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Background

At RAN#29, a decision was made on the way forward for the UARFCN conflict identified in the RAN2 LS from London [1]. The CRs in RP-050615 [4] were approved by TSG RAN to solve the conflict between Bands V and IV. The CRs implement an “implicit signalling rule” in 25.101 that defines the behaviour of the UE in the UARFCN range where Bands V and VI overlap. RAN2 was also tasked to look at the whole issue further and to inform RAN4.

The conclusion from the RAN2 study presented in the RAN2 LS response in [3] is that there is no urgent need to invent new signalling mechanisms to represent the UTRA frequencies, since a sufficient part of the UARFCN signalling range is unused. From [3]: “The recommendation from RAN2 to RAN4 is thus to confirm that Band III and Band IV are not yet commercially deployed and, provided that is true, to reallocate the UARFCN ranges for those two frequency bands, thereby avoiding overlapping with UARFCN ranges of other frequency bands. Any new frequency band that is defined in the future should be given a non-overlapping UARFCN allocation versus the previously existing frequency bands.”
In the LS response from GERAN2 [5], it is noted that the addition of explicit signalling on the (GSM) air interface should be avoided and that GERAN2 therefore prefers re-allocation of UARFCN ranges to avoid the conflicts.

Based on the input from TSG RAN, RAN2 and GERAN2, this contribution outlines a new UARFCN scheme that is based on the proposed actions in Table 1. Band V and VI numbers remain, since RAN has implemented a solution. Numbering for Bands I, II and IX also remains, since they were identified to be too far into implementation. A new scheme is thus needed for Bands III, IV, VII and VIII as will be outlined in this contribution.

Table 1. UTRA FDD frequency bands

	Operating Band
	UL Frequencies


	DL frequencies


	DL UARFCN numbering status
	Proposed action for UARFCN numbers

	I
	1920 – 1980 MHz
	2110 – 2170 MHz
	Overlaps with IV
	Remains

	II
	1850 –1910 MHz
	1930 – 1990 MHz
	No overlap
	Remains

	III
	1710 – 1785 MHz
	1805 – 1880 MHz
	Overlaps with IX
	To be revised

	IV
	1710 – 1755 MHz
	2110 – 2155 MHz
	Overlaps with I
	To be revised

	V
	824 – 849 MHz
	869 – 894 MHz
	Overlaps with VI
	Remains

	VI
	830 – 840 MHz
	875 – 885 MHz
	Overlaps with V
	Remains

	VII
	2500 – 2570 MHz
	2620 – 2690 MHz
	No overlap
	To be revised

	VIII
	880 – 915 MHz 
	925 – 960 MHz
	No overlap
	To be revised

	IX
	1749.9 – 1784.9 MHz
	1844.9 – 1879.9 MHz
	Overlaps with III
	Remains (as proposed)


Principles for a new UARFCN scheme

A few basic principles need to be established for the new UARFCN scheme. It should not impact the 5 bands that are agreed to be unchanged, but at the same time it should be flexible for introduction of future bands. 

The following principles are proposed:

1) Keep the numbering of Bands I, II, V and VI, plus the proposed numbers for Band IX.

2) Provide unique sets of DL UARFCN for all other bands (III, IV, VII, VIII and future bands).

3) Abandon the one-to-one mapping of frequencies to UARFCN of the “old” UARFCN scheme.

4) Require no specific alignment between UL and DL UARFCN, but preferably have them shifted with a fixed offset.

5) Keep the division into “general” UARFCN for a 200 kHz raster and "additional" UARFCN for 100 kHz raster.

6) Start using “free” UARFCN in the lower part of the UARFCN range and continue upwards for each band.

Identified “free” ranges of UARFCN to use in a new scheme

We can now identify the UARFCN "space" that is free after we keep Bands I, II, V, VI and IX. Table A.1 of Annex A illustrates what UARFCN ranges that are not used by the bands that remain with their old UARFCN. In the downlink, there are UARFCN corresponding to almost 2.9 GHz, giving plenty of room for new bands.

Looking at the bands in order, we start with band III that needs 2x75 MHz. That will not fit into the first gap in Table A.1, which is only 45 MHz wide. The next gap is 625 MHz wide and can actually fit all existing bands II, IV, VII, and VIII. Table 2 shows how large UARFCN ranges are required for the revised bands. Each MHz of spectrum corresponds to 5 UARFCN numbers since there is a 200 kHz raster.

Table 2. Size of required UARFCN ranges required for the revised bands.
	Operating Band
	UL Frequencies


	DL frequencies


	Range required for general UARFCN
	Range required for additional UARFCN 

	III
	1710 – 1785 MHz
	1805 – 1880 MHz
	2x75 MHz
	-

	IV
	1710 – 1755 MHz
	2110 – 2155 MHz
	2x60 MHz *
	2x60 MHz *

	VII
	2500 – 2570 MHz
	2620 – 2690 MHz
	2x70 MHz
	2x60 MHz

	VIII
	880 – 915 MHz 
	925 – 960 MHz
	2x35 MHz
	-


* Note that it is proposed to “reserve” a total of 2x60 MHz (both general and additional) for Band IV, though the band is only 2x45 MHz wide. The reason is that a possible future expansion of Band IV to align completely with Band I downlink can then be done using an extended number range. Another alternative for such a possible expansion would be to use a completely new set of numbers.

UARFCN formula

It is proposed to use the same UARFCN formula as before, but with a frequency offset also for the general numbers, not only for the additional ones as in the existing specifications. The formulas would be:

NU = 5 * (FUL – FUL_Offset),
for the uplink carrier frequency range FUL_low  FUL    FUL_high
ND = 5 * (FDL – FDL_Offset),
for the downlink carrier frequency range FDL_low  FDL    FDL_high
The formula offsets and the exact frequency and UARFCN ranges will be tabulated in the RAN4 specifications as is done today.

The new UARFCN scheme

If the four bands in Table 2 are given “free” UARFCN numbers from the 625 MHz gap identified in Table A.1, starting with Band III and continuing up to Band VIII, the result is the UARFCN numbering scheme in Table 3. The table shows the UARFCN assigned to all nine bands, starting with the lowest UARFCN and continuing up to the highest one assigned. The bands with revised UARFCN are coloured, while the bands that remain with their old UARFCN are grey.

Each band may have two table entries, one for the “general” numbers and one for the “additional” ones. For each band, the width of the UARFCN range reserved is shown, where e.g. 75 means that UARFCN for 2x75 MHz is reserved. The UARFCN formula offset, the assigned UARFCN range and the corresponding carrier frequency range are shown (Min. and Max.). The table also shows the range of UARFCN and frequencies that is “reserved” for each band (Start res. And Stop res.). The reservation goes all the way to the band edge for consistency and to allow narrower carriers to be implemented close to the band edge in the Long Term Evolution using the same UARFCN set. For Bands IV, VI and IX, the reservation extends further to allow for possible future expansion of the bands using the same UARFCN set.

Bands V and VI are shown with common entries in Table 3, since their UARFCN ranges are completely overlapping.

Table 3. Summary of uplink and downlink UARFCN for Bands I to IX.


[image: image1.wmf] 

Band

Width

Offset

Nu

F

UL

Offset

Nd

F

DL

II

60

1850,1

Start res.

0

1850,1

1850,1

Start res.

400

1930,1

(Add.)

Min.

12

1852,5

Min.

412

1932,5

Max.

287

1907,5

Max.

687

1987,5

Stop res.

299

1909,9

Stop res.

699

1989,9

V/VI

45

670,1

Start res.

700

810,1

670,1

Start res.

925

855,1

(Add.)

Min. (V)

782

826,5

Min. (V)

1007

871,5

Min. (VI)

812

832,5

Min. (VI)

1037

877,5

Max. (VI)

837

837,5

Max. (VI)

1062

882,5

Max. (V)

862

842,5

Max. (V)

1087

887,5

Stop res.

924

854,9

Stop res.

1149

899,9

III

75

1525

Start res.

925

1710,0

1575

Start res.

1150

1805,0

Min.

937

1712,4

Min.

1162

1807,4

Max.

1288

1782,6

Max.

1513

1877,6

Stop res.

1299

1784,8

Stop res.

1524

1879,8

IV

60

1450

Start res.

1300

1710,0

1805

Start res.

1525

2110,0

Min.

1312

1712,4

Min.

1537

2112,4

Max.

1513

1752,6

Max.

1738

2152,6

Stop res.

1599

1769,8

Stop res.

1824

2169,8

IV

60

1390,1

Start res.

1600

1710,1

1745,1

Start res.

1825

2110,1

(Add.)

Min.

1612

1712,5

Min.

1837

2112,5

Max.

1812

1752,5

Max.

2037

2152,5

Stop res.

1899

1769,9

Stop res.

2124

2169,9

VII

70

2120

Start res.

1900

2500,0

2195

Start res.

2125

2620,0

Min.

1912

2502,4

Min.

2137

2622,4

Max.

2238

2567,6

Max.

2463

2687,6

Stop res.

2249

2569,8

Stop res.

2474

2689,8

VII

70

2050,1

Start res.

2250

2500,1

2125,1

Start res.

2475

2620,1

(Add.)

Min.

2262

2502,5

Min.

2487

2622,5

Max.

2587

2567,5

Max.

2812

2687,5

Stop res.

2599

2569,9

Stop res.

2824

2689,9

VIII

35

360

Start res.

2600

880,0

360

Start res.

2825

925,0

Min.

2612

882,4

Min.

2837

927,4

Max.

2763

912,6

Max.

2988

957,6

Stop res.

2774

914,8

Stop res.

2999

959,8

V/VI

45

0

Start res.

4050

810,0

0

Start res.

4275

855,0

Min. (V)

4132

826,4

Min. (V)

4357

871,4

Min. (VI)

4162

832,4

Min. (VI)

4387

877,4

Max. (VI)

4188

837,6

Max. (VI)

4413

882,6

Max. (V)

4233

846,6

Max. (V)

4458

891,6

Stop res.

4274

854,8

Stop res.

4499

899,8

IX

75

0

Start res.

8550

1710,0

0

Start res.

9025

1805,0

Min.

8762

1752,4

Min.

9237

1847,4

Max.

8912

1782,4

Max.

9387

1877,4

Stop res.

8924

1784,8

Stop res.

9399

1879,8

II

60

0

Start res.

9250

1850,0

0

Start res.

9650

1930,0

Min.

9262

1852,4

Min.

9662

1932,4

Max.

9538

1907,6

Max.

9938

1987,6

Stop res.

9549

1909,8

Stop res.

9949

1989,8

I

60

0

Start res.

9600

1920,0

0

Start res.

10550

2110,0

Min.

9612

1922,4

Min.

10562

2112,4

Max.

9888

1977,6

Max.

10838

2167,6

Stop res.

9899

1979,8

Stop res.

10849

2169,8


Proposal

It is proposed that the UARFCN scheme outlined above is implemented in RAN4 Rel-5 specifications. A text proposal for TS 25.101 is attached in Annex B for information.
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Annex A.
Current UARFCN allocation of remaining bands

In Table A.1 below, the UTRA downlink UARFCN allocations are given for frequency bands that are not subject to UARFCN revision, i.e. I, II, V, VI and IX.  The information is taken from the attachment to the RAN LS in [3] where the values in the “signalling space” are given as hexadecimal numbers. The information for Band IX is preliminary and is based on the draft proposals to RAN4. A corresponding table can be drawn for the uplink.

The table shows that there are big remaining “gaps” in the UARFCN space, even considering that the UARFCN for the five existing bands cannot be changed. The size of those “gaps” (measured in MHz) is indicated in the table. The total size of the gaps corresponds to a frequency range of almost 2.9 GHz. 

There are thus plenty of UARFCN available to number all existing and a number of future bands. The bands that are subject to UARFCN revision (III, IV, VII and VIII) all fit within the 625 MHz gap shown in table A.1.

Table A.1: UTRA downlink UARFCN allocation map

	
	000 …
… 01f
	020 …
… 03f
	040 …
… 05f
	060 …
… 07f
	080 …
… 09f
	0a0 …
… 0bf
	0c0 …
… 0df
	0e0 …
… 0ff
	100 …
… 11f
	120 …
… 13f
	140 …
… 15f
	160 …
… 17f
	180 …
… 19f
	1a0 …
… 1bf
	1c0 …
… 1df
	1e0 …
… 1ff

	0000 …
	
	
	
	
	
	
	
	
	
	
	
	
	Band: II

	0200 …
	Band: II
	
	
	
	
	
	
	Reserved
	B: V

	0400 …
	Band: V, VI
	B: V
	Reserved
	
	
	
	
	
	
	
	
	
	
	

	0600 …
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	0800 …
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	0a00 …
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	0c00 …
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	0e00 …
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	1000 …
	
	
	
	
	
	Reserved
	B: V
	Band: V, VI
	B: V
	Res.
	
	
	

	1200 …
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	1400 …
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	1600 …
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	1800 …
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	1a00 …
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	1c00 …
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	1e00 …
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	2000 …
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	2200 …
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	2400 …
	Band IX
	
	
	
	
	
	
	
	Band: II

	2600 …
	Band: II
	
	
	
	
	
	
	
	
	

	2800 …
	
	
	
	
	
	
	
	
	
	Band: I

	2a00 …
	Band: I
	
	
	
	
	
	
	
	
	
	
	
	

	2c00 …
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	2e00 …
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	3000 …
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	3200 …
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	3400 …
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	3600 …
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	3800 …
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	3a00 …
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	3c00 …
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	3e00 …
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


45 MHz “gap”





625 MHz





945 MHz





50 MHz 





120 MHz 





1100 MHz “remaining”








� The numbering for bands VII and VIII could also remain as before since they do not overlap. But in order to open up larger ranges of un-used numbers for a new scheme, and for consistency, this proposal also covers those bands.
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Width


Offset


Nu


F


UL


Offset Nd


F


DL


II


60 1850,1 Start res. 0 1850,1 1850,1 Start res. 400 1930,1


(Add.) Min. 12 1852,5 Min. 412 1932,5


Max. 287 1907,5 Max. 687 1987,5


Stop res. 299 1909,9 Stop res. 699 1989,9


V/VI


45 670,1 Start res. 700 810,1 670,1 Start res. 925 855,1


(Add.) Min. (V) 782 826,5 Min. (V) 1007 871,5


Min. (VI) 812 832,5 Min. (VI) 1037 877,5


Max. (VI) 837 837,5 Max. (VI) 1062 882,5


Max. (V) 862 842,5 Max. (V) 1087 887,5


Stop res. 924 854,9 Stop res. 1149 899,9


III


75 1525 Start res. 925 1710,0 1575 Start res. 1150 1805,0


Min. 937 1712,4 Min. 1162 1807,4


Max. 1288 1782,6 Max. 1513 1877,6


Stop res. 1299 1784,8 Stop res. 1524 1879,8


IV


60 1450 Start res. 1300 1710,0 1805 Start res. 1525 2110,0


Min. 1312 1712,4 Min. 1537 2112,4


Max. 1513 1752,6 Max. 1738 2152,6


Stop res. 1599 1769,8 Stop res. 1824 2169,8


IV


60 1390,1 Start res. 1600 1710,1 1745,1 Start res. 1825 2110,1


(Add.) Min. 1612 1712,5 Min. 1837 2112,5


Max. 1812 1752,5 Max. 2037 2152,5


Stop res. 1899 1769,9 Stop res. 2124 2169,9


VII


70 2120 Start res. 1900 2500,0 2195 Start res. 2125 2620,0


Min. 1912 2502,4 Min. 2137 2622,4


Max. 2238 2567,6 Max. 2463 2687,6


Stop res. 2249 2569,8 Stop res. 2474 2689,8


VII


70 2050,1 Start res. 2250 2500,1 2125,1 Start res. 2475 2620,1


(Add.) Min. 2262 2502,5 Min. 2487 2622,5


Max. 2587 2567,5 Max. 2812 2687,5


Stop res. 2599 2569,9 Stop res. 2824 2689,9


VIII


35 360 Start res. 2600 880,0 360 Start res. 2825 925,0


Min. 2612 882,4 Min. 2837 927,4


Max. 2763 912,6 Max. 2988 957,6


Stop res. 2774 914,8 Stop res. 2999 959,8


V/VI


45 0 Start res. 4050 810,0 0 Start res. 4275 855,0


Min. (V) 4132 826,4 Min. (V) 4357 871,4


Min. (VI) 4162 832,4 Min. (VI) 4387 877,4


Max. (VI) 4188 837,6 Max. (VI) 4413 882,6


Max. (V) 4233 846,6 Max. (V) 4458 891,6


Stop res. 4274 854,8 Stop res. 4499 899,8


IX


75 0 Start res. 8550 1710,0 0 Start res. 9025 1805,0


Min. 8762 1752,4 Min. 9237 1847,4


Max. 8912 1782,4 Max. 9387 1877,4


Stop res. 8924 1784,8 Stop res. 9399 1879,8


II


60 0 Start res. 9250 1850,0 0 Start res. 9650 1930,0


Min. 9262 1852,4 Min. 9662 1932,4


Max. 9538 1907,6 Max. 9938 1987,6


Stop res. 9549 1909,8 Stop res. 9949 1989,8


I


60 0 Start res. 9600 1920,0 0 Start res. 10550 2110,0


Min. 9612 1922,4 Min. 10562 2112,4


Max. 9888 1977,6 Max. 10838 2167,6


Stop res. 9899 1979,8 Stop res. 10849 2169,8





