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Dynamic channel numbering for new GSM frequency bands

1. Problems related to current fixed approach

The total number of Absolute Radio Frequency Channel Numbers (ARFCN) currently supported by GSM signalling is 1024. Excluding GSM 700, totally 762 ARFCN values are unused. However, only two separate large blocks of unallocated ARFCNs exist, 341-511 & 886-954 supporting a total bandwidth of 48 MHz (totally 240 ARFCN values). Allocating 15 MHz or 74 carriers for GSM 700, would leave a very limited number of ARFCNs for future frequency bands. Clearly there is no possibility to support any new band allocation like the future 2.5 GHz IMT 2000 extension band. This document suggests a new, dynamic ARFCN allocation procedure that would allow maintaining the existing signalling mostly unchanged but simultaneously making it possible to support significantly wider spectrum allocations compared to the existing fixed ARFCN mapping. Specifically changes on all information elements referring to 10 bit ARFCN numbers can be avoided.

2. Basic principle of dynamic channel numbering

The basic proposal is to specify a new information element that could be used to dynamically map ARFCN values to physical frequencies. As an example, this information element could consist of three parameters:

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

· 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).

· 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).

One possible coding for ARF_FIRST could be the one used by UTRAN. The above set of parameters should be repeated for each separate frequency block. This coding supports all frequencies below 3.2768 GHz. Basically this approach extends the supported frequency range at least equal to that supported by UTRAN signalling.

It is an advantage for the proposal to keep the amount of unallocated ARFCN values and the size of continuous blocks as large as possible. This is why the scheme is proposed already for GSM 700 and basically as a mandatory feature for all R4 mobiles.

3. Options to provide information about dynamic mapping for the MS

The minimum requirement is to provide information about dynamic ARFCN mapping for the MS to allow initial access and subsequently registration to the network. This would be possible by broadcasting the new information element, either in an existing SI message or in a new SI message or a combination if necessary. No broadcast information is needed if the cell is using a non-hopping SDCCH on the BCCH carrier (or TCH if early assignment is used) for signalling. In the case that the mapping information is only partially provided by broadcasting, a means to send the mapping information in dedicated mode too is required. Actually dedicated mode support is preferred for other reasons too.

In order to support "other systems to GSM handover", the dynamic mapping should be added to the corresponding handover command because there is a possibility that the MS has not had a chance to read any valid mapping information before receiving the handover command.

The mapping would most likely need to cover the full frequency allocation used by a particular PLMN but would not need to cover all frequencies of all possible frequency bands. This principle allows 240 ARFCN values to cover new frequency bands of up to hundreds of MHz totally, assuming that those new bands are shared amongst several operators (E.g. 6 for the IMT-2000 frequency band in Germany today). 

4. Validity of mapping information

There may be a need to change the dynamic mapping in a live network. The reasons for changes could be a change in the frequency allocation either within a specific frequency band or an addition of a new frequency band (the latter is not critical). The MS may be in idle mode or in dedicated mode at the time the mapping would change. Clearly the most difficult issue is to guarantee that the MS is using correct information for dynamic mapping at the time the network modifies the mapping unless the mapping is added to all relevant signalling messages. However since the mapping would change only very infrequently, it would be preferable if the MS could normally use the mapping obtained at switch on (either by reading from BCCH or provided during network registration). Increased message size could be then avoided for critical messages like a handover command.

Details related to dynamic ARFCN mapping should be considered by TSG-GERAN WG2 if TSG GERAN considers the approach useful.

5. Dynamic mapping for currently allocated ARFCNs

Unallocated ARFCN values allow the highest flexibility for dynamic mapping. However, in some cases it could be useful to allow "remapping" of existing ARFCN values. An example case would be an operator that does not support R-GSM frequency band. An operator supporting GSM 700 could remap R-GSM ARFCN values to be used by GSM 700 system. In this case there is no difference for a R4 MS compared to the case that other, unallocated values would be used. For a pre-R4 MS supporting R‑GSM band there would be a minor disadvantage in the sense that this MS would monitor R​‑GSM frequencies but would disgard those measurements based on proper NCC-allowed setting (Note that the useful number of RXLEV samples for those bands supported by this MS would still be equal to the number of samples for a R4 MS that supports GSM 700). This problem could be totally solved by adding dynamically mapped neighbour cells into SI2x messages that are ignored by pre-R4 mobiles. However, the possibility to use existing SI2 messages that would be common to all mobiles would be likely the preferred option (common SI5 messages should be an advantage too).

Dynamic mapping of currently fixed ARFCNs would also bring the possibility to support multiband operation between frequency bands that are currently not supported. As an example, an MS operating on the 850 MHz band should assume ARFCN-values 512-810 to address PCS 1900 frequencies instead of DCS 1800 frequencies (this at least should be covered by the specs). Assuming a country that would use GSM 850 and DCS 1800 could use dynamic channel numbers on the 850 MHz band pointing to the 1800 MHz band. Then a R4 or later MS would support dual band operation between these two bands (additionally some changes to classmark would be preferred e.g. to allow that the MS indicates simultaneously support for 1800 and 1900 bands).

6. SIM

Normally the MS would store the latest valid BA at switch off to the SIM in order to allow faster registration to the last registered PLMN at next switch on. This is not possible unless SIM is modified either to support storing 14 bit ARFCNs or inclusion of the mapping information related to applicable 10 bit ARFCN values. The proposal is to omit this for the case of dynamically allocated ARFCN numbers. The MS may optionally store the BA including dynamically mapped ARFCNs, as today for all other frequencies. Assuming that the information is available internally at the MS, normally any additional delay in initial access can be avoided.

