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1. Introduction

In order to support mobility between GSM and E-UTRAN, mobility related measurements should be taken on neighbour cells of E-UTRAN when a terminal is served by GSM. With a single radio approach, measurements on E-UTRAN neighbour cells should only be performed during the slots that a terminal is not transmitting or receiving on GSM.
This contribution discusses how measurements on E-UTRAN neighbour cells can be scheduled and carried out within the GSM slot/frame structure. The analysis concludes that handover related measurement can be performed on E-UTRAN neighbour cells without interrupting GSM voice service.  
2. E-UTRAN cell identification and measurement
In order to perform neighbour cell measurement, an E-UTRAN cell needs to be acquired and identified first. Figure 1 outlines the generic frame structure (Type 1), where the Primary Synchronisation Channel (P-SCH) and Secondary Synchronisation Channel (S-SCH) are transmitted 2 times per radio frame in its 1st and 6th subframes (subframes 0 and 5). The Primary Synchronization Signal (PSS) and Secondary Synchronisation Signal (SSS) are time multiplexed on the 7th and 6th OFDM symbols, respectively. For initial cell search, 5ms timing is first identified using the P-SCH, with its code sequence indicating 1 of the 3 pre-defined orthogonal sequences. Second, radio frame timing is identified using the S-SCH, with its code sequence also indicating 1 of the 170 group ID/PN sequences.
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Figure 1: E-TRAN P/S-SCH and RS for measurements purposes

At least measurements of Reference Symbol Received Power (RSRP) are needed for E-UTRAN handover and cell reselection. Measurements of RSRP need to be taken on cell specific RS. Figure 1 also shows the minimum set of available RS for measurements. Two sets of RS, 1st downlink (DL) RS (RS0) and 2nd downlink RS (RS1), can be present in a subframe. For all subframes, at least RS0 is present in the 1st OFDM symbol of each slot. For subframes 0 and 5, RS1 is also present in the 4th OFDM symbol of a slot. Hence, subframes 0 and 5 have both reference symbols RS0 and RS1 for measurements.
3. Measuring E-UTRAN cells from GERAN
It has been suggested that a priority should be given to support handoff between E-UTRAN and GERAN CS domain for voice service. Hence the following discussion will focus on measuring E-UTRAN neighbour cell by a GSM terminal supporting a CS voice service.

Measuring E-UTRAN cells generally consists of an initial cell search to acquire and identify a cell and subsequent measurements of RSRP over some, possibly specified, time interval. As plenty of time is available when mobile is in GSM idle mode, measuring E-UTRAN neighbour cells should not be an issue. The terminal should be able to acquire, identify, and take sufficient measurement of E-UTRAN cells for cell reselection when it is not in a paging cycle.

When in dedicated mode (DM) on traffic channel (TCH), the terminal should perform measurement function without interrupting its voice transmission and reception. Hence mobile should tune in to E-UTRAN only in those idle slots when it doesn’t transmit nor receive on GERAN. As discussed above, P-SCH and S-SCH need to be located for an initial cell acquisition and identification. From Figure 1, it can be observed that a gap of 5.166 ms is needed for a mobile to surely catch a subframe containing P/S-SCH. With an estimated allowance of 0.5 ms to re-tune and settle to the E-UTRAN carrier and back to the GERAN carrier, a measurement gap of approximately 6 ms is needed for initial acquisition and identification of an E-UTRAN cell [8]. These measurement occasions can be provided by the “search frame”, which is the Idle Frame (the 26th frame) in a 26-frame TCH multiframe. As shown in Figure 2, combining the “search frame” together with idle slots in adjacent regular frame, there are 12 consecutive time slots in which mobile neither transmits nor receives on GERAN. That provides mobile station with an idle gap of 90/13 = 6.92 ms to tune in to E-UTRAN and catch one instance of P/S-SCH of the neighbour cells. Though only one instance of P/S-SCH of an E-UTRAN radio frame can be observed with one search frame, several consecutive search frames can be used for mobile to acquire and identify P/S-SCH. Given the period of GSM search frame is 120 ms and the period of E-UTRAN frame is 10 ms, mobile will look at exactly the same position of an E-UTRAN frame, i.e., either subframe 0 or 5 of a neighbour cell will always fall into the gaps generated from search frames.
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Figure 2 - Search Frame and Single Slot TDMA Frame
Once a neighbor cell is acquired and identified on E-UTRAN, the location and code sequence of its RS can be derived accordingly from P/S-SCH, as described in previous section. Thereafter, RSRP can be measured on any E-UTRAN subframe. That is, search frame is only needed for initial acquisition and identification of an E-UTRAN cell, and idle slots can be used for regular RSRP measurements. There are two idle gaps for a mobile in regular GSM TCH frame, one of two slots (1.15 ms) and the other of 4 slots (2.31 ms). After neighbor cells are acquired and identified, mobile can then take measurement samples over 1+2=3 E-UTRAN subframes in a regular GSM TCH frame. If either E-UTRAN subframe 0 or 5 happens to fall into those idle slots, RSRP measurements can be taken on both RS0 and RS1, and together with cell re-confirmation using P/S-SCH. Together with search frame, measurement samples can be taken over 79 E-UTRAN subframes in every 120 ms.

Please note that mobile station can buffer the baseband signals of those 12-slot, 4-slot, and 2-slot measurement gaps, and process them to take measurements on multiple neighbour cells of a frequency layer simultaneously. Those neighbour cells may be asynchronous and the boundaries of their subframes/frames do not have to be aligned. Hence, mobile can use one common set of idle slots/frames to measure E-UTRAN cells, and use the remaining idle slots/frames for regular GSM or other inter-RAT neighbour cell measurements.
4. Conclusion
This contribution discussed measuring E-UTRAN cells from GSM for voice handover. The analysis showed that by using GSM idle slots and frames, sufficient measurements of RSRP can be taken with single radio approach on E-UTRAN neighbor cells.
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