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1. Introduction

The study item of Scalable UMTS was approved in RAN#58 meeting for allowing a more efficient spectrum allocation and usage for UMTS FDD[1]. 
Considering serveral reduced bandwidth (½ or ¼ of the legacy carrier bandwidth) are introduced for deploying S-UMTS, some impact will be introduced on the UE side, especially on frequency scanning and cell search. This paper discusses the impact of S-UMTS on the physical layer procedures on UE side, and some potential solutions are also illustrated.
2. Impact of the S-UMTS on the physical layer procedure
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Fig. 1 The frequency scanning procedure in Legacy UMTS

As illustrated in Fig. 1, in legacy UMTS, when the UE powers on, it shall scan the possible frequency band and search for the centre frequency of 5MHZ bandwidth which are deployed with legacy UMTS. Then on these centre frequencies the UE does the cell search and synchronization. This could be a time exhausting operation. In general, the UE can search out some general range of frequency which has detectable power density based on the RSSI measurements. Then inside these range of frequency, based on the prior knowledge of 5MHZ bandwidth of legacy UMTS, the UE does the centre frequency scanning through the P-SCH based power detection. There are a lot of implementation related optimizations here for accelerating this procedure.
While the reduced bandwidth for S-UMTS is introduced, the possible bandwidths could be 1, 1/2 and 1/4 of the legacy 5MHz. As illustrated in Fig. 2, after the RSSI based search, the UE does not have the prior knowledge of bandwidth for possible UMTS, so the P-SCH detection based centre frequency scanning could be only applied respectively under the assumption of 1, 1/2 and 1/4 legacy bandwidth. This will increase the used time for the frequency scanning and cell search procedure.
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Fig. 2 The frequency scanning while scalable S-UMTS is introduced

3.  Considerations for the frequency scanning issues

In this section, we give some potential solutions for accelerating the frequency scanning and cell search procedure. We investigate the solutions respectively for the standalone and non-standalone S-UMTS.
3.1 Frequency scanning for the standalone S-UMTS

Standalone mode of S-UMTS should exist alone without the assisting from the legacy UMTS. For accelerating the frequency scanning and cell search procedure, some solutions or directions could be considered.
3.1.1 Restricted S-UMTS frequency deployment
One method of accelerating the frequency scanning and bandwidth detection for the S-UMTS could be based on some pre-defined deployment rules or deployment rules on the S-UMTS, such as associating the bandwidth with the centre frequency. For example, a new Table 5.1B could be introduced in TS 25.101[3] to include all the centre frequencies which is possible for S-UMTS deployment. Considering the table 5.1A has already been introduced for additional frequency channels definitions in current standard, this new table for defining the possible frequency channels for S-UMTS should be reasonable.

This will significantly reduce the time used for frequency channel search for S-UMTS because the UE just needs to scan some specific frequencies. 
3.1.2 Optimization based on neighbor cell list from legacy carrier
When the S-UMTS is introduced, the difficulty for frequency scanning is the lack of prior knowledge for the bandwidth during the P-SCH detection stage. 
However, some optimization could be done here. As illustrated in Fig. 3, while deploying the S-UMTS, if there is legacy UMTS deployed in the neighboring area, the cell information for the S-UMTS cell could be included into the cell info list broadcasted by the legacy cell. On UE side, it could just firstly do the P-SCH based frequency scanning under the assumption of legacy bandwidth. Once the UE finds out a carrier with legacy UMTS, it can just stop the frequency scanning and obtain the cell info list from the BCH channel in the legacy UMTS cell. If there is S-UMTS carrier deployed in the neighboring area of the legacy UMTS, the information for the S-UMTS carrier should have already been included in the cell info list of the legacy cell. Therefore, the UE could get the knowledge of S-UMTS cell just by extracting the cell info list in the legacy cell. This will significantly reduce the frequency scanning time for the standalone S-UMTS in most cases.
Some variations could be considered here. For example, when finding out a legacy carrier, the UE can just read the BCH but does not initiate the RACH procedure. Based on cell info list on legacy cell, the UE measures S-UMTS frequency and then choose a better carrier to camp on. However, this is very closely related to the UE implementation. Some other implementation could be used.
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Fig. 3 frequency scanning optimization for S-UMTS based on neighbour cell info list from legacy carrier
3.2 Frequency scanning for the non-standalone S-UMTS

As we know that a non-standalone S-UMTS will always rely on a legacy UMTS. Therefore, the centre frequency scanning (includes bandwidth detection), cell search and synchronization can all be based on the legacy uplink and downlink UMTS. 

If a legacy UMTS is configured to be paired with a non-standalone S-UMTS, the legacy UMTS could convey the system information for the scalable UMTS such as centre frequency, bandwidth information and scrambling code on its BCH channel. Alternatively, this information can also be obtained from RRC signaling from RNC. The synchronization could also rely on the synchronized timing of the legacy UMTS.

Therefore, regarding to the non-standalone S-UMTS, not too much complexity and timing delay will be introduced for the frequency scanning, cell search and synchronization on the UE.
4. Conclusions
By using above methods, we can know that the introduction of the S-UMTS would have very limited impact on the time used for frequency scanning and cell search on UE side.
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