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Background

The origin of the present UARFCN numbering scheme for UTRA dates back to 1999. At that time, a 200 kHz frequency raster had been agreed as a compromise between frequency granularity, implementation complexity and UE search time. By numbering all frequencies from DC up to 3.27 GHz, a universal scheme was achieved that would be future proof in terms of introducing new frequency bands in that frequency range. This could all be signalled with a 14-bit UARFCN number (0…16383).

When work started on the 1900 MHz frequency band (Band II) in 2000, it became clear that the 200 kHz raster was not sufficient. In the narrower 5 MHz license blocks, the carrier had to be positioned in the middle of the block, which is in between two frequencies on the 200 kHz raster. Instead of introducing a complete new 100 kHz raster, 12 “odd” frequencies with special numbering were introduced as an exception to the mapping rule of the “universal” 200 kHz raster scheme.

Of the three new frequency bands being standardised as Release 6 work items, at least two will require similar addition of  “odd” frequencies to the universal 200 kHz raster. Since this is most likely not the end to exceptions fro the universal raster, we need to consider what options we have to solve this not only for the present bands, but also for future additions.

The present solution in Band II

For Band II, there are 24 UARFCN numbers that have been re-defined to pint at carrier frequencies in the 1900 band, 12 for the uplink and 12 for the downlink. The UARFCN numbers are in the ranges 12-287 and 412-687, corresponding to 2.4‑57.4 MHz and 82.4‑137.4 MHz. 

UARFCN definition for Band II additional channels

	
	UARFCN
	Carrier frequency [MHz]

	Uplink
	Nu = 5 * (Fuplink – 1850.1 MHz)
	Fuplink  =1852.5, 1857.5, 1862.5, 1867.5, 1872.5, 1877.5, 1882.5, 1887.5, 1892.5, 1897.5, 1902.5, 1907.5

	Downlink
	Nu = 5 * (Fdownlink – 1850.1 MHz)
	Fdownlink =1932.5, 1937.5, 1942.5, 1947.5, 1952.5, 1957.5, 1962.5, 1967.5, 1972.5, 1977.5, 1982.5, 1987.5


Band II additional UTRA Absolute Radio Frequency Channel Numbers
	Operating Band
	Uplink 

UE transmit, Node B receive
	Downlink

UE receive, Node B transmit

	II
	12, 37, 62, 87, 

112, 137, 162, 187, 

212, 237, 262, 287
	412, 437, 462, 487,

512, 537, 562, 587,

612, 637, 662, 687


Since these additional “odd” frequencies are spaced 5 MHz apart, the corresponding UARCN numbers are also spaced 25 steps apart, corresponding to the 5 MHz. There are thus a total of 528 UARFCN numbers in the ranges 12-287 and 412-687 that are not used for Band II, and these numbers would be difficult to use in other bands.

Proposed solutions for Bands V and VI

When looking back at the universal numbering scheme and the special solution for Band II, it becomes clear that adding new bands requiring “odd” frequency numbers will require additional special solutions. This is already the case for the Band V and Band VI discussions and possibly also for future band allocations. 

At the same time, we have to keep in mind that other frequency bands may open up for UMTS use, not only above 2 GHz, but also below 800 MHz. We should therefore look at the options we have to solve this problem for both present and future band allocations, before going ahead with special ad hoc solutions for new bands.

The RAN4 discussions for Bands V and VI have identified the following additional frequencies needed:

	
	Additional uplink 

carrier frequencies
	Additional downlink 

carrier frequencies

	Band IV
	-
	-

	 Band V
	827.5 MHz
832.5 MHz
837.5 MHz
842.5 MHz
	872.5 MHz
877.5 MHz

882.5 MHz

887.5 MHz

	Band VI
	832.5 MHz
837.5 MHz
	877.5 MHz

882.5 MHz


The first thing to note is that four of the carrier frequencies are common to Bands V and VI. They should consequently have the same UARFCN numbers in the two bands, adhering to the rule that there is a one-to-one mapping from UARFCN to frequency.

Option A: Extra UARFCN numbers spread out as for Band II

One option is to accommodate the 8 additional “odd” frequencies in a way similar to that in Band II. A range of numbers spaced 25 apart is selected to map to the 8 new frequencies using a formula unique to the two bands. One example of mapping is shown in the table below:

Option A:  Proposed UARFCN definition for Band V and VI additional channels

	
	UARFCN
	Carrier frequency [MHz]

	Uplink
	Nu = 5 * (Fuplink – 670.1 MHz)
	Fuplink    = 827.5, 832.5, 837.5, 842.5

	Downlink
	Nu = 5 * (Fdownlink – 670.1 MHz)
	Fdownlink = 872.5, 877.5, 882.5, 887.5


Option A: Proposed additional UTRA Absolute Radio Frequency Channel Numbers
	Operating Band
	Uplink 

UE transmit, Node B receive
	Downlink

UE receive, Node B transmit

	V
	787, 812, 837, 862
	1012, 1037, 1062, 1087

	VI
	812, 837
	1037, 1062


The advantage of this Option is that the UARFCN to frequency relation is a simple formula, similar to the universal UARFCN formula and that it still can be signalled using a 14-bit UARFCN number.

In the universal plan, the numbers 787-862 and 1012-1087 correspond to frequencies in the ranges 157.4‑172.4 MHz and 202.4‑217.4 MHz. If further bands are added that need additional “odd” numbers, it is clear that these odd numbers will soon start to redefine numbers in the universal plan that correspond to 400, 500 or even 600 MHz. That is the disadvantage of Option A – it works for now, but may become unworkable as more bands are added.

Option B: Extra UARFCN numbers tightly spaced in low frequency ranges

One way of not using up UARCN numbers from a too large range is to “pack” them more tightly. Since the additional carrier frequencies are anyway spaced 5 MHz apart, so could the numbers be in the UARFCN formula. One such proposal is presented below:

Option A:  Proposed UARFCN definition for Band V and VI additional channels

	
	UARFCN
	Carrier frequency [MHz]

	Uplink
	Nu = 0.2 * (Fuplink + 672.5 MHz)
	Fuplink    = 827.5, 832.5, 837.5, 842.5

	Downlink
	Nu = 0.2 * (Fdownlink + 672.5 MHz)
	Fdownlink = 872.5, 877.5, 882.5, 887.5


Option A: Proposed additional UTRA Absolute Radio Frequency Channel Numbers
	Operating Band
	Uplink 

UE transmit, Node B receive
	Downlink

UE receive, Node B transmit

	V
	300, 301, 302, 303
	309, 310, 311, 312

	VI
	301, 302
	310, 311


The advantage is that all numbers for the new bands fit within a range of just 12 UARFCN numbers. This makes room for adding several new bands requiring additional carrier frequencies, without “wasting” UARFCN numbers going up to 4-500 MHz.

The disadvantage is that the UARFCN formula is even more irregular than the one used in Band II, making the UARFCN scheme more inconsistent and less universal. Also, it is not completely future proof, since we do not yet know how many additional carrier frequencies that will be needed in future bands.

Option C: Introduction of 100 kHz carrier raster from Release 6

Since both Option A and B lack in terms of not being future proof, a third Option C should also be considered.

Looking back at the introduction of Band II and the lengthy discussions around proper carrier frequency positions and the spectrum mask, it becomes clear that a full 100 kHz raster could be very useful. This would allow any future band in the range up to 3.27 GHz to use any set of “additional” frequencies on a 100 kHz raster, since all would have a UARFCN identity.

From a signalling point of view, this requires a 15-bit UARFCN number, an “Extended UARFCN”. The most backwards compatible way to do this is to extend the UARFCN range from 0...16383 to be 0...32767, and let the first half of the range map to the same 200 kHz raster as in the original UARFCN definition. The second half of the range can then map on all the frequencies in between, being on the 100 kHz raster. This makes the most significant bit of the UARFCN a “100 kHz raster indicator”.

Option C still has to work with old scheme Release 99 to 5 UEs roaming through networks that potentially use the new Extended UARFCN. That is no issue for dedicated signalling, since the RNC will then have knowledge of the Release for the UE and what UARFCN scheme it supports. But there also has to be backwards compatibility for system information messages, since older UEs may attempt to read those without knowledge of the new UARFCN scheme. 

A solution is that all Bands supported up to Release 5 (Bands I to III) always use the old UARFCN scheme, while only the new bands in Release 6 (and on) use the Extended UARFCN. This restriction somewhat takes away the advantage of the new scheme being a global solution, since it cannot be applied in Band II (for system information messages). But it can be applied to any future band.

In the same way as in Options A and B, only a limited set of the additional “odd” frequencies would be valid to reduce search time. Thus the table “UTRA Absolute Radio Frequency Channel Numbers” should be maintained in section 5.4.4 of 25.101, clearly stating what numbers are supported for each band.

Proposal

From the point of view of maintaining a well organised and future proof UARFCN scheme, it would seem that Option C is the one to select for the new bands. But since Option C cannot anyway be applied in the existing Band II for backwards compatibility reasons, the present inconsistency in the UARFCN scheme will remain in the future. Developing Option C also requires a considerable amount of RAN2 work for new signalling. 

We therefore propose that Option B is used for the new bands. It is to a large degree future proof, and Option C is still there and can be applied in the future in case we run out of low UARFCN numbers to map additional RF frequencies on.

