probability that the handover is cancelled, resulting in the mobile losing its connection(s) to the network.

These are conflicting requirements: for i), it is preferable that the handover proceed only if all (or nearly all) PFCs are allocated resources.  However, for iii), it is preferable that the requirements for the handover to proceed are as weak as possible.  Clearly, the tradeoff depends on, inter alia, the radio conditions between the BTS and the MS, as illustrated below.
Scenario 1:
· DTM service in the current cell, 

· no problems in terms of radio conditions, 

· no congestion for the time being, 

· but desirable DTM HO for load balancing reasons in order to 

· prevent incoming congestion in the source cell or 

· allow for better services distribution among the different cells or 

· allow for allocating EGPRS capable MSs on EGPRS capable TRXs with a currently higher number of available PDCHs or lower number of multiplexed users or 

· allow for allocating GPRS-only capable MSs on GPRS-only capable TRXs with a currently higher number of available PDCHs or lower number of multiplexed users 
→ all PFCs marked as critical. 
Scenario 2:

· DTM service in the current cell, 
· no problems in terms of radio conditions, 
· partial congestion in the source cell preventing BSS from guaranteeing PFCs with lower QoS (e.g. background) 
→ PFCs with higher QoS (e.g. streaming and interactive) (and therefore higher ARP prioriy) marked as critical.
For scenarios where radio conditions are deteriorating rapidly, such that there will most likely not be time to re-try a handover attempt,


→ No PFCs marked as critical
 

8. Conclusion

This paper has described the concept of Critical Resource Indication, described the impact on existing protocols (minimal, and transparent to the MS and core network), listed the benefits, and presented use cases.
In view of the low impact and significant benefits of this proposal, it is proposed that this proposal be incorporated into Release 7 for both PS and DTM Handover, both for GERAN A/Gb mode to GERAN A/Gb mode handovers, and (with the consent of the appropriate RAN group(s)) for inter-RAT/mode handovers.
Appendix: Questions/Concerns raised previously

This appendix addresses a number of questions and concerns which were raised in meetings and over the GERAN WG2 email reflector.

Questions:

1. Doesn't this break the agreed principles for DTM Handover (where only CS resources are 'critical')?

2. Aren't existing cause values sufficient?

3.  Why shouldn't the target BSS always allocate resources on a 'best-effort' procedure

Answers:

1. Doesn't this break the agreed principles for DTM Handover (where only CS resources are 'critical')?
Currently, for DTM Handover, CS resources are considered critical.  This proposal is the natural extension of this to allow operators more flexibility and reduce wasted resources by allowing one or more PS resources to be additionally considered critical.
As stated in Section 7 above, it is not intended that the critical indication is used to imply different relative priorities of PS PFCs and CS dedicated resources from those currently used (ARP, etc.)

2. Aren't existing cause values sufficient?
i) Cause values are not strictly defined, so the target BSS does not have an unambiguous idea as to the exact requirements of the source BSS for the handover to proceed.

ii) Obviously, the target BSS may opt to cancel the handover based on cause values.  However, for the above reason, it must be very cautious doing so (i.e. it must tend towards not cancelling the handover).

iii) It is therefore necessary in any case for the source BSS to process the list of set-up PFCs on receipt of the acknowledgement.  However, this is largely a repetition of the algorithm which it used to initiate the handover and specify the cause value.  A key benefit of this proposal is that the source BSS does not need to process the list of set-up PFCs.

iv) For reason ii) above, the probability that the target BSS cancels the handover must be very low, and therefore will very rarely result in the gains which can be achieved by this proposal, described in Section 6, being realized.

3. Why shouldn't the target BSS always allocate resources on a 'best-effort' procedure?
For the reasons described in response to 2. above, this is (currently) a very reasonable approach.  It is very unlikely that the target BSS is able to be certain that the source BSS will cancel the handover.

However, this results in the wastage of resources and unnecessary signalling highlighted in section 6 above, which can be avoided by the adoption of this proposal, which unambiguously indicates to the target BSS the requirements for the handover to proceed.
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