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1. Introduction

This the purpose of this document is to raise some open issues regarding GSM to UMTS handover measurements. A short introduction to UMTS cell identification and CPICH Ec/No measurements is given in order to describe the "nature" of those procedures. Furthermore, some proposals are given. 

2. Identification of UMTS neighbor cells

RXLEV is measured for all GSM cells in the neighbor list in every reporting period (480ms). The MS reports RXLEV of the 6 strongest cells where the BSIC is decoded. If a new cell is among the 6 strongest, the MS shall try to synchronize and decode the BSIC of that cell [1]. It means that the MS first prioritizes the cells using the measurement result and then synchronize to the highest prioritized cells. This approach is not possible for the UMTS measurements. In order to measure CPICH Ec/No (FDD) it is necessary to be synchronized to the cell, i.e. the scrambling code and code timing must be acquired. 

The first step in the UMTS cell identification is the cell selection. The primary synchronization channel (P-SCH) is used for that purpose. On the P-SCH the same primary synchronization code (PSC) is transmitted in all slots for all cells in the network. If a PSC matched filter is used, it is possible to identify the slot timing of the strongest cells. Each significant multipath component will appear as a peak at the matched filter output, as illustrated in Figure 1. The MS then tries to acquire the scrambling code number and the code phase for each peak using the secondary synchronization channel (S-SCH) and the common pilot channel (CPICH). The strongest cell(s) will most probably be identified first if the peaks are sorted by their size. 

A number of consecutive idle frames are used for the UMTS cell identification, as illustrated in Figure 2. A period of minimum 5 consecutive idle frames is required for identification of the strongest UMTS cell on a certain frequency.  If more than the strongest cell should be identified, the search time increases. It is most efficient to identify all the neighbors on one carrier frequency at a time. Furthermore, the total number of idle frames used for UMTS cell identification is minimized if one long continuous time period is allocated instead of many short periods. 

If information about the relative timing difference between the GSM multiframe of the serving cell and the first radio frame of the UMTS cell is available, then the UMTS cell identification can be speeded up. In best case the measurements can be performed directly and in worst case it does not help.

· What is the expected accuracy of GSM - UMTS timing difference information?
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Figure 1. Primary synchronization code matched filter output. 
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Figure 2.  UMTS cell identification.

3. CPICH Ec/No measurements

The measurement quantity CPICH Ec/No refers to the received energy per chip for the CPICH divided by the power spectral density of the total received signal. The energy of all significant multipaths is summed in order to obtain Ec. Furthermore, if downlink transmission diversity is applied in a cell, the energy from both CPICH signals should be added. The No term is simply the RSSI [3]. 

· The usage of DL Tx diversity should be indicated in the neighbor list – one bit per UMTS cell like in UMTS mode.
· CPICH Ec/No is the quantity to measure - not SIR!
It is assumed, that the CPICH Ec/No measurements are performed in the GSM idle frames. There are only 4 idle frames per reporting period, which means that a reported Ec/No value is an average of  between 0 and 4 measurement samples, dependent on the current GSM activity in the idle frames. 

· What is the minimum number of measurement samples used to calculate the reported Ec/No value? (It is not possible to report the number of samples!)
The number of measurement samples obtainable per UMTS cell per reporting period is also dependent on the number of UMTS cells to measure. If the MS is able to measure more than one UMTS cell per idle frame, the reported measurement results will obviously be more reliable. However, the complexity of the MS increases. 

· Should the MS be able to measure more than one UMTS cell on the same frequency per idle frame? If yes, how many?
It is not always possible to make UMTS measurements due to lack of free idle frames or no UMTS cells have been identified. 

· What should be reported when no UMTS measurements are performed? 

· How long time are the measurement values valid?

4. Scheduling of UMTS measurements

The scheduling of the UMTS measurements (cell identification and Ec/No measurements) is a difficult topic due to the dynamic behaviour of the time resource, i.e. the number of free idle frames. There should of course be a certain degree of freedom for the manufacturers to implement own solutions. However, it should also be ensured that the behaviour of multi system MSs from different manufacturers do not differ too much. That is achieved by specifying relevant test cases. 

Two extreme approaches for scheduling the UMTS cell identification and Ec/No measurements are:

1. Use nearly all time for identifying new UMTS cells and measure only the strongest cell.

2. Use little time for cell identification and spend nearly all time for the measurements.

The first approach has the advantage that in very rapid changing environments (e.g. high speed movement) new UMTS cells are found very fast. However, a very limited number of cells can be measured due to the limited time devoted to this task.

The second approach works well in slow changing environments. Many cells can be measured and the accuracy will be better due to more measurement samples. However, the reaction time when new cells appear is obviously much slower.

The test case proposed in [2] Subsection 7.2 promotes the first approach, where fast reaction time is required. Therefore, it should be considered whether there should be also a test case promoting the second approach and that testes the measurement capabilities. 

· A test case is required in order to test the measurement capabilities of the MS and not only the UMTS cell identification reaction time. 

5. Summary

· What is the expected accuracy of GSM - UMTS timing difference information?

· What is the minimum number of samples required for one CPICH Ec/No value to report?

· Should the MS be able to measure on more than one UMTS cell per idle frame?

· What is reported when no UMTS measurements are performed?

· How long time is the measurement results valid?

· Test case that testes the measurement capabilities and not only the reaction time for new UMTS cells is needed!

· CPICH Ec/No is the quantity to measure – not SIR (is this WG4 decision?)

· One bit indication of downlink transmission diversity is needed for each UMTS neighbor
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