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E-UTRAN Cell Search and Monitoring in GERAN
1 Introduction
A GERAN MS supporting as well E-UTRAN is mandated to search and monitor E-UTRAN cells. It may also have to search and monitor cells of other RAT’s like WCDMA. 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 it is essential to define both procedures in an efficient way.

Along the specification of E-UTRAN neighbour cell information, RAN2 has decided in case of interfrequency handover not to broadcast neighbour cell lists including cell identifications in the serving cell, but instead to indicate the center frequency of the E-UTRAN carrier used in that neighbour cell [1]. Providing the center frequency of an E-UTRAN 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 E-UTRAN 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 E-UTRAN carrier frequencies only may not be efficient.

This contribution in section 2 looks at issues when searching and monitoring of E-UTRAN cells in GSM idle and GSM active mode. Section 3 then discusses different options for assisted cell search and monitoring, followed by conclusions in section 4. 

It is an update of GR-070012 with changes in the highlighted paragraphs in section A.5.
2 Searching and Monitoring of E-UTRAN cells in GERAN[2] 
2.1 Idle mode

Monitoring of E-UTRAN cells while in GERAN (packet) idle mode is not considered to be an issue related to service related aspects due to the fact that plenty of time is available between readings of the paging channel to synchronise to neighbouring E-UTRAN cells and perform measurements on them. However, when defining the requirements, these should be chosen in such a way as to take into account DRX. In other words, requirements such as the periodicity of the tasks etc. should be chosen so that they can be satisfied even if they are performed by the mobile when waking up to monitor the paging and/or broadcast channels, so that the impact on the terminal’s battery life is minimised.
In addition it should be discussed 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 [3] for requirements about reading the UTRAN broadcast channels).
In order to contribute to reduction of MS power consumption in idle mode, assisted search of E-UTRAN cells in order to optimise the scheduling of the cell search tasks in the MS in each TDMA frame and earlier reenter the DRX mode is another matter of discussion. This aspect has been discussed in GERAN [4] and a liaison statement has been sent to the RAN groups [5]. It is depicted in more detail in section 3.
2.2 Active mode

In GERAN, when in active mode, i.e. in dedicated mode on a TCH or in packet transfer mode on a PDTCH, measurement occasions are provided by the ‘search frames’[3]. The identification of each E-UTRAN cell will require several consecutive search frames, as different steps of the cell search procedure could possibly be performed in different search frames or a particular step may require more than one search frame. We assume here the case where measurements on E-UTRAN cells are performed only during search frames. Given that search frames occur every 120 ms and that the frame length for E-UTRAN is 10 ms, the synchronisation channels will appear exactly at the same positions relative to every GSM search frame. 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 (best case) 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).
Two scenarios are sketched in the following, which are believed relevant for the case of high multislot class mobiles in GERAN. In the case of 4 DL timeslots and 1 UL timeslot (for mobile stations of multislot class 8 or 10-12), the search frame is equal to 10 timeslots (5.769 ms) as shown in Fig. 1. 
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Figure 1 - Search frame for assignment DL=4, UL=1
In the case of 5 DL timeslots and 1 UL timeslot (for mobile stations of multislot class 30-34), the search frame reduces to 9 timeslots (5.192 ms) as shown in Fig. 2.
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Figure 2 - Search frame for assignment DL=5, UL=1

The useful duration of the search window, however, will be shorter because of the time required to retune the frequency synthesiser, taking into account that RAN4 has assumed that the UE has switching times no greater than 0.5 ms.

With regard to E-UTRAN frame stucture structure Type 1, 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 (0.083 ms is the duration of one OFDM symbol + CP), as shown in Fig. 3. 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 3 - Synchronisation to an FDD or TDD cell supporting frame structure Type 1
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  it is guaranteed that at least one occurrence of the S-SCH will fall into it.

The duration of 5.083 ms 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. Hence it can be concluded that the current working assumption for the synchronisation channels can guarantee the identification of an E-UTRAN neighbouring cell in the case of single timeslot assignment (e.g. in dedicated mode, for a voice call) and also when 2 DL + up to 2 UL timeslots are assigned. If more timeslot are allocated to the MS, as depicted in Fig. 1 and Fig.2 the search frames will be shorter, and it may not be possible for the MS to identify an E-UTRAN cell.

Thus, in case of GPRS packet transfer mode or Dual Transfer Mode, there are 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 E-UTRAN cells using only the search frames. 
In an extreme case, if the network wants to handover a connection in the PS domain to an E-UTRAN 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 [6] may no longer be met.
The introduction of Downlink Dual Carrier in the GERAN specifications, whereby mobile stations contain a second receiver, may open up new possibilities; however, this is left for further study.

On the other side assisted cell search as depicted in section 3 can provide a speeding up of the identification of suitable E-UTRAN cells in active mode and hence can minimise the interruption time for handover or cell reselction towards E-UTRAN. An examplary proposal has already been discussed at GERAN#34 [4]. An update on this proposal is included in the Annex of this conribution.
3 Assisted Cell Search and Monitoring
Assisted cell search via broadcast of E-UTRAN neighbour cell parameters aside the center frequencies of E-UTRAN cells as foreseen in the current solution of RAN 2, could speed up the neighbour cell search and monitoring procedures both in idle and in active mode by adding following information:

· P-SCH and S-SCH timing offset to GSM multiframe per E-UTRAN cell [4, Annex]
· physical layer cell identity per E-UTRAN cell [7]
· information on the assigned location area per E-UTRAN cell

By this information the MS can firstly faster detect a multiplicity of E-UTRAN cells and secondly increase synchronisation success rate to a given allowed E-UTRAN neigbour cell. In this context the confirmation of SA 1 [8] and SA 2 [9] to allow for forbidden location areas and for network sharing scenarios in E-UTRAN should be taken into account.

One open issue related to this procedure is to which extent the network should provide support. Acquisition of timing offsets will require dedicated means in the network to determine such values. On the other hand this information could also be reported by mobiles in idle mode, observing the time differences during reception. The network in the latter case needs to perform proper averaging based on the reported values and to include these averages in the broadcast channel. Inclusion of physical layer cell identity and assigned location area identity can easily be managed by O&M procedures.
Also, the question arises whether such additional information is required to be supported by the GERAN network and the terminals. Due to the fact that there will be impacts on broadcast channels content as well as on reporting from mobiles or between networks, it is proposed that this enhancement is defined both optionally in the network and in the terminal. Thus both the network and the terminal need to explicitly signal support of such enhancement.
4 Conclusions

In this contribution, cell search and monitoring tasks of E-UTRAN cells in GERAN have been investigated. 

Current RAN 2 specified procedure for interfrequency handover based on the signalling of center frequencies may not lead to an optimum cell search and cell monitoring performance in GERAN, due to the fact that the frequency of E-UTRAN synchronisation channels has not been fully matched to the search performance constraints in GSM/GERAN. In order to allow for performance improvement in cell reselection and in handover of services, both in the CS and PS domain, from GERAN to E-UTRAN, and for contributing to reduced MS power consumption, an assisted cell search procedure has been proposed, which needs further study related to network impact and the size of required additional broadcast information elements.  
It is proposed to discuss further the above mentioned issues at the joint RAN/GERAN workshop and to decide if assisted cell search should be further investigated as optional enhancement both for terminal and network in the framework of GERAN to E-UTRAN interworking. 
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Annex:  Fast Search for E-UTRAN Cells in GERAN
A.1  Introduction 

This annex provides a description of the fast cell search procedure that has been discussed at GERAN#34 [4] for GERAN to E-UTRAN interworking. It was updated after receiving comments in an LS by RAN 2 [10] to include required level of timing accuracy and MS power consumption savings. So far it contains an estimation of savings in MS power consumption.
A.2  Proposed Procedure 

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

Since both frame lengths with 60/13 ms for GERAN and 5 ms for half radio frame in E-UTRAN differ from each other, timing information must be based on the least common multiple, which is 60 ms. Hence this timing information is signalled to the mobile in GERAN mode in form of a time offset related to the start of a 60 ms window, i.e. the time offset equals the time 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 E-UTRAN cell. The time offset corresponds to the delay of the next S-SCH related to the GSM TDMA frame FN in eq. A.1 as seen from network point of view. This is illustrated in Fig. A.1.
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Fig. A.1: Determination of relative time offset for a E-UTRAN 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 E-UTRAN neighbour cell sites. Considering for instance differences in radio ranges between a serving GERAN cell and E-UTRAN 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 E-UTRAN 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 E-UTRAN 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 E-UTRAN neighbour cell by calculating the neighbour cell synchronisation window as depicted below. 

The MS then performs cell search for all E-UTRAN neighbour cells, that can be detected in successive search frames. Else in the case the MS cannot synchronise to a given E-UTRAN 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. 

A.3  Impact of Synchronization of E-UTRAN network

In a synchronized E-UTRAN network this procedure is simplified, as all E-UTRAN candidate cells for GERAN to E-UTRAN 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 E-UTRAN neighbour cells to the mobile in an associated signalling channel or in the (packet) system information on (P)BCCH.

In a non-synchronized E-UTRAN network the relative time offset information may be specified per E-UTRAN cell, i.e. per E-UTRAN neighbour cell carrier according to the guidance from RAN2 [1].

A.4  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 E-UTRAN 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 [2]), 

        = 1.3 ms

is required for a single measurement per E-UTRAN cell. This is illustrated in Fig. A.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. A.2: Neighbour cell synchronisation window for E-UTRAN cells using fast cell search procedure.

In case E-UTRAN neighbour cells are received in a staggered way, the GERAN MS can perform successive measurement switching from one E-UTRAN carrier directly to the next. In this case the neighbour cell synchronisation window per E-UTRAN neighbour is reduced to 0.8 ms. 

A.5  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 analysed for different length of the E-UTRAN neighbour cell list, i.e. 3, 6, 9 and 12 E-UTRAN 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 E-UTRAN carrier directly to the next one. Fig. A.3 depicts the histogram of synchronized neighbour cells per search frame in case of a non-synchronised E-UTRAN network. 10.000  randomly chosen configurations for position of the E-UTRAN synchronisation channels have been taken for the investigation. 
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Fig. A.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. Finally in case of length 21 either 4 or 5 cells can be monitored per search frame of 5.193 ms.
Consider a GERAN MS that receives a neighbour cell list of 9 E-UTRAN cells, i.e. 9 frequencies. In the first case, where no time offset information is provided, it needs one search frame for synchronising to one E-UTRAN 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, corresponding to 720 ms for PDCH/F, is achieved, just for synchronisation. In case of 12 E-UTRAN neighbour cells, the gain is even enlarged to 9 search frames, corresponding to 1080 ms for PDCH/F, in the majority of cases. Note that compared to [4] the gains in delay are doubled due to lower frequency of search frame availability (120 ms instead of 60 ms assumed in [4]).  
In the same scenario the required number of search frames for acquisition of both the P-SCH and S-SCH for all E-UTRAN neighbour cells in the list was determined, which is contained in Fig. A.4. This confirms that a remarkable reduction in search time can be achieved. In average 2-3 neighbour cells can always be identified per search frame.
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Fig. A.4: Time for neighbour cell identification using fast cell search procedure 

with receive window of 0.8 ms.

In addition the timing information on the E-UTRAN synchronisation channels can provide the mobile with additional information on allowed E-UTRAN cells. Hence it will save a considerable time for cell identification not searching for cells belonging to an unallowed PLMN, i.e. it can be considered with rather low probability, that cells using the same center frequency use the same frame timing. Hence the fast cell search procedure is expected to allow for considerable less cell synchronization and cell identification delays. Note, this proposal is also concatenated to the proposal to use the physical layer cell ID for controlling access to a particular E-UTRAN cell discussed in [7].

A.6  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. 
Parallel synchronisation to several E-UTRAN neighbour cells can be performed. Hence also in (packet) idle mode the GERAN MS is able to synchronise to up to 5 E-UTRAN neighbour cells per TDMA frame. 

Thus cell search is noticably speed up due to parallel monitoring of E-UTRAN cells per each TDMA frame. This means that the MS can earlier enter the DRX mode and hence MS power consumption in (packet) idle mode is efficiently decreased.

To estimate the impact of the fast cell search procedure to savings in MS power consumption as requested by RAN2 [10], following urban scenario depicted in Fig. A.5 and Tab. A.1 is considered. 
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Fig. A.5: Urban scenario with rectangular cells for GERAN to E-UTRAN interworking.

to estimate savings in MS power consumption. 

	Parameter
	Value

	Mobile velocity
	50 km/h

	GSM cell diameter
	900 m

	E-UTRAN cell diameter
	300 m

	Length of NCL (E-UTRAN) 
	25 cells

	Samples per E-UTRAN measurement
	5

	E-UTRAN measurement interval 
	5 s


Table A.1: Parameters for urban scenario in Fig. A.4.

In this scenario it is assumed that the measurement interval for E-UTRAN neighbour cells is shortened to 5 sec, which seems appropriate due to the fact that a MS with above specified velocity will cross the E-UTRAN cell within 20 s. In order to achieve confident measurements 5 samples per measurement are taken, as specified for cell reselection in [3]. 

Assuming further that large E-UTRAN cell overlap is not provided, the GERAN MS may only receive a subset of E-UTRAN neighbour cells at a time, e.g. 4 out of 25 neighbour cells, hence will not be able to decode 21 cells and hence will stay unsynchronised to those. In the following the time needed for synchronising to those E-UTRAN cells is determined for both cases.  

Case 1: no time offset indication for E-UTRAN cell by serving GERAN cell

This yields a delay of 21 * 5.666 ms = 119 ms, where 5.666 ms is composed of 5 ms E-UTRAN half frame, 0.5 ms switching time and 0.166 ms minimum reception duration for S-SCH and P-SCH, see section 2.3. 
Case 2: time offset indication for E-UTRAN cell by serving GERAN cell

This yields a delay of 21 * 0.8 ms = 16.8 ms, where 0.8 ms is composed of 0.5 ms switching time and 0.166 ms minimum reception duration for S-SCH and P-SCH, see section 2.3. This represents the case where E-UTRAN cell broadcast is organized in a staggered way, else a higher delay will occur. In the latter case according to Fig. A.3, assuming in average 4 cell identifications per TDMA frame, a delay of about 5 TDMA frames could be assumed, which equals less than 25 ms.

Hence a difference in delay of 94 ms up to 102 ms can be evaluated for the above scenario. This difference in delay pays out in saving of MS power to scan E-UTRAN neighbour cells. Assuming that a measurement sample is taken for the unsynchronised cells every 1 s to fulfill the above proposed 5 s measurement interval, the saving of MS power consumption is estimated to be 9.4…10.2 %.

It is believed that such urban scenario should be taken into account for the design of GERAN to E-UTRAN interworking. Nonetheless, for the evaluation here it is important to specify probable deployment scenarios for GERAN to E-UTRAN interworking, depending on the above mentioned parameters. 
A.7  Network Support

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

For GERAN to E-UTRAN 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. The GERAN then determines the relative time offset of this E-UTRAN 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 E-UTRAN the relative time offset is based on the GSM frame number FN mod 13 = 0  in the serving cell according to the formula


[image: image10.wmf](

)

ms

t

t

t

FN

TDMA

start

abs

SCH

S

UTRAN

E

offset

5

mod

0

13

mod

,

,

,

,

=

-

-

-

=

   (eq. A.2)

with 5 ms being the periodicity of the E-UTRAN synchronisation channels, the start time tstart,TDMA, FNmod13=0 of the TDMA frame FN obeying eq. A.2 and the absolute start time of the S-SCH of the E-UTRAN cell  tE-UTRAN,S-SCH,abs being greater than tstart,TDMA, FNmod13=0.

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

The absolute start times of the S-SCH tE-UTRAN,S-SCH,abs of the E-UTRAN cells can be signalled using existing O&M procedures in both RAN’s. It is believed that the update rate of this signalling procedure is rather low and hence signalling load on either network is limited.

toffset  is then signalled in the GERAN system information messages containing E-UTRAN neigbour cell information as depicted in previous sections.

A.8  Alternative MS Assisted Solution 

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

After verifying that the E-UTRAN neighbour cell is an allowed cell to camp on, i.e. belonging to an allowed PLMN, it signals the relative time offset of that E-UTRAN cell together with its center frequency, its received power level and the cell identification to the serving GERAN. The serving GERAN 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. A.2 in the system information messages containing E-UTRAN neighbour cell information as depicted in section A.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 E-UTRAN neighbour cell measurement report including various E-UTRAN 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 E-UTRAN cell. This is beneficial for mobiles moving between cells in connected mode.

In case the E-UTRAN 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 E-UTRAN cells. In this case the system information messages may include an indicator that E-UTRAN neighbour cells shall be measured and reported  by the mobiles in (packet) idle mode. Only after some given time, i.e. sufficient E-UTRAN 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 E-UTRAN carriers. Else update rates on the time references are expected to 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 E-UTRAN 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 E-UTRAN cells can alternatively be included in system information broadcasts in E-UTRAN. Hence the GERAN MS would get the timing information for other neighbour E-UTRAN cells by listening to the system information of the first identified E-UTRAN cell. This requires further discussion with RAN 1 and RAN2. 

A.9 Implementation in Specifications
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 all system information messages including E-UTRAN neighbour cell information. Lower resolution for timing offsets may also be used, e.g. an indication based on timeslot length would require only 3 bits. The performance impact of a reduction of timing accuracy is FFS.  
Information elements in E-UTRAN neighbour cell information

Consequently for support of the fast cell search procedure the E-UTRAN neighbour cell information broadcast in GERAN needs to include information elements consisting of

· the center frequency of the E-UTRAN carrier of a neighbour cell and 

· the relative time offset of the next occuring S-SCH of each E-UTRAN neigbour cell using this indicated E-UTRAN carrier compared to the TDMA frame start with frame number FN mod 13=0 of the serving GSM/GERAN cell.

In the case of a synchronized E-UTRAN network, these information elements can be compressed as follows

· the time offset of the S-SCH for all E-UTRAN 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 E-UTRAN neighbour cells

· the list of n center frequencies of the E-UTRAN carriers of these neighbour cells.
A.10  Summary 
In this annex, a procedure for speeding up the search for E-UTRAN cells in GERAN has been investigated, that enables the GERAN MS to optimise the scheduling of E-UTRAN 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 E-UTRAN 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 E-UTRAN neighbour cell information.
It is proposed to consider this procedure in the specification work for GERAN to E-UTRAN interworking, setup in [11]. Such proposal for extension of the E-UTRAN neighbour cell information broadcasted in GERAN has also been sent to the RAN and SA working groups in [5]. Note, this procedure is considered as optional enhancement both for terminal and network. For initial deployment of E-UTRAN cells it may not be needed, however along the densification of networks, generating more neighbour cells for searching and monitoring, it is believed that such enhancement will provide noticable perfomance benefits both in active and in idle mode operation.






� This is an assumption taken here, although RAN has assumed radio ranges up to 100 km for E-UTRAN.
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