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Fast Search for LTE Cells in GERAN

1 Introduction
A GERAN MS supporting as well LTE is mandated to search and monitor LTE cells. Whilst searching and monitoring in idle mode does not provide major problems to the MS, searching and monitoring in packet transfer mode while in (E)GPRS multislot mode or in DTM mode, faces limitations as investigated in [1]. It is analysed that neighbour cell search can be done in the latter case using the GSM search frame and that 11 timeslots are needed to identify the LTE synchronization channels. For a (E)GPRS multislot allocation with sum=6 (multislot class 30-34) the available time for cell search is reduced to 9 GSM timeslots (5.192 ms), which hence does not provide sufficient time to ensure reception of both LTE synchronization channels of a particular LTE cell. 

Assuming that a GERAN MS has to search and monitor simultaneously for GERAN neighbour cells, and cells of other RAT’s like WCDMA and LTE, this means that an increased number of neighbour cells exists which need to be monitored by the MS yielding a considerable effort for neighbour cell search and monitoring. Therefore this document looks for optimisation of the LTE cell search procedure. 

In section 2 the fast cell search procedure is described. Signalling aspects including design of information elements to support this procedure are dicussed in section 3. Conclusions are drawn in section 4.
2 Fast Cell Search 

Along the specification of LTE neighbour cell information, RAN2 has decided not to broadcast neighbour cell lists including cell identifications in the serving cell, but instead to indicate the center frequency of the LTE carrier used in that neighbour cell. This information is being provided in an incoming liaison statement to this GERAN meeting [2].

Providing the center frequency of an LTE carrier in the adjacent cells is straightforward, but will require the MS to precisely detect the exact location of the synchronisation channels, by using complete search frames in case of being in dedicated mode or in packet transfer mode. This imposes delays in the cell search procedure due to the unawareness of the mobile related to exact timing of primary and secondary synchronisation channels of the LTE cell. In addition due to frequency reuse, the MS may scan cells which are part of another PLMN, e.g. at country boundaries. In this case the cell search based on LTE carrier frequency is not efficient.
2.1 Proposed Procedure 

In order to speed up the search for LTE cells in GERAN, the serving cell may provide additional  information on the sychronisation channels of a given LTE neighbour cell, i.e. timing information. As the secondary synchronisation channel (S-SCH) always preceeds the primary synchronisation channel (P-SCH) both for LTE FDD and LTE TDD, timing information with regard to the first occuring secondary synchronisation channel will be sufficient. 

This timing information is signalled to the mobile in form of a time offset between the start of the TDMA frame with frame number FN 
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in the serving GERAN cell and the start of the next occuring S-SCH (either in subframe 0 or in subframe 5) of a particular LTE cell. Hence the time offset corresponds to the delay of the next S-SCH related to the GSM TDMA frame FN in eq. 1 as seen from network point of view. This is illustrated in Fig. 1.
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Fig. 1: Determination of relative time offset for a LTE neighbour cell.

The GERAN MS would still experience a different delay depending on its actual location related to the GERAN serving cell site and the LTE neighbour cell sites. Considering for instance differences in radio ranges between a serving GERAN cell and LTE neighbour cells to be less than 20 km
, the variation of this delay equals about 18 GSM symbols, i.e. a time of 18*3.69 us = 66.6 s. Hence reception of the LTE neighbour cell’s S-SCH at the MS starts within a uncertainty window at signalled time offset ± 18 symbols. The MS uses this modified time offset information, i.e. the derived uncertainty window, to identify whether synchronisation to a given LTE cell is possible with parallel support of the current packet data connection. In particular the GERAN MS determines based on the derived uncertainty window whether the available search frame allows for synchronisation of a particular LTE neighbour cell by calculating the neighbour cell synchronisation window as depicted below. 

The MS then performs cell search for all LTE neighbour cells, that can be detected in successive search frames. Else in the case the MS cannot synchronise to a given LTE cell based on the calculated neighbour cell synchronisation window, it may decide to postpone monitoring of that cell until it has terminated the active connection and entered (packet) idle mode. 
2.2 Impact of Synchronization of LTE network

In a synchronized LTE network this procedure is simplified, as all LTE candidate cells for GERAN to LTE cell reselection or handover are received by the mobile in the same estimated neighbour cell synchronisation window as defined above. Hence the GERAN network can signal a single relative time offset for an entire group of LTE neighbour cells to the mobile in a an associated channel or in the (packet) system information on (P)BCCH.
In a non-synchronized LTE network the relative time offset information may be specified per LTE cell, i.e. per LTE neighbour cell carrier according to the guidance from RAN2 [2].

2.3 Application to Connected Mode

In connected mode, i.e. in dedicated or in packet transfer mode, after the MS has read the neighbour cell information in the (packet) system information entering a new cell, it synchronises to these cells using the search frames. Taking into account the RAN 4 assumption of a switching time to the LTE carrier no greater than 0.5 ms, a minimum neighbour cell synchronisation window of 

1.0 ms (switching forth and back)

       +
133.3 (s  (corresponding to the uncertainty window of ±18 symbols ), 
       + 
0.166 ms (minimum reception duration for primary and secondary synchronisation 
          channels corresponding to 2 OFDM symbols including cyclic prefix [1]), 
        = 1.3 ms

is required for a single measurement per LTE cell. This is illustrated in Fig. 2 for the case that the MS has a multislot allocation with sum=6 (multi slot class 30-34) and the downlink one is starting on TS 0.
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Fig. 2: Neighbour cell synchronisation window for LTE cells using fast cell search procedure.

In case the LTE neighbour cells are received in a staggered way, the GERAN MS can perform successive measurement switching from one LTE carrier directly to the next. In this case the neighbour cell synchronisation window per LTE neighbour is reduced to 0.8 ms. 
2.4 Performance Analysis in Connected Mode

Performance of the proposed fast neighbour cell search was investigated for a multislot class 30-34 mobile, where the available time per search frame is 5.193 ms corresponding to 9 GSM timeslots. The performance was a analysed for different lengths of theneighbour cell list, i.e. 3, 6, 9 and 12 LTE neighbour cells, assuming a neighbour cell synchronisation window of 0.8 ms for successive monitoring as depicted above, i.e. the MS hops from one LTE carrier directly to the next one. Fig. 3 depicts the histogram of synchronized cells in case of a non-synchronised LTE network. 1000 randomly chosen configurations for position of the LTE synchronisation channels have been taken for the investigation. 
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Fig. 3: Synchronisation performance using fast cell search procedure 

with receive window of 0.8 ms.

It can be seen that up to 3 cells can be monitored in one search frame in case of length 3 of the neighbour cell list, up to 4 cells for length 6 and up to 5 cells in case of lengths 9 and 12.

Consider a GERAN MS that receives a neighbour cell list of 9 LTE cells, i.e. 9 frequencies. In the first case it needs one search frame for synchronising to one LTE cell, in the second case using fast cell search procedure three search frames are required in the majority of cases according to Fig. 3. Hence a gain of 6 search frames, 360 ms, is achieved, just for synchronisation. In case of 12 LTE neighbour cells, the gain is even enlarged to 9 search frames, 540 ms, in the majority of cases. 

In addition as pointed out at the start of section 2, the timing information on the LTE synchronisation channels can provide the mobile with additional information on allowed LTE cells. Hence it will save a considerable time for cell identification not searching for cells belonging to an unallowed PLMN. Hence the fast cell search procedure allows for considerable less cell synchronization and cell identification delays.
2.5 Application to Idle Mode

The procedure is also beneficial when a GERAN MS is in (packet) idle mode. In this case it allows to optimise the scheduling of the cell search tasks in the MS in each TDMA frame. Thus parallel synchronisation to several LTE neighbour cells can be performed. Hence also in (packet) idle mode the GERAN MS is able to synchronise to up to 5 LTE neighbour cells per TDMA frame.
Thus cell search is remarkably speed up due to parallel monitoring of LTE cells per each TDMA frame. This means that the MS can earlier enter the DRX mode and hence power consumption in (packet) idle mode is efficiently decreased.

2.6 Network Support

The fast cell search procedure needs to be supported by signalling between the GERAN and the LTE radio access network, in order to define the relative time offsets of the synchronisation channels of a particular LTE neighbour cell related to the GSM TDMA frame of the serving cell. 

For GERAN to LTE handover or cell reselection, for instance the absolute start time of the S-SCH in subframe 0 of a particular E-NodeB needs to be signalled to the GERAN network. The GERAN network then determines the relative time offset of this LTE cell related to the TDMA frame timing in the serving cell. Due to the different frame structures of 4.615 ms for GSM and 5 ms for LTE the relative time oddset is based on the GSM frame number FN mod 13 = 0  in the serving cell according to the formula
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   (eq. 2)
with 5 ms being the periodicity of the LTE synchronisation channels, the start time tstart,TDMA, FNmod13=0 of the TDMA frame FN obeying eq. 1 and the absolute start time of the S-SCH of the LTE cell  tLTE,S-SCH,abs .

A prerequisite for applying such procedure is that both networks can assess the specified times in eq. 2. Absolute times can be for instance determined by adding GPS equipment to E-Node B and the BTS or by using available time references in the BTS as given in case of synchronized GSM networks.

The absolute start times of the S-SCH tLTE,S-SCH,abs of the LTE cells can be signalled reusing the RAN Information Management (RIM) procedure as defined between GERAN and UTRAN [3]. It is believed that update rates of these signalling procedures are rather low and hence signalling load on either network is limited.

toffset  is then signalled in the GERAN system information messages containing LTE neigbour cell information as depicted in previous sections.
2.7 Solution for Unsynchronised Networks 

Rather than perfoming assessment of the absolute transmission times in eq. 2 by means of available time references in both networks, i.e. time references both for the synchronisation channels of a given LTE neighbour cell as well as for frame timing in the serving cell, this determination can also be done by such dual mode GERAN MS. The GERAN MS hence can determine the relative time offset as given in eq. 2 by its own and report it to the serving GERAN network. 

After verifying that the LTE neighbour cell is an allowed cell to camp on, i.e. belonging to an allowed PLMN, it signals the relative time offset of that LTE cell together with its center frequency, its received power level and the cell identification to the serving GERAN network. The serving GERAN network can then use this information, compare it with reports received from other mobiles, perform a postprocessing of the received timing information and include the relative time offset as defined in eq. 2 in the sytem information messages containing LTE neighbour cell information as depicted in section 2.

The benefit of this solution is that no means for synchronisation or assessment of time references in both networks are required. Instead the serving GERAN network may send a request for such a LTE neighbour cell measurement report including various LTE neighbour cells, when it pages the mobile being in (packet) idle mode.  Or it may ask the mobile to append this report to a Location Update message. 

In general the principle is to request the neighbour cell information from mobiles in (packet) idle mode and to create a benefit for mobiles in connected mode for enabling fast handover or reselection to a LTE cell. This is beneficial for mobiles moving between cells in connected mode.
In case the LTE network or the serving GERAN cell is reactivated after being inactive due to various reasons, the system information messages do not contain the timing information, but only the center frequency of the LTE cells. In this case the system information messages may include an indicator that LTE neighbour cells shall be measured and reported  by the mobiles in (packet) idle mode. Only after some given time, i.e. sufficient LTE measurement reports have been received by the GERAN network, timing information in form of the relative time offset is being included in the system information messages. However these are quite rare cases, that only appear in case of change of frequency plan or if additional cells are deployed, which will likely also impact on the center frequencies of the LTE carriers. Else update rates on the time references should be rather low.
This solution can even be employed with the decision taken in RAN 2. The GERAN network then just compiles the required timing information and adds them to the LTE neighbour cell information as part of the (packet) system information messages.

In order to reduce the signalling effort in GERAN this timing information related to LTE cells can alternatively be included in system information broadcasts in LTE. Hence the GERAN MS would get the timing information for other neighbour LTE cells by listening to the system information of the first identified LTE cell. This requires further discussion with RAN 1 and RAN2. 
3 Implementation in Specifications
3.1 Coding of timing offset 

As the range for the relative time offset toffset spans from 0…5ms, coding of the time offset in GSM symbols is appropriate. Hence the range corresponds to 0…1354.16 GSM normal symbols, such that the time offset can be signalled in a 11 bit field in allsystem information messages including LTE neighbour cell information. 
3.2 Information elements in LTE neighbour cell information

Consequently the LTE neighbour cell information broadcast in GERAN needs to include information elements consisting of

· the center frequency of the LTE carrier of a neighbour cell and 

· the relative time offset of the next occuring S-SCH of each LTE neigbour cell using this indicated LTE carrier compared to the TDMA frame start with frame number FN mod 13=0 of the serving GSM/GERAN cell.
In case of a synchronized LTE network, these information elements can be compressed as follows

· the time offset of the S-SCH for all LTE neighbour cells contained in the same synchronization group compared to the TDMA frame start with frame number FN mod 13=0 of the serving cell
· number n of such LTE neighbour cells

· the list of n center frequencies of the LTE carriers of these neighbour cells.
4 Conclusions

In this contribution, a procedure for speeding up the search for LTE cells in GERAN has been investigated, that enables the GERAN MS to optimise the scheduling of LTE cell search tasks both in idle and in connected mode. This is based on inclusion of timing information in the (packet) system information messages with regard to the start of the secondary synchronisation channel of a particular LTE cell related to the start of specific TDMA frames in the serving GSM/GERAN cell. 
Besides a solution based on available means for assessment of timing references in both networks, a solution for unsynchronised networks has been presented, that is based on the principle that the network requests suitable neighbour cell measurement information from such dual mode MS in (packet) idle mode, and in return provides this information to mobiles in connected mode, i.e. in dedicated or packet transfer mode, when entering a new GERAN cell via (packet system information messages including LTE neighbour cell information.
It is proposed to consider this procedure in the specification work for GERAN to LTE interworking, setup in [4] and to inform RAN2 on the intended inclusion of timing information in the LTE neighbour cell information broadcast in GERAN.
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� This is an assumption taken here, although RAN has assumed radio ranges up to 100 km for LTE.
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