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Introduction
In this contribution we discuss some issues related to channel numbers for E-UTRA. The agreement has been to use a channel raster of 100 kHz, which allows for spectrum flexibility. At the same time the numbering scheme should not be cumbersome for a terminal to handle and it should enable interworking with UTRA and GSM.
The proposal made in this contribution mainly intends to be a basis for discussion and to raise the issues related to channel numbering.

Background on band numbering

In the GSM specifications the channel numbers ARFCN are essentially allocated in sequence so that when a new band is defined the next available numbers are used for that band [1].

For UTRA the initial idea was to enumerate all available spectrum to simplify adding new bands. However there were problems with this approach:
· Since some bands have overlapping frequency ranges there is no simple way for a UE that detects a signal to know which band the signal belongs to.

· When handing over from GSM it is only possible to signal the carrier frequency, not the band. Thus when handing over from GSM into overlapping spectrum the UE has no way of determining the band.
When these drawbacks were discovered the channel numbering was redefined to give a unique mapping from channel number to band and frequency, with the exception of a few bands that were already deployed. This was accomplished by reusing some of the holes in the original numbering plan where no band had been defined.
We suggest for E-UTRA that the all available frequency raster points are given a unique number so that the EARFCN uniquely defines the band and the carrier frequency. However this time we suggest using a more straight forward numbering scheme.
Suggested band numbering scheme

For E-UTRA we note that there are specific needs that must be met.

Since it is possible to utilize different channel bandwidth for the up and the downlink the numbering scheme must allow for some flexibility in the duplex spacing. To achieve this, provisions must be made to signal both the uplink and the downlink frequency.
In order to reduce search times for a UE that starts from scratch it is necessary to reduce the number of valid raster points. One way to achieve this is to limit the number of valid points at the band edges.

Figure 1 shows different possibilities for allocating carriers to the spectrum near the band edge for FDD spectrum. We note that there are possible carriers located at 0.7, 1.5, 2.1, 2.5, 3.5, 4.5, 4.9 and 5 MHz from the band edge. Thus where there are 50 raster points only 8 are likely to be the center frequency of a carrier using this assumption. However it may be desirable to squeeze the carriers a little bit more together or leave some more room for guard between the carriers and thus the amount of used raster points will be higher.

[image: image1] 
Figure 1 – Channel allocation close to the band edge for FDD spectrum
In figure 2 the corresponding picture for TDD is shown. Here the center frequencies are located at 0.8, 1.6, 2.4, 2.5, 4, 4.8 and 5 MHz from the band edge. 


[image: image2]Figure 2 – Channel allocation close to the band edge for TDD spectrum
We suggest that the general numbering scheme used should enumerate all raster points starting 0.7 MHz from the band edge for FDD and 0.8 MHz for TDD. That way different carrier allocations can be accommodated. To limit the number of raster points that a UE has to search we suggest that limitations can be imposed in a per band manner so that only a subset of raster points are valid in a band.

We suggest that the channel number uniquely identifies band and frequency as well as mode, i.e. TDD or FDD for the downlink. This will likely simplify handovers from other systems. However for the uplink in FDD systems there is no need to identify band or mode since that is already done by the EARFCN for the downlink. Thus the uplink frequencies can simply be numbered sequentially starting from 0 for all bands, thereby also reducing the number of bits required for signaling.
Proposed numbering schemes

	Band 
	Frequency
	Range for n 

	1 Uplink
	Fc = 1920.7 + 0.1n
	0  n  586

	1 Downlink
	Fc = 2110.7 + 0.1n
	0  n  586

	2 Uplink
	Fc = 1850.7 + 0.1n
	0  n  586

	2 Downlink
	Fc = 1930.7 + 0.1(n-587)
	587  n  1173

	3 Uplink
	Fc = 1710.7 + 0.1n
	0  n  736

	3 Downlink
	Fc = 1805.7 + 0.1(n-1174)
	1174  n  1910

	4 Uplink
	Fc = 1710.7 + 0.1n
	0  n  436

	4 Downlink
	Fc = 2110.7 + 0.1(n-1911)
	1911  n  2347

	5 Uplink
	Fc = 824.7 + 0.1n
	0  n  236

	5 Downlink
	Fc = 869.7 + 0.1(n-2348)
	2348  n  2584

	6 Uplink
	Fc = 830.7 + 0.1n
	0  n  86

	6 Downlink
	Fc = 875.7 + 0.1(n-2585)
	2585  n  2671

	7 Uplink
	Fc = 2500.7 + 0.1n
	0  n  686

	7 Downlink
	Fc = 2620.7 + 0.1(n-2672)
	2672  n  3358

	8 Uplink
	Fc = 880.7 + 0.1n
	0  n  336

	8 Downlink
	Fc = 925.7 + 0.1(n-3359)
	3359  n  3695

	9 Uplink
	Fc = 1750.6 + 0.1n
	0  n  336

	9 Downlink
	Fc = 1845.6 + 0.1(n-3696)
	3696  n  4032

	10 Uplink
	Fc = 1710.7 + 0.1n
	0  n  586

	10 Downlink
	Fc = 2110.1 + 0.1(n-4033)
	4033  n  4619

	11 Uplink
	Fc = 1428.6 + 0.1n
	0  n  236

	11 Downlink
	Fc = 1476.6 + 0.1(n-4620)
	4620  n  4856

	33
	Fc = 1900.1 + 0.8(n-4857)
	4857  n  5041

	34
	Fc = 2010.1 + 0.8(n-5042)
	5042 n  5176

	35
	Fc = 1850.1 + 0.8(n-5177)
	5177  n  5761

	36
	Fc = 1930.1 + 0.8(n-5762)
	5762  n  6346

	37
	Fc = 1910.1 + 0.8(n-6347)
	6347  n  6532

	38
	Fc = 2570.1 + 0.8(n-6532)
	6532  n  7016
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