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1 Introduction
The fixed channel raster of 200 kHz is used in UTRA system, which operates only on the 5 MHz channel bandwidth. With the 200 kHz channel raster, the center frequency can be adjusted with 200 kHz interval. Furthermore, for supporting 2x5 MHz WCDMA deployment, a number of additional centre frequencies are specified, which are located in the center of 5 MHz frequency blocks [1], [2].
In E-UTRA, various system bandwidths should be supported: 1.25, 2.5, 5, 10, 15 and 20 MHz. When developing the frequency numbering scheme and channel raster for E-UTRA, the differences on system bandwidth between UTRA and E-UTRA should be considered.
In RAN4 #40, it was proposed to investigate the feasibility of larger raster spacing than 100 kHz to facilitate a more efficient cell search [3]. In RAN4 #41, 125 kHz channel raster is proposed to be taken into account for a more flexible control of adjacent channel interference [4]. With such channel raster, much more frequency channel numbers will be needed, which will increase the UE power up scanning time. Furthermore,  using a channel raster which is different from that used in UTRA will cause the inconsistencies that are in the UTRA scheme for legacy reasons. 
To minimize the frequency channel numbers needed for E-UTRA, in this contribution investigation has been made on the suitable frequency number scheme and channel raster for each kind of system bandwidth used in E-UTRA. 
2 Discussion
In this contribution, we give analysis on frequency numbering scheme and channel raster issue for each system bandwidth respectively. In [5] it is proposed not to consider system bandwidths lower than 5MHz in frequency bands I, VI, VII and IX, and then there will be no 1.25 MHz and 2.5 MHz deployment on frequency bands I, VI, VII and IX, so we give the analysis for system bandwidths not lower than 5 MHz and those lower than 5 MHz respectively.
2.1 System bandwidths not lower than 5 MHz

Since the system bandwidths not lower than 5 MHz should be supported for all frequency bands, the frequency number scheme and channel raster issue for system bandwidth not lower than 5 MHz should be considered for all the frequency bands.
· 5 MHz system bandwidth:

For system bandwidth of 5 MHz, we can show the center frequency location with 200 kHz channel raster in Figure 1. It should be noted that the edge of 5 MHz band should have 100 kHz offset to the channel raster locations considering the 200 kHz GSM system bandwidth.
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Figure 1: Center frequency for system bandwidth of 5 MHz
In the above figure, it is obvious that the 5 MHz band center could be mapped on the 200 kHz channel raster locations. Furthermore, with the frequency band center provided by the 200 kHz channel raster, the provided flexibility also allows operators to shift their assigned carriers and control adjacent channel interference as that does in UTRA.
So the frequency numbering scheme and the 200 kHz frequency raster could still be used for 5 MHz bandwidth in E-UTRA.

· 10 MHz system bandwidth:

Figure 2 shows the 10 MHz system bandwidth center if the band edge is located on the position having 100 kHz offset to the channel raster locations.
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Figure 2: Center frequency for system bandwidth of 10 MHz

So if we still use the 200 kHz channel raster for the 10 MHz system bandwidth in E-UTRA, the center frequency of the 10 MHz band would not be mapped to the 200 kHz channel raster locations.
To let UE could find the center of 10 MHz frequency band, a simple solution could be using 100 kHz channel raster rather than 200 kHz. With 100 kHz channel raster, there will be no constraint for licensed band partition and it is also easy to define and implement. However, the channel numbers needed for 100 kHz channel raster will be doubled, which unnecessarily consumes too many channel numbers. Furthermore, UE power up scanning time will also be increased 100%. 
To reduce the frequency channel numbers needed for the 10 MHz system bandwidth induced by 100 kHz channel raster, an alternative solution is given in this contribution:
· The 200 kHz channel raster is still kept in E-UTRA;

· Specify some additional centre frequencies for 10 MHz system bandwidth which are shifted 100 kHz relative to the general raster. The exact number of such center frequencies needed be specified may depends on the possible deployments of 10 MHz E-UTRA band by operators.

For example, such additional center frequencies in frequency band I could be given in Table 1. It should be noted in this example, we assume 5 MHz granularity will be used for frequency band allocation among GSM, UTRAN and E-UTRA system.
Table 1: Example of additional center frequencies (frequency channel numbers) in band I
	Band
	UPLINK (UL)

UE transmit, Node B receive
	DOWNLINK (DL)

UE receive, Node B transmit

	
	Carrier frequency [MHz]

(FUL)
	Carrier frequency [MHz]

(FDL)

	I
	1924.9, 1929.9, 1934.9, 1939.9, 1944.9, 1949.9, 1954.9, 1959.9, 1964.9, 1969.9, 1974.9
	2114.9, 2119.9, 2124.9, 2129.9, 2134.9, 2139.9, 2144.9, 2149.9, 2154.9, 2159.9, 2164.9


In the above figure, we can see that only 11 additional frequency channel numbers are added.

The benefits of the above solution would be relatively small increase of power-up scanning time and avoiding unnecessary channel numbers consumption. Furthermore, keeping the current used 200 kHz channel raster in UTRA could avoid the inconsistencies that are in the UTRA scheme for legacy reasons.
The drawback of the proposed solution is that the flexibility of center frequency location will be reduced by some specified center frequencies, by which the control on adjacent channel interference with shifting the assigned carriers may be reduced. So it should be further evaluated how much such adjacent channel interference control could be got with assigned carrier shifting to decide whether the proposed solution could be acceptable.
· 15 MHz system bandwidth:

For 15 MHz system bandwidth, same frequency number scheme and channel raster could be used as those used for 5 MHz system bandwidth, since the channel raster granularity needed for 15 MHz system bandwidth is larger than or equal to that for 5 MHz system bandwidth.
· 20 MHz system bandwidth:

For 20 MHz system bandwidth, same frequency number scheme and channel raster could be used as those used for 10 MHz system bandwidth, since the channel raster granularity needed for 20 MHz system bandwidth is larger than or equal to that for 10 MHz system bandwidth.
2.2 System bandwidths lower than 5 MHz

Since it is proposed not to consider system bandwidths lower than 5MHz in frequency bands I, VI, VII and IX [5], so the frequency number scheme and channel raster for system bandwidth lower than 5 MHz should considered only on frequency bands II, III, IV, V and VIII.
· 1.25 MHz system bandwidth:

In figure 3, we give some possible center frequencies for system bandwidth of 1.25 MHz. In the figure, we assume 1.25 MHz E-UTRA frequency band are surrounded by some GSM bands to see the suitable locations for the center frequencies.
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Figure 3: Possible locations of Center frequency for system bandwidth of 1.25 MHz

In the above figure we can see, for system bandwidth as 1.25 MHz, the center frequencies cannot be mapped on the channel raster locations of both 200 kHz and 100 kHz. So reduce the 200 kHz channel raster to 100 kHz channel raster will not benefit for system bandwidth of 1.25 MHz. Of course, some smaller channel raster like 25 kHz can mask the frequency center mapped on the channel raster locations, but the UE power up scanning time will increase about 700%.

So one solution could be keeping the current 200 kHz channel raster in UTRA, and specifying some additional center frequencies with 75 kHz offset and 25 kHz offset to the channel raster in the frequency bands II, III, IV, V and VIII. The benefits of such solution are very small increase of power-up scanning time and avoiding unnecessary channel numbers consumption. Furthermore, this solution could also avoid the inconsistencies that are in the UTRA scheme for legacy reasons.
For example, such additional center frequencies in frequency band V could be given in Table 2. 

Table 2: Example of additional center frequencies (frequency channel numbers) in band V
	Band
	UPLINK (UL)

UE transmit, Node B receive
	DOWNLINK (DL)

UE receive, Node B transmit

	
	Carrier frequency [MHz]

(FUL)
	Carrier frequency [MHz]

(FDL)

	V
	824.525, 825.775, 827.025, 828.275, 829.525, 830.775, 832.025, 833.275, 834.525, 835.775, 837.025, 838.278, 839.525, 840.775, 842.025, 843.275, 844.525, 845.775, 847.025, 848.275
	869.525, 870.775, 872.025, 873.275, 874.525, 875.775, 877.025, 878.275, 879.525, 880.775, 882.025, 883.275, 884.525, 885.775, 887.025, 888.275, 889.525, 890.775, 892.025, 893.275


In the above figure, we can see that 20 additional frequency channel numbers are added.
If 100 kHz channel raster is specified for E-UTRA, similar additional center frequencies with 75 kHz offset and 25 kHz offset to the channel raster in the frequency bands II, III, IV, V and VIII could specified for system bandwidth of 1.25 MHz.
· 2.5 MHz system bandwidth:

In figure 4, we give some possible center frequencies for system bandwidth of 2.5 MHz. In the figure, we also assume 2.5 MHz E-UTRA frequency band are surrounded by some GSM bands to see the suitable locations for the center frequencies.
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Figure 3: Possible locations of Center frequency for system bandwidth of 1.25 MHz

Similar as that for system bandwidth of 1.25 MHz, the center frequencies cannot be mapped on the channel raster locations of both 200 kHz and 100 kHz. So it is also not good to reduce the 200 kHz channel raster from 200 kHz to 100 kHz for system bandwidth of 2.5 MHz. Some smaller channel raster like 50 kHz can make the frequency center mapped on the channel raster locations, but the UE power up scanning time will increase about 300%.

So a solution could be keeping the current 200 kHz channel raster in UTRA, and specifying some additional center frequencies with +/-50 kHz offset to the channel raster in the frequency bands II, III, IV, V and VIII. The benefits of such solution are also very small increase of power-up scanning time and avoiding unnecessary channel numbers consumption. Furthermore, this solution could also avoid the inconsistencies that are in the UTRA scheme for legacy reasons.
For example, such additional center frequencies in frequency band V could be given in Table 3.

Table 3: Example of additional center frequencies (frequency channel numbers) in band V
	Band
	UPLINK (UL)

UE transmit, Node B receive
	DOWNLINK (DL)

UE receive, Node B transmit

	
	Carrier frequency [MHz]

(FUL)
	Carrier frequency [MHz]

(FDL)

	V
	825.15, 827.65, 830.15, 832.65, 835.15, 837.65, 840.15, 842.65, 845.15, 847.65
	870.15, 872.65, 875.15, 877.65, 880.15, 882.65, 885.15, 887.65, 890.15, 892.65


In the above figure, we can see that 10 additional frequency channel numbers are added.
If 100 kHz channel raster is specified for E-UTRA, similar additional center frequencies with 50kHz offs to the channel raster in the frequency bands II, III, IV, V and VIII could specified for system bandwidth of 2.5 MHz
· Summary:

For system bandwidth as 5 MHz and 15 MHz in E-UTRA, there is no problem for using the current frequency numbering scheme and channel raster in UTRA.

For system bandwidth as 10 MHz and 20 MHz in E-UTRA, the center frequencies cannot be mapped on the channel raster locations if we use the current frequency numbering scheme and channel raster in UTRA. Two solutions could be:

· Using 100 kHz channel raster;

· Keeping the current 200 kHz channel raster and specifying some additional centre frequencies for 10 MHz and 20 MHz system bandwidths in all the frequency bands (band I to band IX). The specified center frequencies are shifted 100 kHz relative to the general raster. 

For system bandwidth as 1.5 MHz and 2.5 MHz in E-UTRA, the center frequencies cannot be mapped on the channel raster locations of neither 200 kHz nor 100 kHz. Two solution could be:
· Keeping the current 200 kHz channel raster and specifying some additional center frequencies in the frequency bands II, III, IV, V and VIII for system bandwidth of 1.25 MHz and 2.5 MHz. The specified center frequencies for 1.25 MHz system bandwidth which are shifted 75 kHz or 25 kHz relative to the general raster and those for 2.5 MHz system bandwidth which are shifted +/- 50 kHz relative to the general raster.
· Using 100 kHz channel raster and specifying some additional center frequencies in the frequency bands II, III, IV, V and VIII for system bandwidth of 1.25 MHz and 2.5 MHz. The specified center frequencies for 1.25 MHz system bandwidth which are shifted 75 kHz or 25 kHz relative to the general raster and those for 2.5 MHz system bandwidth which are shifted 50 kHz relative to the general raster.

Two general frequency numbering scheme and channel raster options which are suitable for all the system bandwidth in E-UTRA could be:

· Option 1:

· Keeping the current 200 kHz channel raster;

· Specifying some additional centre frequencies for 10 MHz and 20 MHz system bandwidths in all the frequency bands (band I to band IX). The specified center frequencies are shifted 100 kHz relative to the general raster.

· Specifying some additional centre frequencies for 1.25 MHz and 2.5 MHz system bandwidths in all the frequency bands II, III, IV, V and VIII. The specified center frequencies for 1.25 MHz system bandwidth which are shifted 75 kHz or 25 kHz relative to the general raster and those for 2.5 MHz system bandwidth which are shifted +/- 50 kHz relative to the general raster.
· Option 2:

· Using 100 kHz channel raster;

· Specifying some additional centre frequencies for 1.25 MHz and 2.5 MHz system bandwidths in all the frequency bands II, III, IV, V and VIII. The specified center frequencies for 1.25 MHz system bandwidth which are shifted 75 kHz or 25 kHz relative to the general raster and those for 2.5 MHz system bandwidth which are shifted 50 kHz relative to the general raster.

Option 1 have more benefits considering a relative small increase of power-up scanning time and it can also avoid the unnecessary channel numbers consumption. Furthermore, keeping the current used 200 kHz channel raster in UTRA could avoid the inconsistencies that are in the UTRA scheme for legacy reasons.
But comparing option 2, the flexibility of center frequency location will be reduced by some specified center frequencies, by which the control on adjacent channel interference with shifting the assigned carriers may be reduced. 

Whether solution 1 or solution 2 will benefits more may depends on the flexibility needed for the deployment for 10 MHz and 20 MHz system band in E-UTRA and how much the benefit of such flexibility is considering the adjacent channel interference control with the assigned carriers shifting.
3 Conclusions
According to the above analysis, it is proposed to consider option 1 as a starting point for frequency numbering scheme and channel raster issue for E-UTRA. With this option, the current 200 kHz channel raster used in UTRA could still be used in E-UTRA, which can minimize the increase of UE power-up scanning time and keep the consistency that are in the UTRA scheme.
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