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1 Background

The first discussions on frequency raster and numbering were held at RAN4#40 in Tallinn. Through review of the UTRA raster and numbering scheme in [1] it was concluded that fundamentally the same scheme and principles can be re-used for LTE based on a 100 kHz raster. There are however some inconsistencies in the legacy UTRA scheme that could be removed. In [2], different possibilities to reduce the number of valid EARFCN
 on the raster are discussed. In a further contribution to RAN4#41 in Riga [3], a raster of 125 kHz was proposed based on requirements for the different RF bandwidths. No consensus on a raster was however reached at that meeting.
2 Frequency raster 

RAN4 defines the fundamental frequency raster and the numbering scheme for LTE (EARFCN) that identifies the valid RF carrier frequencies on the raster. In the presentations made to RAN4 in [1], [2] and [3], there seems to be a general agreement on some points:
1. The fundamental raster spacing has no direct relation to physical layer parameters such as subcarrier spacing.
2. Too small raster spacing increases UE complexity. The lower limit seems to be 100 kHz, which is the raster spacing of UTRA.
3. Dual mode UE implementation of E-UTRA and UTRA must be considered when selecting the fundamental raster spacing.

4. The number of “valid” carrier centre frequencies on the raster should be kept low, in order to reduce cell search time.

5. The set of valid carrier centre frequencies must meet varying operator requirements and accommodate different possible spectrum allocations, which may have regional and national variations.

For these reasons it is proposed that a fundamental raster spacing of 100 kHz is implemented for E-UTRA, i.e. valid uplink and downlink carrier centre positions can only be multiples of 100 kHz. As pointed out in item 4 above however, the number of valid carrier centre frequencies on the raster should be kept low if possible. The number of valid carrier centre frequencies may vary with the RF carrier bandwidth as discussed in [2]. Since the RF bandwidth is not known by the UE at cell search, it will in reality be the number of valid carrier positions for the lowest RF bandwidth that sets the cell search performance. This should be kept in mind when setting the allowed RF bandwidths for the different operating bands.
As shown in Figure 1, the RF carrier centre is defined as the position of the DC subcarrier in the downlink. For the uplink it is defined as the centre point of the RF bandwidth, which is the centre point of the uplink resource blocks supported in that bandwidth. In the default case when the RF bandwidth is the same for the BS and UE, the following will hold:
· Downlink carrier centre will be the same for BS and UE, FDL(BS) = FDL(UE).

· Uplink carrier centre will be the same for BS and UE, FU(BS) = FUL(UE).

The situation with different uplink RF bandwidths for UE and BS is discussed in Section ‎4.
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Figure 1 Definition of down- and uplink carrier frequencies
3 Frequency numbering

The details of the frequency numbering (EARFCN scheme) can be decided after the carrier raster is settled. A number of fundamental principles can however be laid down for the scheme, some of which were discussed in [1]: 

1. EARFCN should be defined independently for uplink and downlink
2. It should be possible to signal EARFCN separately for uplink and downlink, in order to support both fixed and variable duplex spacing. A relative signalling of duplex spacing is also a possibility for efficient encoding, but the details should be a RAN2 issue.

3. Each operating band should be defined with unique EARFCN ranges, also for frequency ranges that overlap between bands. This avoids ambiguities for inter-band and inter-RAT mobility.

4 Implications of different uplink RF bandwidths for UE and BS
RAN1 has informed RAN4 in [4] and [5] that the minimum UE receiver bandwidth capability is 20 MHz, while the minimum UE transmitter bandwidth capability is 10 MHz. This may in the general case lead to different uplink RF bandwidths for UE and BS. The example in Figure 2 is based on a BS that has a symmetric FDD allocation of e.g. 20 MHz, while the UE only has a smaller UE transmitter bandwidth capability of e.g. 10 MHz implemented. The uplink UE carrier centre FUL(UE) is in this general case not identical to the BS carrier centre FUL(BS), since there are several possibilities to assign the UE uplink bandwidth within the larger BS bandwidth. For the downlink, it is however still the case that FDL(UE) = FDL(BS).
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Figure 2 Definition of duplex offset when uplink and downlink RF bandwidths are different.
It is in this case necessary to define a duplex offset for the UE, which in Figure 2 is defined as FUL(UE) – FUL(BS). As shown in Annex A, there are some implications from the carrier raster on the duplex offset. For a 100 kHz raster, the duplex offset has to be a multiple of 900 kHz in order to match the UE and BS resource block allocations in the uplink. 

5 Proposal

It is proposed that the RF carrier raster with a fundamental spacing of 100 kHz is used for LTE. In addition, the number of valid carrier positions on the raster should be kept at a minimum for each RF carrier bandwidth supported by LTE.

6 References

[1]
"Frequency raster and channel numbering for LTE", R4-060876, Source: Ericsson, 3GPP RAN WG4 #40 Tallinn, Estonia, 28 August - 1 September, 2006.

[2]
"LTE channel raster considerations", R4-060750, Source: Siemens, 3GPP RAN WG4 #40 Tallinn, Estonia, 28 August - 1 September, 2006.

[3]
"Further LTE channel raster considerations", R4-061255, Source: Siemens, 3GPP RAN WG4 #41, Riga, Latvia, 6-10 November, 2006.

[4]
"LS on minimum receiver bandwidth capability (R1-063006)", R4-061109, Source: RAN1, 3GPP RAN WG4 #41, Riga, Latvia, 6-10 November, 2006.

[5]
"LS on minimum receiver bandwidth capability (R1-063599)", R4-070020, Source: RAN1, 3GPP RAN WG4 #42, St. Louis, Missouri, 12-16 February 2007.

Annex A. Different uplink RF bandwidths for UE and BS
Since the minimum UE receiver bandwidth capability is larger than the minimum UE transmitter bandwidth capability, there may be situations where uplink RF bandwidths of UE and BS are different. This is demonstrated in Figure 2, which also defines the duplex offset as FUL(UE) – FUL(BS). The case of highest interest is a BS with 20 MHz in uplink and downlink, to which a UE is connected with a 10 MHz transmitter bandwidth capability. It is assumed here that the BS carrier consists of 100 resource blocks, while the UE supports up to 50 resource blocks in the uplink. 

Assuming a 100 kHz frequency raster, there will be some restrictions on the duplex offset as demonstrated in Figure 3. Because of the raster, the duplex spacing has to be a multiple of 100 kHz, but it also has to be a multiple of the resource block size 180 kHz in order for UE and BS uplink resource block to match. Since the least common multiple of 100 and 180 is 900, the implication is that the duplex offset has to be a multiple of 900 kHz.
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Figure 3 Possible uplink UE carrier positions on a 100 kHz raster

The general case is demonstrated in Figure 4, which shows the possible duplex offset and corresponding FUL(UE) positions for a 10 MHz transmitter bandwidth capable UE on a 20 MHz uplink BS carrier. The duplex spacing has to be a multiple of 900 kHz up to a maximum of +/-4.5 MHz. The two extreme values correspond to the UE carrier positioned on the complete left half and right half of the BS carrier respectively.
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Figure 4 Uplink raster and duplex offset, 10 MHz uplink UE on a 20 MHz BS carrier

� The abbreviation EARFCN = E-UTRA Absolute Radio Frequency Channel Number is introduced in [2].
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