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1 Introduction

At the joint meeting between TSG GERAN and RAN3 on CRRM (Málaga, Spain; 11th  – 12th February 2002), a simple solution for Common Radio Resource Management (CRRM) was agreed for Release 5. This solution is based on the exchange of certain cell traffic measurements during the handover and relocation procedures.

RAN3 and TSG RAN have already approved the corresponding CRs to RANAP (3GPP TS 25.413 [1]). At the GERAN2 #8bis meeting (Stockholm, Sweden; 11th – 15th March 2002), the CRs to BSSAP (3GPP TS 48.008 [2]) was reviewed. At this meeting, one company questioned whether the agreed solution should also apply to the intra-GERAN handover case, as there might be other solutions already specified. Since then, discussions have taken place, both at TSG GERAN and GERAN2 meetings as well as offline, with no conclusion on whether the proposed solution should apply to the intra-GERAN case.

This paper provides arguments in favour of using a single solution for the exchange of the mentioned measurements, irrespective of whether the handover is an intra-GERAN or inter-RAN.

2 Technical discussion

2.1 General

This section provides arguments in favour of using the mentioned solution also for the intra-GERAN case. It also answers the questions posed over the last months and arguments favouring a different approach. Section 2.2 addresses the arguments tabled over the last meetings; section 2.2.3 provides new arguments.

2.2 Tabled arguments

2.2.1 Use of the Load Indication procedure

At the GERAN2 #8bis meeting (Stockholm, Sweden; 11th – 15th March 2002), it was indicated that there is an existing procedure to send cell load information from a BSC to its MSC. This procedure, the Load Indication procedure, enables a BSC to send the LOAD INDICATION message to the MSC, which relays the message to other BSCs parented by that MSC which control neighbouring cells to the source BSC.

As indicated in GP#9(02)0744 (see [3]):

· The Load Indication procedure does not work when the information has to be transferred between two BSCs parented by different MSCs. This procedure would therefore need to be extended on the E interface (MAP) to cover the inter-MSC case.

· This procedure would need to be extended to contain the cell traffic load measurements defined at the joint meeting with RAN3.

· The Load Indication procedure is an independent one and its use increases the load on the A interface as well as the processor load in the BSC and the MSC.

On the contrary,

· The handover based CRRM solution is fully realisable with the same solution agreed at the mentioned joint meeting. No additional changes to existing procedures or to MAP are necessary.

· The cell traffic load measurements would be exchanged inside the already existing handover messages, therefore without any substantial increase of load in the BSC, MSC or A interface.

2.2.2 Split of the CR into two

It has been suggested that the CR incorporating the changes (see [4]) should be split in two: one covering the inter-RAN case and one covering the intra-GERAN case.

However, Vodafone see no benefit in separating both scenarios and applying the same solution independently. In fact, when those two CRs were created, it became evident that the union of both produced the same contents of the original CR covering both scenarios.

Furthermore, Vodafone cannot agree as it has been suggested, that the scope of the joint meeting with RAN3 was to cover the inter-system case, but not the intra-GERAN case, or, more specifically, the intra-A/Gb mode scenario. TSG GERAN WG1 specified clearly in an LS to RAN3 (see 3GPP TD GP#7(01)2778 [5]) prior to the joint meeting that:

"[…] TSG GERAN WG1 would like to express its requirement that solution for CRRM must work with the large base of installed equipment, more specifically with GERAN A/Gb mode equipment already in the field. […]".

2.2.3 Out-of-date knowledge of the load in the target cell

A disadvantage of the proposed solution has been flagged up: since the exchange of cell load information takes place during a handover procedure, the load may change

However,

· this is the solution agreed jointly with RAN3 and should not be re-discussed for Release 5;

· this apparent disadvantage would also apply to the inter-system case, not only to the intra-GERAN one; other solutions are being discussed in RAN3 for subsequent releases;

· this is one of the logical consequences of having RRM distributed across several RAN nodes.

In fact, it can be argued that this out-of-​date effect is greater the longer the time between measurements is. However, this solution has the benefit that, with no extra signalling, the effective measurement exchange frequency increases with the load. Higher load in a certain area is normally motivated by an increase of active users in the area, which increases the frequency of handovers and therefore the frequency of cell load measurement exchange, thus increasing the accuracy in the knowledge of the neighbouring cells.

2.2.4 Ping-Pong effects

A potential problem that has been highlighted is that the use of the knowledge of the load in neighbouring cells to trigger cell load based handovers may result in ping-pong effects and oscillations in the load of certain cells. If a cell suddenly reports a low load, this may trigger cell load based handovers towards such cell form several neighbouring cells, thus increasing its load, possibly driving it into congestion, which would then trigger cell load based handovers from the cell.

These sudden changes in the load of a cell are not the typical case. It is more likely that the load of the mentioned cell goes down progressively, therefore becoming progressively a candidate for handovers, but not suddenly.

However, this is not a standards issue, but related to the modifications to the existing vendor-specific algorithms for handover in the RAN nodes. In any case, care can be taken in the design of such algorithms to prevent the effects mentioned above. For instance,

· Obviously, as suggested in a note in the proposed CR [4], cell load handovers should not be initiated when a successful handover results in a higher load in the target cell.

· A congestion threshold may be used so that the cell load handovers are not initiated while the load is below such level, even when the load in neighbouring cells is higher.

· Furthermore, a second threshold may be used so that a cell does not initiate cell load based handovers to a second cell, unless the difference between them is higher than this second threshold.

· …

Again, this is another consequence of a distributed RRM function, not specific to this solution and certainly not specific to the intra-GERAN case.

2.3 Additional arguments

In addition to the arguments above to endorse the principles described in this paper, it should be considered that:

· Cell load based external handovers already exist today. However, they are done in a "blind" manner. When the BSC sees that a cell is congested, it may start moving traffic away. For that, it will choose certain mobile(s) and it will suggest to the MSC possible candidate cells. Note that these candidates are blindly chosen, since the source BSC does not know the load in those cells that it does not parent. By exchanging load info, additional information is provided to the BSC to consider when choosing the possible candidates, therefore reducing the probability of handover request failure (speeding up handover —and thus relief of the congestion— and reducing load on the A interface). So cell load based handovers are already done today and, if anything, this solution should reduce the load on the A/E interfaces.

· The proposed solution is specified as optional for both the BSC and the MSC. Operators/manufacturers can decide whether or not they want to use/implement it for a particular scenario.

3 Conclusions

Following the arguments presented above, the benefits of having CRRM within GERAN are clear and it is kindly requested from TSG GERAN that:

· The principle of using the Handover/Relocation based solution for CRRM is endorsed; and

· GERAN2 #10 is tasked with the revision of the CR to implement such changes in Release 5 (see [4]).
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Annex: Exchange of messages and transparent containers

4.1 General

This annex summarises the sequence of messages used in the three following scenarios:

· Intra-A/Gb case handover;

· Handover/Relocation from Iu to A/Gb mode; and

· Handover/Relocation from Iu to A/Gb mode.

The messages involved in a successful procedure are shown in blue, those involved in the failure cases are depicted in red and the transparent containers are shown in green.

4.2 A/Gb mode to A/Gb mode
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Figure 1 – Intra-A/Gb case handover.
4.3 A/Gb mode to Iu mode
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Figure 2 – Handover/Relocation from A/Gb to Iu mode.
4.4 Iu mode to A/Gb mode
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Figure 3 – Handover/Relocation from Iu to A/Gb mode.
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