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Proposal for dynamic channel numbering in GSM REL-4

1. Introduction

A dynamic channel numbering scheme was introduced in the TSG GERAN #2 meeting by Nokia (Tdoc GP-000764). The main motivation was to extend the current signalling capability to support new frequency allocations, i.e. new spectrum support but still maintaining the 10 bit ARFCN numbering space. The intention was to keep the existing signalling messages unmodified as far as possible. Unrestricted support for multiband operation was identified as another potential application for dynamic numbering. As an example, an MS supporting GSM 700 currently must assume that ARFCN numbers common for DCS 1800 and PCS 1900 should be interpreted as PCS 1900 frequencies if those are sent on the GSM 700 band. Dynamic channel numbering would allow full multiband operation for REL-4 terminals on networks using GSM 700 and DCS 1800 frequency bands as an example.

2. Summary of the proposed solution

The basic solution was to broadcast a new information element (likely within a new SI/PSI message) which would provide PLMN specific mapping of ARFCN numbers to physical frequencies instead of the current fixed mapping in 05.05. This scheme allows efficient usage of ARFCN numbers because ARFCN numbers are only required for those frequencies used by any particular PLMN, not for all frequencies supported by the standard.

This new information element was proposed consisting of the following parameters:

· ARFCN_FIRST which would be used to indicate the first ARFCN value to be dynamically mapped (10 bits).

· ARF_FIRST which would indicate the Absolute Radio Frequency corresponding to ARFCN_FIRST (i.e. the physical frequency corresponding to the first dynamically allocated ARFCN, could be 14 bits or less).

· ARFCN_RANGE which would indicate the number of ARFCN values, subsequent to the ARFCN_FIRST, which are dynamically allocated (in the range of 5 to 8 bits).

This parameter set should be repeated for each separate block of ARFCN numbers being dynamically mapped.

3. Identified problems

TSG GERAN Norrtälje meeting identified a few problems for which we have identified potential solutions. The first problem is related to interworking with UTRAN or any other non-GSM system. The MS may have obtained service through a non-GSM system, even if unlikely, before entering GSM coverage area. In order to support non-GSM to GSM handovers, the information about dynamic mapping should be included in the non-GSM to GSM handover message. This should not be any major problem since non-GSM systems like UTRAN are happy to carry signalling messages of this size.

A more difficult problem is related to the need to support changes in the dynamic mapping while the network should provide continuous service. Adding new frequency allocations is simple but there may be a need to change the mapping of a frequency band that already is being used but has a different mapping. An example could be a merger of two operators that did not have co-operation before and ended up using different mapping for ARFCN numbers. In order to support handovers between existing networks, the dynamic mapping needs to be updated to be equal for both networks. Typically the need to change existing dynamic mapping would occur very infrequently, say once per year at most. Even with this frequency, it would not be adequate to assume that service would be temporarily unavailable until a new mapping is activated and decoded by all mobiles. 

4. Proposed solutions supporting changes in dynamic mapping

One potential solution identified was a copy of the UTRAN scheme to broadcast preconfiguration data. Two different sets of dynamic mapping, A and B, could be broadcast simultaneously and an A/B indicator would be added to all relevant messages referring to ARFCN numbers. The disadvantage of this proposal is that even if a single indicator bit would be required, that should be added to a significant number of different signalling messages.

Considering that the mapping is needed in one direction only, from any ARFCN number to a physical frequency, a simple broadcast based solution is proposed instead. The idea is to broadcast a duplicated mapping for that particular frequency block whose mapping should be changed, for a sufficiently long time period. The requirement of the duplicated mapping is that ARFCN range is unique for the old and the new mapping i.e. this mapping is valid both for the mapping before the change as well as for the mapping after the change. The physical frequency range covered by the alternative mappings does not need to be unique at all. The network should then broadcast duplicated mapping for a period equal to the longest uninterrupted call assumed, this could be from an hour up to several weeks. After this period, one may assume that all mobiles have entered idle mode and they all have decoded the new broadcast system information contents. Once all mobiles have decoded the duplicated mapping, the network can start sending only the new mapping i.e. delete the duplicated mapping by removing the mapping for the old frequency allocation. The full procedure is illustrated step by step below:

· Assume that the network is initially sending dynamic mapping for 4 different frequency blocks, referred as DM1, DM2, DM3 and DM4.

· Assume that DM1 is covering the frequency range from x to x + 5 MHz and the frequency band allocated for the operator is changed to the range from x – 5 MHz to x + 2 MHz (extension and change of frequency allocation at the same time).

· The operator should then start to broadcast a new dynamic mapping DM1, DM2, DM3, DM4 and DM5 where the old frequency allocation is mapped by DM1 and the new allocation is mapped by DM5. The requirement is that the ARFCN numbers used for DM1 and DM5 are non-overlapping.

· Once the operator has used this new system information e.g. for 24 hours, the change in the frequency allocation can be carried out. Note that this change needs to be done like any similar change with fixed numbering scheme, the change should occur simultaneously for all active resources in a given cell, including likely changes in neighbour cell SI messages. Anyway, dynamic numbering does not affect this procedure at all.

· At any time after the actual change in the frequency allocation, the operator may start sending dynamic mapping excluding DM1, i.e. including only DM5, DM2, DM3 and DM4.

This procedure could be enhanced by allowing point to point sending of mapping information in connected mode. The advantage would be reduced time required for broadcasting duplicated mapping and support for infinite CS calls. However, considering the frequency of changes in dynamic mapping, the connected mode support is felt unnecessary.

5. Proposal for continued work

Since no CRs are available for this meeting, we propose that TSG GERAN would review this detailed description and a task list which would then allow straightforward CR drafting and introduction of CRs in the TSG GERAN meeting #4, assuming TSG GERAN supports further work on this item. Nokia plans to draft CRs, preferably under the work item "GSM 700", well before TSG GERAN meeting #4. This would allow time for comments and potentially approval of the final CRs at the next meeting . The detailed list of items to be covered is as follows:

· The details of the parameters (ARFCN_FIRST, ARF_FIRST & ARFCN_RANGE). 

· Full description of a new SI and PSI message capable of carrying several sets of mapping parameters (assuming an existing SI/PSI has not sufficient room).

· Indication of the existence of the new SI message being broadcast.

· Scheduling of the new SI message

· 05.05 definition for dynamic ARFCN mapping. All REL-4 MSs shall support dynamic ARFCN mapping and the dynamic mapping, if used, shall take precedence over fixed numbering.

