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Introduction

At the last WG4 meeting, a proposal on the carrier raster has been presented [1], showing that a more efficient selection of carrier center frequencies is possible than the plain 200kHz raster. This scheme has the following advantages: 

· Only 1/5 of the potential carrier frequencies (of a continuos 200kHz raster) are needed.

· There is sufficient flexibility to optimise ACP protection on different cell layers by allowing carrier spacings from 4.2 to 5.8 MHz which should be sufficient for all deployment scenarios.

· The scanning time for mobiles scanning for carriers is reduced by 80% allowing a corresponding saving of standby current in out of coverage and roaming scenarios.

· There is less overhead for coding channels for assignment, handover and neighbour lists.

· Better compatibility with 2nd generation systems due to less capacity requirements on their broadcast channels (for neighbour-list) and dedicated channels (for non-segmented handover command messages).

· Fastest synthesiser settling times and optimum GSM compatibility by sharing a synthesiser with 200kHz reference frequency.

A Liaison statement seeking guidance on the applicability of this scheme was sent to other groups [2] and a response has been received by CEPT ERC TG1 [3]. In this reply, due to time constraints, no definite answer could be given on the suitability of the formula, but several examples of spectrum allocations for different operators have been presented, for which the scheme should be investigated. Due to the fact, that the investigations could not be completed in CEPT ERC TG1, they propose to retain more flexibility, and only narrow down the flexibility at a later stage.

In this contribution we show, that the scheme is in deed suitable for the identified cases, but we also propose a generalisation of the carrier formula, to allow to trade in flexibility for efficiency by introducing an additional parameter of the number of subcarriers (Nc). We propose the number of subcarriers to be 5 as a starting point. 

Apart from the channel raster of 200 kHz, there is still no formula in the specifications, but we think it is important to provide at least a tentative text for such a basic parameter as soon as possible. 

Carrier formula

In [1] we have proposed a carrier formula, which is repeated here:

The carrier raster of 200 kHz is obviously not needed for such a dense carrier allocation but for fine-tuning of a carrier raster of basically 5MHz. It is therefore suggested to mirror exactly these requirements in the carrier definition formula:

Fc = F0 + 5 MHz * n + 200 kHz * k;            F0 = 1922.4 MHz (for FDD band); 

F0 is the first (nominal) carrier center frequency (the spectrum used by the first carrier would then extend down to about  1920 MHz i.e. the IMT paired band); n is an integer running from 0 to 11 for the paired band and describes the cannel, as if a regular 5MHz allocation was used, k is used to express a deviation from this regular scheme in steps of 200 kHz. k can be positive or negative, but will only cover a small range. As a baseline choice we propose -2 ( k ( 2.

Suitability of the carrier formula for the given examples

ERC TG1 has given several examples for which the carrier formula should be applicable. In the following sections we will show, that this is in deed the case for the presented formula: 

Example 1: 4 operators, 2 x 15 MHz each

In [3] it is already concluded, that this case can be covered by the proposed formula

Example 2: 4 operators in 2 x 59.45 MHz, giving 2 x 14.8 MHz per each operator


This means, that the first and last carriers are moved 400 kHz to the center of the UMTS band to reduce the total bandwidth from 4*15 to 4*14.8 MHz.

In the following table we present an example of a carrier allocation which is consistent with the proposed formula and fulfils the requirements, i.e. gives more spacing between operators, medium spacing for inter layer borders and less spacing for cells on the same layer.

The Table shows proposed values for k for each basic carrier n, the corresponding carrier center frequency Fc, the Spacing from the preceding carrier, the operator which will use this carrier, and a comment to the carrier spacing.

n
k
Fc in MHz
Spacing
Operator
Comment

0
2
1922,8

1
first carrier moved into the band

1
-1
1927,2
4,4
1
tight spacing for same cell layer

2
-1
1932,2
5
1


3
2
1937,8
5,6
2
more spacing between operators

4
-1
1942,2
4,4
2
tight spacing for same cell layer

5
-1
1947,2
5
2


6
1
1952,6
5,4
3
more spacing between operators

7
1
1957,6
5
3


8
-2
1962
4,4
3
tight spacing for same cell layer

9
1
1967,6
5,6
4
more spacing between operators

10
1
1972,6
5
4


11
-2
1977
4,4
4
last carrier moved into the band, tight spacing for same cell layer

Example 3: 3 operators, 2 x 20 MHz

Again the requirements can be met, we give examples for operators using only a single layer or HCS with different number of cells in the different layers, we also take guard bands into account.

n
k
Fc in MHz
Spacing
operator
comment

0
1
1922,6

1
first carrier moved into the band

1
0
1927,4
4,8
1
Operator not using HCS

2
-1
1932,2
4,8
1


3
-2
1937
4,8
1


4
1
1942,6
5,6
2
more spacing between operators

5
-1
1947,2
4,6
2
This operator uses HCS 2+2

6
0
1952,4
5,2
2
more spacing between layers

7
-2
1957
4,6
2


8
1
1962,6
5,6
3
more spacing between operators

9
0
1967,4
4,8
3
This operator uses HCS 3+1

10
-1
1972,2
4,8
3


11
-1
1977,2
5
3
last carrier moved into the band, higher spacing for umbrella cell

Example 4: 5 operators, 4 x 2 x 10 MHz and 1 x 2 x 20 MHz

Again the requirements can be met, we give an example for HCS with 3 and 1 frequencies in the two layers,  but the other cases would work in the same way as shown in Example 3. We also take guard bands into account.

n
k
Fc in MHz
Spacing
Operator
Comment

0
1
1922,6

1
first carrier moved into the band

1
-1
1927,2
4,6
1
tight spacing for same operator

2
1
1932,6
5,4
2
more spacing between operators

3
-1
1937,2
4,6
2
tight spacing for same operator

4
1
1942,6
5,4
3
more spacing between operators

5
-1
1947,2
4,6
3
tight spacing for same operator

6
1
1952,6
5,4
4
more spacing between operators

7
-1
1957,2
4,6
4
tight spacing for same operator

8
1
1962,6
5,4
5
more spacing between operators

9
0
1967,4
4,8
5
This operator uses HCS 3+1

10
-1
1972,2
4,8
5
as an example

11
-1
1977,2
5
5
Last carrier moved into the band, higher spacing for umbrella cell

Example 5:
2 x 40 MHz somewhere in the IMT-2000 paired band

Also a large frequency allocation, including e.g. HCS can be accommodated.

n
k
Fc in MHz
Spacing
Operator
Comment

0
-
-


not used

1
2
1927,8

1
tight spacing for same operator

2
1
1932,6
4,8
1
tight spacing for same cell layer

3
-1
1937,2
4,6
1
tight spacing for same cell layer

4
1
1942,6
5,4
1
more spacing between layers

5
0
1947,4
4,8
1
tight spacing for same cell layer

6
-1
1952,2
4,8
1
tight spacing for same cell layer

7
-1
1957,2
5
1
tight spacing for same cell layer

8
-2
1962
4,8
1
more spacing to neighbouring services

9
-



not used

10
-



not used

11
-



not used

Concluding on these examples, we can see that sensible frequency allocations can be found for various cases.

Positioning of the underlying 200 kHz raster

For the 200 kHz raster CEPT ERC TG1 supports an integer 200 kHz raster (not shifted by a non integer fraction of 200 kHz), which is in line with the proposal given in [1]. However, from a spectrum utilisation point of view, they suggest that a smaller raster, e.g. 100 kHz, would give better results. As such a change would have a serious impact on both synthesizer design and search and standby times, it is not suggested to challenge this working assumption.

Proposed generalisation of the carrier formula

TG1 suggested to be prepared for possible requirements for more flexibility that might become apparent during the specification of the standard. Therefore we propose a generalisation of the original carrier formula presented. 

In particular, we propose to introduce the number of carriers in the 200 kHz subraster as a parameter, called Nc. The selection of -2 ( k ( 2 would then correspond to Nc=5 as there are 5 possible carriers around the basic carrier in the 5 MHz raster. Increasing Nc trades in efficiency for flexibility. 

Conclusion

It has been shown, that the  carrier-frequency formula for UTRAN as proposed in [1] is suitable for several examples of possible frequency allocations. In order to be able to provide extra flexibility in case this should become necessary for the standard, the formula has been modified to allow to trade in efficiency for flexibility. The formula supports all the necessary freedom for efficient carrier allocation but avoids overhead associated with a plain 200 kHz raster. In particular, the scanning time is reduced, standby times are improved and channels can be coded more efficiently. 

It is therefore suggested to include the following definition into the specification. 

Text Proposal

The following text proposal is suggested for [4] and [5]. These chapters are already referenced in the BS specifications, so no explicit changes are necessary there. For ease of presentation, both FDD and TDD are addressed in this text proposal, of course the editors should only select the relevant line of the table.

5.4.3
Channel number

The carrier center frequency is designated by the UTRA absolute radio frequency channel number (UARFCN). The carrier center frequency Fc can then be calculated as follows:
n = UARFCN div Nc
k = (UARFCN mod  5) – (Nc div 2)
Fc = F0 + Fs  * n + 200 kHz * k

The first nominal center frequency F0, the nominal carrier spacing Fs and the number of carriers in the subraster Nc depend on the used chiprate and the frequency band:

Frequency Band
Chip Rate
first nominal center frequency F0
nominal carrier spacing Fs
Number of carriers in the subraster Nc

paired IMT2000 band
[4.096 Mcps]
[1922.4 MHz]
[5 MHz]
[5]

unpaired IMT2000 band
[4.096 Mcps]
[1902.4 MHz]
[5 MHz]
[5]

[TBD]
[TBD Mcps]
[TBD]
[TBD]
[TBD]

This carrier allocation allows efficient coding, efficient initial synchronization and efficient tuning of adjacent channel protection.
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