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1. Introduction

To support 2x5MHz UMTS deployment in PCS band, a 100KHz raster-offset for WCDMA carriers in 1900MHz band has been proposed and agreed in principle in the RAN 4 UMTS1800/1900 ad hoc meeting [1]. However, it does not quite align with the suggestion of last RAN2 and RAN4 joint meeting in Berlin [2], which proposed to add new channel numbers to the required location for 2x5MHz deployment in order to avoid any potential signaling change in the future. In addition, it also reduces the risk of loss of GSM capacity in coordinated deployment case. This paper intends to discuss RAN2 and RAN4 joint meeting’s suggestion and possible options in detail. Finally, a preferred option is proposed for acceptance. 

2. Raster offset with 2x5 and 2x10MHz deployment

2.1. background

Because a 5MHz PCS licensed band edges coincide with the currently defined channel raster locations, the center frequency of a 5MHz WCDMA carrier cannot align with the center frequency of the bands (2.5 MHz from either band edge) as the present channel raster occurs at 2.4 and 2.6MHz from the band edges. This means that the WCDMA carrier cannot be centered in the band and will be off-center by 100 KHz. In order to reduce the interference with neighbor band in this potential deployment scenario, a channel location with 100KHz offset from present raster is required to align WCDMA carrier in the center of a 5MHz band. Currently, 5MHz bands are D, E, F, C3, C4 and C5 on PCS spectrum.  

However, this requirement will only be valid and necessary if both of following conditions are met [3]:

1. licensed band width = 5MHz (<5.1MHz)

2. licensed band division at existing raster locations

If either of these conditions is not met, e.g. licensed bandwidth is larger than or equal to 5.1MHz or the band is divided in the middle of two existing raster locations, this alignment requirement will not be valid. 

2.2. suggestions from joint ran2 and ran4 meeting

The raster issue for 2x5MHz deployment has been discussed in the RAN2 and RAN4 joint meeting in Berlin. The following is a summary of the discussion and suggestions from the meeting:

· In IMT-2000 spectrum, band overlapping could occur in some countries or regions. The specification should not impose any constraint on future spectrum licensing.
· It is RAN4’s responsibility to map channel number to carrier frequency
· New channel locations could be added to the existing channel raster with correspondingly new channel numbers.
· New channel numbers are from currently unused channel number pool. Total channel numbers shall not exceed the maximum allowed channel numbers
· No extra signaling should be required to indicate different channel raster 

2.3. Possible Options/solutions for supporting 2x5Mhz deployment

Based on the suggestions listed in Section 2.2, 3 possible options are available to resolve the 2x5MHz-deployment issue. They are:

Option 1:
Add 300 new channels to existing raster in PCS band. This results in a 100KHz raster spacing.

This option provides the most flexibility for operators and does not impose any constraints due to spectrum licensing. However, the major disadvantage is that the power up scanning time is increased by 100% when UE powers on for the first time in a new service region.

Option 2: 
Redefine existing channel raster with 100KHz offset

The main advantage of this option is ease of specification and implementation. However, it has the potential to cause problems in the future.  Because existing GSM channel location can not be changed, shifting only the WCDMA channel raster by 100KHz could, in the future, cause ambiguity in the channel number-to-frequency mapping when two bands overlap. For example, if a channel # N is in PCS band, its frequency can be f0 for GSM and f0 +/-100KHz for WCDMA. If UE is in a region with frequency overlapped with PCS band, f0 can mean either GSM or WCDMA channels. It is impossible for UE to figure out which network it needs to search.

Another disadvantage of this option has to do with 2X10 MHz deployments. In order to minimize the interference from other uncoordinated cell sites, WCDMA and GSM carriers may be deployed within a 2x10MHz spectrum such that the WCDMA carrier is placed in the middle of the licensed band and GSM carriers are placed on either side of the WCDMA carrier. Please refer to Figure 1 for channel arrangement. 
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Figure 1 . One WCDMA carrier in 2x10MHz deployment surrounded by GSM carriers

Without a permanent raster offset (i.e. the current raster), a 10MHz band can accommodate one WCDMA channel and 24 GSM channel (12 channels at each side of WCDMA carrier) if minimum WCDMA to GSM channel spacing is 2.6MHz. In contrast, with a 100KHz raster-offset (as required by this option), the WCDMA carrier cannot be located in the center of a 10MHz band. Further, since the GSM channel raster cannot be shifted (together with WCDMA channel raster), one GSM carrier could be lost as the result of overlapping with the shifted WCDMA carrier. Please see Figure 1 upper diagram for reference. The 100 KHz-shifted WCDMA carrier will overlap with the first available - unshifted - GSM carrier in the direction of the raster shift. In order to maintain sufficient separation and avoid unnecessary interference between WCDMA and GSM, only 11 GSM channels can be supported on the side of the raster shift, instead of 12 GSM channels as is the case without a raster shift.

Option 3: 
Add adequate number of new channel locations to existing raster to fully support 2x5MHz deployment in PCS band

In this option, only 12 new channel numbers are added to the existing channel raster. These new channel locations will be added in the center of each possible 5MHz licensed band now and future. Please reference to R4-0101011 “Information on North America PCS Band and Band Partition” [3] for detail. This option can fully resolve the issue of 2x5MHz-deployment support in PCS band and will increase the power up scanning time by only 4%. The option also takes into account possible future band partitioning in the PCS band and is a future-proof solution. 

Table 1 summaries the pros and cons of these 3 options.

Table 1. Summary of Pros and Cons of the Options

Option
Pros
Cons

1
· No constraint for licensed band partition

· No channel numbering ambiguity for future-proof standard

· Reduce potential capacity loss on GSM system

· Easy to define and implement
· Increases UE power up scanning time by 100%

· Unnecessarily consumes too many channel numbers

2
· Fast to specify and easy to implement
· Each channel # stands for 2 frequencies’ locations. UE needs to do channel # interpretation. 

· When operate in overlapped band, it causes channel numbering ambiguity

· If 5MHz band starts in the middle of 2 raster locations, WCDMA carrier can not align with band center again. This imposes a new limit for licensing 

· May potentially loss one GSM channel when deployed in 2x10MHz band coordinated with GSM1900 system 

3
· No constraint to international spectrum licensing plan

· No channel # ambiguity in the future standard

· No potential GSM capacity loss
· Increase power-up scanning time by 4%

· Impose a minor licensing constraint to PCS band only (unlikely happen)



3. Proposal

Based on the discussion in section 2, option 3 is proposed as the final solution of 2x5MHz WCDMA deployment support, because it:

· fully supports 2x5MHz deployment in the PCS band

· does not cause any standardization problems in the future

· increases power up scanning time by only 4%

· causes minimum change to existing specification 

The 12 new recommended raster locations are listed in Table 2:

Table 2. List of Center Frequencies of Current and Possible 2x5Mhz Bands

Possible 5 MHz Licensed Band
Uplink Center Frequency (MHz)
Downlink Center Frequency (MHz)

A1(
1852.5
1932.5

A2*
1857.5
1937.5

A3*
1862.5
1942.5

D
1867.5
1947.5

B1*
1872.5
1952.5

B2*
1877.5
1957.5

B3*
1882.5
1962.5

E
1887.5
1967.5

F
1892.5
1972.5

C1
1897.5
1977.5

C2
1902.5
1982.5

C3
1907.5
1987.5

4. Required action

Review and approve the proposal as the final solution for 2x5MHz support raster issue.

[1] 3GPP TSG RAN4 Tdoc, R4-1800ah-0103, “On the way forward to handle 2x5 MHz deployments in the UMTS 1900 band”, Ericsson

[2] 3GPP TSG RAN4 Tdoc, R4-011019, “Draft Report of the joint TSG-RAN WG2/WG4 meeting”

[3] 3GPP TSG RAN4 Tdoc, R4-011011, “Information on North America PCS Band and Band Partition”, AT&T Wireless Services, Cingular Wireless LLC.
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