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1. Introduction

A SI on the introduction of flexible channel bandwidth was agreed in [1]. System acquisition (cell search) is listed as one of the objectives of this study item. In this paper we discuss this issue.
2. Discussion

System acquisition

System acquisition was described in some detail in [2] in the context of minimum carrier spacing for CA. As also shown in [2], system acquisition is generally performed by searching for “spectrum boxes” where an LTE system is located. Some probes are used to try to find the channel boundaries and establish EARFCN candidates where the UE searches for the synchronization signals. Figure 1 shows 2 possible spectrum shapes for a 10MHz and 20MHz systems. As long as the possible channel bandwidths are known, the UE can try different combinations during the search. 
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Figure 1. System acquisition with different channel bandwidth
In the flexible bandwidth study item it is proposed to use 2 LTE overlapping channels that in the end would create different channel bandwidths. This is depicted in Figure 2. In this case, cell acquisition is very difficult as the channel bandwidth is not known so the number of possibilities would be very large or infinite. Also, legacy UEs that search for “spectrum boxes” based on the legacy (Rel.8) channel bandwidths would not be able to acquire such a system since they would not be able to find a suitable “spectrum box”. It should be noted that even if legacy UEs would be able to find the box edges they would not be able to find the synchronization channels since these are not in the center of the channel.
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Figure 2. Spectrum shape with flexible bandwidth
Observation 1: Legacy UEs will not be able to acquire a system using flexible bandwidth based on the proposal from the study item. 
Even for UEs that would be aware of the flexible bandwidth, system acquisition would be a very complicated problem to solve. Since there are many possible channel bandwidths, the UE would have to try many possibilities and the system acquisition performance would be degraded. We would like to point out that initial system acquisition delay and power consumption in out of coverage are very important design criteria for the user experience. As such, this should be carefully considered in the context of introducing flexible system bandwidth. 

Observation 2: System acquisition performance with flexible bandwidth would be degraded even for UEs that are aware of channels with flexible bandwidth because of the large increase in number of candidates for search. 

Another option would be to search each EARFCN for the synchronization signals. This solution is not at all practical because of the very large number of possibilities. For example, Band 41 has 1940 possible EARFCNs. If 1s of search is assumed for each EARFCN, system acquisition could take more than 30 minutes just for this band. As UEs support multiple bands, system acquisition could extend to several hours. 

As shown above, cell acquisition is not practical if the channel bandwidth is not known by the UE. In order to avoid this problem one possibility would be to limit the channels used to create a flexible bandwidth system to SCells. In this case the UE would be signaled the system EARFCN and would not have to perform system acquisition.
Observation 3: If the flexible bandwidth system is used only as SCell then the problem of system acquisition can be bypassed.
3. Conclusion
In this paper we analysed the problem of system acquisition in the context of the flexible bandwidth SI agreed in [1]. Based on the analysis we made the following observations:
Observation 1: Legacy UEs will not be able to acquire a system using flexible bandwidth based on the proposal from the study item. 
Observation 2: System acquisition performance with flexible bandwidth would be degraded even for UEs that are aware of channels with flexible bandwidth because of the large increase in number of candidates for search. 

Observation 3: If the flexible bandwidth system is used only as SCell then the problem of system acquisition can be bypassed.
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