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Monitoring of LTE cells from GSM

1 Introduction

In order for a terminal in GSM to perform a cell reselection or to be handed over to LTE [1], the mobile needs to synchronise to and perform measurements on neighbouring LTE cells. In this contribution, an initial analysis of the monitoring procedures while the terminal is in GSM is provided.

The analysis assumes that the MS/UE contains only one RF chain and/or local oscillator; hence, it is not possible to monitor cells of one system (e.g. LTE) while a the same time transmitting or receiving on the other system (e.g. GSM). This means that, for example while in active mode in one system, measurement occasions need to be available to perform measurements on the other system [2].

The paper probably contains more detail than may be appropriate for the current workshop, and new versions will be submitted to the relevant technical working groups. However, since the topic requires expertise from different working groups, it is believed that it is useful to present it and discuss it during this meeting.

2 Identification and measurement of E-UTRAN cells

In order to identify a E-UTRAN cell, the cell search procedure is used
. The details of the procedure for LTE (including the structure of the synchronisation channels and the number of steps in the procedure) are still under discussion in RAN1, although some working assumptions have already emerged. These will be summarised in the following section. For this reason, this is only a preliminary investigation, and further analysis will be provided to future GERAN and/or RAN meetings.

2.1 Working assumption for LTE

In this section the analysis will focus on the “generic frame structure”, as defined in [3]. In this case, the current working assumption for the cell search procedure is the so-called “Approach 1”, which was agreed at RAN1#46bis in Seoul [4] and was maintained during the last RAN1#47 meeting in Riga [5]. A summary of the procedure (from [4]) is the following:

1. 5 ms timing is identified using the P-SCH

2. Radio frame timing and group ID is found from the S-SCH

3. Full cell ID is found from the downlink reference symbols

4. Decoding of BCH

Additional details of the scheme are:

· The P-SCH and S-SCH are time multiplexed

· Both P-SCH and S-SCH are transmitted 2 times per radio frame for FDD and one or two times per radio frame for the generic TDD frame structure

· The first sub-frame
 within a frame contains one P-SCH and S-SCH pair

· For FDD and possibly generic TDD the sixth sub-frame within a frame always contains a P-SCH and S-SCH pair

· Two alternatives for placement within the sub-frame-pair have been proposed (only one will be selected for inclusion in the specifications):

· P-SCH is placed in the last OFDM symbol of the first slot and S-SCH in the last OFDM symbol of the second slot (see Figure 1)

· P-SCH is placed in the last OFDM symbol and S-SCH in the second last OFDM symbol of the first slot  (see Figure 2)

· Grouping of cell IDs

· The group ID identifies subset of N reference signal sequences

· The group ID can be derived using only one S-SCH instance

· Detection of the reference signal sequence (full Cell ID) is limited to the subset defined by the group ID

· Sequences used for P-SCH and S-SCH in one cell:

· All instances of P-SCH use identical sequences

· Two S-SCH sequences are alternated in the two instances within the radio frame 

· The frame timing can be derived from the order of the sequences

· P-SCH and S-SCH durations equals one OFDM symbol time 
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Figure 1 - P-SCH is placed in the last OFDM symbol of the first sub-frame and S-SCH in the last OFDM symbol of the second sub-frame
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Figure 2 - P-SCH is placed in the last and S-SCH in the second last OFDM symbol of the first sub-frame

The alternative in Figure 2 has been found to provide a better performance than the alternative in Figure 1 [6], and is currently considered the working assumption in RAN1.

In order to derive the cell ID, in theory it is sufficient to read the reference symbols in only one slot period (0.5 ms); in practice, in realistic channel conditions, more than one slot periods may need to be read to achieve a reliable reading of the cell ID.

2.2 Measurements

After the cell has been identified and synchronisation has been achieved, it is possible for the MS to perform measurements on that cell. For handover and cell reselection purposes, the measurements are performed on the “reference signal”
; possible quantities to be measured are the reference signal power level (similar to RSCP in UTRAN) and/or the reference signal quality (similar to Ec/Io in UTRAN). The details of the measurement quantities are still under discussion in RAN1, see e.g. [2], [7], [8].

In order to perform a signal level measurement in theory it could be possible to read the reference symbols in only one slot period (0.5 ms); in practice, averaging the measurements over several slot (or even frame) periods is useful in order to eliminate the effects of fading and derive a more reliable estimate.

3 
Monitoring of LTE cells

3.3 In idle mode

Monitoring of LTE cells while in (packet) idle mode is not considered to be an issue, as plenty of time is available between readings of the paging channel to synchronise to neighbouring LTE cells and perform measurements on them.

Something that should be discussed is whether an MS in GSM (packet) idle mode is required to read any information from the E-UTRAN broadcast channel, such as predefined configurations (for example, see subclause 6.6.4 of TS 45.008 [17] for requirements about reading the UTRAN broadcast channels).

3.4 In active mode

In GSM, when in dedicated mode (on a TCH) or in packet transfer mode, measurement occasions are provided by the ‘search frames’ [17]. Let’s assume for the time being the case where measurements on LTE cells are performed only during search frames. Given that search frames occur every 120 ms and that the frame length for LTE is 10 ms, the synchronisation channels will appear exactly at the same positions relative to every GSM search frame (the position will differ for each MS, depending on the particular channel(s) allocated to it and its position within the cell). The length of the search frames varies according to the number of timeslots allocated to a mobile. For a Type 1 mobile, it can vary from 12 timeslots (6.92 ms) in case of single slot assignment to 8 timeslots + to (4.733 ms, since to is equal to 32 symbol periods) in the case of 6 DL timeslots and 1 UL timeslot (for mobile stations of multislot classes 40-45, with Tta = 1 and Trb = to), as shown in Figure 3.
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Figure 3 - Search frame for assignment DL=6, UL=1

However, the scenario shown in Figure 3 requires the offset to in the BTS (see TS 45.002 [16]). In the case of 4 DL timeslots and 1 UL timeslot (for mobile stations of multislot class 8 or 10-12, for which Tra applies, this means that Tra = 2 and Ttb = 1), the search frame is equal to 10 timeslots (5.769 ms) as shown in Figure 4; this reduces to 9 timeslots (5.192 ms) in the case of 5 DL timeslots and 1 UL timeslot (for mobile stations of multislot class 30-34, for which Tra = 1 and Ttb = 1).
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Figure 4 - Search frame for assignment DL=4, UL=1

The useful duration of the search window, however, will be shorter because of the time required to retune the frequency synthesiser
.

Let’s first consider the configuration shown in Figure 2. The distance between two primary synchronisation symbols is 5 ms. In the case of long cyclic prefix (CP), the minimum search window size to guarantee identification would then be 5.083 ms, i.e. 5 ms + 0.083 ms (the duration of one OFDM symbol + CP), as shown in Figure 5. In the case of short CP, the minimum search window size will be slightly shorter, given that the symbol + CP duration is shorter.
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Figure 5 - Synchronisation to an FDD or TDD cell supporting the generic frame structure
A window of this size guarantees that at least one instance of the P-SCH will fall into it. Also, to obtain the radio frame timing it is sufficient to read only one instance of the secondary synchronisation channel within a radio frame
, and with a search window as shown in Figure 5 it is guaranteed that at least one occurrence of the S-SCH will fall into it.

Its duration corresponds to 8.81 GSM timeslots
. Taking into account the time required to switch between frequencies, a minimum search frame of 10 GSM timeslots will be needed, although 11 GSM timeslots may be a more likely value in practice.

From what has been seen, it can be concluded that, when on a TCH, the current working assumption for the synchronisation channels can guarantee the identification of an LTE neighbouring cell in the case of single slot assignment (e.g. for a voice call) and also in the case when 2 DL + up to 2 UL slots are assigned. If more timeslot are allocated to the MS, the search frame will be shorter, and it may not be possible for the MS to identify an LTE cell.

It is worth noting that the arrangement in Figure 2 is better than the one in Figure 1 not only from the cell search performance point of view, but also as far as monitoring from GSM is concerned, as the required search window is shorter.

An alternative approach (“Approach 2”, [9]) has also been proposed in RAN1 for the design of the synchronisation channels. This proposal assumes the presence of only one S-SCH within a 10 ms radio frame; hence the possibility to read it from within the GSM search frames is not guaranteed. Hence, if monitoring of LTE cells during GSM dedicated mode (i.e. during a voice call) is required, that approach may not be feasible.

In the case of packet transfer mode, there may be some issues for some multislot allocations. Depending on the number of timeslots assigned to the mobile, in some cases it is not possible to guarantee the identification of neighbouring LTE cells using only the search frames. In the case of non-real-time services there might be some possible alternatives. For example, subclause 10.1.1.2 of TS 45.008 allows the following possibilities:

In some allowed multislot configurations (see 3GPP TS 45.002) the MS is not able to perform BSIC decoding or multi-RAT measurements. In this case, the MS may delay the requesting of uplink packet resources or not receive some allocated downlink packet resources in order to comply to the requirement to search, verify and decode BSIC information, or in order to perform multi-RAT measurements.

However, GPRS operation will be affected, hence this may not always be acceptable. This is even more true in the case of real-time services
.

In an extreme case, if the network wants to hand over a connection to an LTE cell that the MS is not able to identify and report, it could resort to using blind handover. However, this will increase the interruption time, to a point where the requirements in TR 25.913 [15] may no longer be met.

On the positive side, the current assumption for conversational services in GERAN is that a VoIP call requires 2 DL + 2 UL timeslots, leaving a search frame size of 11 timeslot periods as shown in Figure 6; in this case measurements on LTE cells should be possible using only the search frames.
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Figure 6 - Search frame for assignment DL=2, UL=2

However, in order to make the support of VoIP calls more efficient, one possibility is to multiplex more than one user on the same timeslots; if RTTI (Reduced TTI) is used with a 4 DL + 4UL timeslot assignment [10]Figure 7, then the search frame will be 9 timeslots, as shown in , hence identification of LTE cells may not be guaranteed.
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Figure 7 - Search frame for assignment DL=4, UL=4 (with Flexible Timeslot Assignment [11])

4 Alternative frame structure for LTE TDD

For LTE TDD, an “alternative frame structure” is also defined (see section 4.2 of [3]), which is compatible with the 1.28 Mcps TDD option of the UTRAN (LCR TDD). Each radio frame consists of two half-frames of 5 ms each, and the structure of each half-frame is identical. Each half-frame consists of seven slots of 0.675 ms each, and three special fields, DwPTS (downlink pilot time slot), GP (guard period), and UpPTS (uplink pilot time slot), as shown in Figure 8.
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Figure 8 - Synchronisation to a TDD cell supporting the alternative frame structure

For the LCR-aligned TDD frame structure, the current working assumption is that the P-SCH is placed in the DwPTS and the S-SCH is placed in the last OFDM symbol of timeslot TS0.  This means that for the LCR aligned TDD frame structure both P-SCH and S-SCH are transmitted 2 times per radio frame (10 ms).
Just as for the generic frame structure, the alternative frame structure maintains a fixed position with respect to every GSM search frame.

Assuming that the length of the DwPTS is the same as in UTRAN (0.075 ms), the minimum window size to guarantee synchronisation
 is equal to 5 ms + 0.075 ms = 5.075 ms, as shown in Figure 8. Its duration corresponds to about 8.796 GSM timeslots. So for the alternative frame structure the situation is very similar the case of the generic one. Also, with a window of that size, it is guaranteed that one occurrence of the S-SCH (i.e. timeslot 0 of one half-frame) will always be included within a search frame. So a window of this size is enough to guarantee that the MS will be able to complete at least the first two steps of the cell search procedure.

Assuming the RF switching time to and from a TDD frequency to be 0.5 ms, it may be possible to guarantee identification of a TDD cell using the alternative frame structure even when the search frame is 11 GSM timeslots long, which corresponds to the case of two adjacent timeslots allocated to the MS.

5 Discussion and further work

The preliminary analysis in the previous sections shows that, with the current working assumption for the synchronisation channels in LTE, the identification and measurement of neighbouring LTE cells from GSM is possible only in some scenarios; in other scenarios, the identification of an LTE cell may not be guaranteed.

There are also some aspects that need further discussion and/or investigation.

1. How long does it take for an MS in (packet) idle mode to perform a measurement on an LTE cell from the moment that the cell has been activated? For example, in TS 45.008, the following requirement for UTRAN cells is specified for a mobile in idle mode (see subclause 6.6.4): “The MS shall be able to identify and select a new best UTRAN cell on a frequency, which is part of the 3G Cell Reselection list, within 30 seconds after it has been activated under the condition that there is only one UTRAN frequency in the list and under good radio conditions”. In particular, the requirement should be chosen in such a way that it takes into account mobiles using DRX.

2. How long does it take for an MS in active mode (dedicated mode or packet transfer mode) to identify and perform a measurement on an LTE cell from the moment that the cell has been activated? For example, in TS 45.008, the following requirement for UTRAN cells is specified for a mobile in dedicated mode (see subclause 7.3): “The MS shall report a new best UTRAN cell, which is part of the neighbour cell list, at the latest 5 seconds after it has been activated under the condition that there is only one UTRAN frequency in the neighbour cell list and that no new GSM cells are activated at the same time and under good radio conditions”. For measurement of UTRAN cells, the analysis performed to derive the requirement above is described in [14]. A similar analysis will have to be performed for E-UTRAN.
3. Once the initial cell identification has been performed, what is the exact procedure for subsequent cell reconfirmations and measurements? Does the MS need to repeat all the steps or can some of the first steps be skipped? Does the answer depend on the time between successive measurements (e.g. depending on whether the interval between measurements is lower or higher than the time that it takes to lose synchronisation)?

4. What should be the periodicity of cell reconfirmation / measurement?

5. How does the identification procedure change if some details about the neighbouring cells are known (e.g. the cell ID is provided in the measurement information)? How long does it take to identify a cell in this case?

These aspects may be studied in future contributions.

There are also other aspects that may be useful to discuss during the workshop. For example, once a circuit switched call (e.g. a voice call) has started in GSM, how critical is the need for it to be handed over to LTE? In other words, handover from LTE to GSM is important for service continuity; how important is CS handover in the opposite direction, from GSM to LTE? The handover of a voice call from GSM to LTE may not be critical, as it may be more attractive for operators to keep voice calls in GSM rather than handing them over to LTE. The conclusions may affect the requirements on measurement of LTE cells while in GSM dedicated mode.

6 Conclusions

As shown in the paper, the structure of the synchronisation channels in the current working assumption for LTE is such that it is possible for an MS in dedicated mode to identify an LTE cell or perform measurements on it, but – depending on the number of timeslots assigned to the mobile station – this may not always be possible in packet transfer mode. Given that handover of packet switched services from GSM to LTE is thought to be an important feature, solutions should be found to ensure that this is possible in every case.

It is worth reminding again that this is only a preliminary analysis, and that further contributions will be presented to the relevant technical working groups. It would be useful if RAN1 could inform GERAN of the details of the synchronisation channels, of the cell search procedure and of measurements for LTE once they have been finalised, so that the work for GERAN to LTE handovers that is under the responsibility of GERAN can be progressed.
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� In this paper, “identification” of a cell refers to the first time that a mobile tries to synchronise to the cell.


� For systems using MIMO, during the second step the mobile will also be able to determine the cell’s transmit antenna configuration used for the P-BCH.


� Throughout the paper the terminology recently introduced in � REF _Ref154237015 \w \h ��[3]� will be used: a radio frame (10 ms) is divided into 10 sub-frames (1 ms each); each sub-frame is divided into two slots (0.5 ms each).


� If scrambling is used for the reference signal, it is assumed that the scrambling code can be derived from the cell ID.


� In the paper, we adhere to the following terminology: a “search window” is the time left from a “search frame” after the MS RF (and other) switching times have been subtracted. In developing the test cases for UTRAN, RAN4 has assumed that the UE has switching times no greater than 0.5 ms. If the switching time is greater, the useful window duration will be shorter.


� Given that the sequences in the two occurrences of the S-SCH are different, it is possible for the mobile to know whether the identified S-SCH is the first one within a radio frame or the second one.


� A search window of this size can guarantee that the mobile will be able to complete the first and second steps of cell search. It is assumed that, in order to complete the third step, the reference signal of one (or more) of the slots falling within the window can be used, hence also the third step of cell search can be performed using this search window size. If this is not true, and the reference signal needs to be read from a particular slot (e.g. the slot in which the secondary synchronisation signal read during the second step is located), then in order to guarantee that the third step of cell search can be completed the window may need to be larger.


� In order to address this issue, in � REF _Ref154476022 \w \h � \* MERGEFORMAT �[12]� it was proposed that the SCH should be repeated four times in a frame, but this may result in too high signalling overhead.


� In UTRAN, synchronisation is achieved by detecting the SYNC_DL sequence, which is only 64 chips long (0.05 ms, compared to 96 chips of the DwPTS), hence the minimum window to achieve synchronisation is 5.05 ms. For further details see for example � REF _Ref154489954 \w \h ��[13]�.
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