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On the introduction of GERAN to
E-UTRAN interworking in TS 45.008
1 Introduction

In this contribution, some issues identified during the drafting of the CR to TS 45.008 for the introduction of GERAN to LTE interworking [1] are discussed, together with the solutions that have been adopted as part of the proposed changes to the specification.
2 Neighbour cell lists
The neighbour cell lists for inter-RAT frequencies/cells that the mobile constructs using the information received from the network (either broadcast or dedicated messages) are currently named “3G Cell Reselection list” and “3G Neighbour Cell list” (and their GPRS counterparts). The mobile then uses the “GSM Neighbour Cell list” and the “3G Neighbour Cell list” to derive the “Neighbour Cell list” (if measurement reporting is done using the (PACKET) ENHANCED MEASUREMENT REPORT message). All lists are constructed according to the rules defined in TS 44.018 and TS 44.060.
With the introduction of LTE, E-UTRAN neighbour cells may be included in the system information. One option would be for the mobile to add the E-UTRAN cells to the “3G Cell Reselection list” and “3G Neighbour Cell list” lists. In that case, given that E-UTRAN is considered a “beyond 3G” technology, it should be decided whether these lists should be renamed to reflect the fact that they will contain also E-UTRAN cells (e.g. their names could be changed to “Inter-RAT Cell Reselection list” and “Inter-RAT Neighbour Cell list”), or whether their names should be left unchanged. Obviously, in order to minimise the necessary changes, it would be desirable to keep the names of the list as they are, even though the name may not reflect the exact nature of their content.
An alternative option could be the possibility to define for E-UTRAN separate lists with respect to the ones for UTRAN. For example, the E-UTRAN cells could be included in a “Beyond 3G Cell Reselection list” and “Beyond 3G Neighbour Cell list”; the latter list could then be used, together with the “GSM Neighbour Cell list” and the “3G Neighbour Cell list”, to construct the “Neighbour Cell list”. 
Looking at the existing text for inter-RAT operation in TS 45.008, it is clear that it has been written assuming that the 3G Neighbour Cell list and the 3G Cell Reselection list include all the inter-RAT cells or frequencies. For this reason, in drafting the CR in [1], it has been decided for the time being to maintain this approach; this will minimise the changes required to the specification. This decision can be reviewed and, if it should change, the CR will be revised accordingly.

Note that the discussion above refers to the lists constructed by the MS; in the system information, the UTRAN cells and the E-UTRAN cells will have to be signalled in separate structures, because they will have to be signalled in Rel-8 extensions to the existing messages.
Further discussion of the construction of the neighbour cell lists when E-UTRAN cells are included in the system information can be found in [2].

3 Issues in clause 6 (“Idle mode tasks”)
3.1 Measurement threshold(s)
Currently, for a mobile in idle mode, the monitoring of 3G cells is controlled by the parameter Qsearch_I, which defines whether the mobile should monitor UTRAN cells depending on the signal level experienced in the serving cell. With the introduction of cell reselection based on priorities, one of the parameters controlling the reselection is Threshserving,high (see [3] and [4]), which defines the level below which the mobile should monitor cells of other RATs. So the role of the two parameters is very similar.

The question is whether Threshserving,high should coincide with Qsearch_I, or whether separate thresholds should be defined (the first would apply for mobiles using the priorities algorithm, whereas the second would apply for mobiles using the legacy algorithm).
It is proposed not to reuse Qsearch_I for the priority algorithm but to define a separate parameter, as the mobile’s behaviour in relation to these two thresholds is slightly different. In particular:

· the mobile may be instructed to stop monitoring UTRAN cells if the RLA_C for the current cell is either above or below Qsearch_I, whereas it is proposed that in the case of Threshserving,high measurements are performed if RLA_C is below the threshold;
· if a cell belongs to a higher priority RAT, the mobile may still need to perform periodic measurements on that cell when the RLA_C is above the threshold, even though the periodicity may be lower than when RLA_C is below the threshold. 
It should also be decided whether there should be a separate threshold for each RAT or whether a single one for all RATs is sufficient. For the time being it is proposed to have one single threshold to control the monitoring of all other RATs. This decision could be revised at a later stage, if it is felt useful to have separate thresholds.
3.2 Monitoring capabilities
At present, the inter-RAT monitoring capabilities in idle mode are defined as:
A multi-RAT MS shall be able to monitor 64 UTRAN cells, divided into (depending on the MS capability):

- FDD cells on up to 3 FDD frequencies, with a maximum of 32 cells per frequency; and/or
- TDD cells on up to 3 TDD frequencies with a maximum of 32 cells per frequency.

In [5] it has been discussed how these should change with the introduction of E-UTRAN; this is also linked to the discussion on the number of inter-RAT cells in the neighhbour cell list.

In [1] a straightforward extension of the rule above is proposed, whereby the maximum number of inter-RAT cells (from any RAT) that the mobile shall be able to monitor is limited to 64; further constraints are given concerning how many inter-RAT frequencies these cells can be distributed upon.
It is for further investigation whether more sophisticated rules for the monitoring capabilities are required, especially in the case of terminals supporting more than one additional RAT. These could be defined at a later stage.
3.3 Predefined and default configurations
At present, it is not yet clear whether predefined configurations and/or default configurations will be defined in E-UTRAN. In UTRAN they are used mainly for voice calls, hence they may not be needed for E-UTRAN (unless they are needed for VoIP calls).

At present, to the knowledge of the authors, no decision has been made in the RAN working groups about the use of predefined and/or default configurations for E-UTRAN (the latest version of TS 36.331 [11] – version 8.0.0 – only states that “the use of default/pre-defined configurations is not precluded”). For this reason, in [1] they have not been considered. If required, they can be added at a later stage.
3.4 Identification requirements
In subclause 6.6.4, requirements for the identification and selection of inter-RAT cells for a mobile in idle mode are given, for different radio access technologies. Similar requirements need to be defined also for E-UTRAN. Tables containing the parameters for E-UTRAN will need to be included (one for FDD and one for TDD).

In [1] only a placeholder for the tables is introduced, but no information is provided in them; their exact contents is for further investigation. For the definition of the parameters and their values, guidance from RAN4 may be required.
3.5 Redirection at call release
In the CHANNEL RELEASE message, the network has the option to include a “cell selection indicator after release of all TCH and SDCCH” in order to redirect the mobile to a particular cell (possibly in another RAT) upon completion of a dedicated call. It is proposed to add the possibility to include also E-UTRAN cells in the message, so that the network can redirect the mobile to E-UTRAN.
3.6 Treselection
The parameter Treselection has been introduced to provide some time hysteresis in the reselection process [4]. There are two options, whereby either only one such parameter is defined for all RATs, or one parameter is defined for each RAT or possibly even for each inter-RAT frequency layer (see section 6).

It is proposed to only define one single parameter for all RATs; this will reduce the amount of signalling required. This may be revised at a later stage if a different approach is agreed.

4 Issues in clause 7 (“Network pre-requisites”)
4.7 Time allocated for E-UTRAN measurements
A UTRAN capable mobile in dedicated mode can use 3 seconds out of 13 seconds for 3G measurements. The definition of this requirement was based on the results provided (among others) in [6] and [7]. If a mobile monitors only E-UTRAN, a similar requirement could be defined (subject to confirmation from simulations of cell search times for E-UTRAN cells). But what if the mobile monitors cells of both RATs? Should the requirement be kept as it is, using these 3 second periods for measurements on both UTRAN and E-UTRAN cells, or should a mobile measuring both UTRAN and E-UTRAN (or in general more than one RAT) have different requirements (e.g. x seconds out of 10+x used for inter-RAT measurements, where x may be dependent on the number of monitored RATs)?
These aspects have already been discussed in [8], where it is highlighted that, because there may not be enough search frames to monitor cells in all RATs included in the neighbour cell list, the search frames could be allocated according to the priority of the RATs.
For the time being, in order to minimise the impact on GERAN procedures, it is proposed that the rule of using 3 seconds out of 13 is kept also when monitoring both UTRAN and E-UTRAN. Whether this allows an acceptable inter-RAT monitoring performance is for further investigation. If considered useful, the rule above may be relaxed at a later stage.
Note that in subclause 8 of TS 45.008 it is stated that “If indicated by the parameter 3G_SEARCH_PRIO, the MS may use up to 25 search frames per 13 seconds without considering the need for BSIC decoding in these frames”. Depending on the particular solution chosen, this statement (and similar ones in other subclauses) may need to be modified accordingly.
For the time being, in [1] it is also assumed that the parameter 3G_SEARCH_PRIO applies to both UTRAN and E-UTRAN.
4.8 Identification requirements
In subclause 7.3, requirements for the detection and reporting of inter-RAT cells for a mobile in dedicated mode are given, for different radio access technologies. Similar requirements need to be defined also for E-UTRAN. Tables containing the parameters for E-UTRAN will need to be included (one for FDD, one for TDD).
As in the case of idle mode, in [1] only a placeholder for the tables is introduced, but no information is provided in them; their exact contents is for further investigation. For the definition of the parameters and their values, guidance from RAN4 may be required.
5 Issues in clause 8 (“Radio link measurements”)
5.9 Reporting priority
In subclause 8.4.7 several parameters are defined that allow the network to control the reporting of inter-RAT cells when using Enhanced Measurement Reporting. These include:

· XXX_MULTIRAT_REPORTING: their value gives the number of cells, in each supported radio access technology/mode in the neighbour cell list, to be reported;

· XXX_REPORTING_THRESHOLD: the minimum level for the neighbour cell in order to be reported;
· XXX_REPORTING_OFFSET: offset to be applied to the reported value when prioritising the cells for reporting.
In all cases, XXX could be either (UTRAN) FDD or (UTRAN) TDD (corresponding parameters are also provided for each GSM frequency band).
In [1] it is assumed that these parameters apply also to the case where cells of more than one RAT need to be reported. Whether separate parameter need to be defined for E-UTRAN FDD and E-UTRAN TDD is for further investigation.
It is worth noting that some of these parameters apply only in the case of Enhanced Measurement Reporting. In order to avoid some of the limitations of normal measurement reporting, it could be proposed that support of EMR is mandatory for E-UTRAN capable mobile stations. Additionally, GERAN networks that interwork with E-UTRAN shall also support EMR, and will command E-UTRAN capable MSs to perfom measurement reporting using EMR.
5.10 Measurement quantities

In subclause 8.1.5, the measurement quantities for other radio access technologies are described. At present, RAN1 has defined the following measurement quantities for E-UTRAN: RSRP, RSRQ and E-UTRA carrier RSSI [10]. The ranges for these quantities are currently under discussion in RAN4, and their ranges are yet to be defined. Hence their mapping in GERAN is for further investigation. For this reason, the newly created subclauses 8.1.5.4 and 8.1.5.5 are not yet complete, and will need to be revised once the details of these quantities have been finalised by RAN4.

Also under discussion in RAN4 is whether RSRQ should be used by the network for link quality determination for handover purposes (with a similar role as Ec/N0 for UTRAN), and hence if and under what circumstances it should be reported to the network. For these reasons, monitoring requirements on E-UTRAN cells are for further investigation.
6 Issues in clause 9 (“Control parameters”)
As described in [3] and [4], for the priorities algorithm the following thresholds need to be defined for measurement and reselection:

· Threshserving_high, are thresholds that define when the MS performs inter-RAT measurements. This threshold refers to the level in the serving cell. This has already been discussed in section 2.
· Threshserving_low is a threshold that defines the level below which the UE should no longer camp on the serving cell, and a reselection is initiated. This threshold refers to the level in the serving cell.

· Threshx,low are thresholds that define the minimum level acceptable for reselection to a cell of another RAT; "x" could be "RATm" (one threshold per RAT). These thresholds refer to the level in the target RAT.

· Threshx,high are thresholds that define the level above which the UE will perform reselection to a cell of a higher priority RAT; "x" could be "RATm" (one threshold per RAT). These thresholds refer to the level in the target RAT.
In [1], these parameters are added to the list in Table 1 and Table 3 of TS 45.008 (they will need to be included in the relevant messages in TS 44.018 [12] and TS 44.060 [13]). Separate thresholds are defined for each RAT and mode (FDD/TDD).

For E-UTRAN, RAN2 has agreed that different frequency layers could have different priorities
. It should be decided whether in GERAN the priority indication is given only per RAT, or whether it could be possible to signal a priority level for each frequency layer (for the RATs for which this is applicable). The disadvantage of the second option is that more information needs to be signalled, and in GERAN control channel bandwidth is limited. In [1] it is assumed that priorities will only be given per RAT/mode.

In order to reduce the code/signalling space used by the thresholds, one possibility could be to signal only the low or the high value and the an offset from this one to reach the other parameter This would also make it impossible to have some error cases where the high threshold is signalled lower than the low. Also some "forced" hysteresis could be introduced if the offset starts from 2 or 3 dB or so.
7 Open issues in clause 10 (“GPRS mode tasks”)
Most of the issues discussed in the preceding sections for the non-GPRS case apply also to GPRS. The solutions for GPRS should be similar.
8 Conclusions

In this document, some issues identified during the drafting of the CR to TS 45.008 [1] have been discussed; for some of them, corresponding solutions have been proposed, while others may require further investigation. The decisions are reflected in the CR submitted to this meeting. If during the discussion of the CR it emerges that alternative solutions are preferred, the CR will be revised accordingly.
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� Inter-frequency cells could have either equal priority or different priority. If inter-frequency cells have equal priority, reselection between these cells will be based on the ranking algorithm; if inter-frequency cells have different priority, reselection between these cells will be based on the priority algorithm. Note that for E-UTRAN it has been agreed that inter-RAT cells cannot have equal priority as E-UTRAN cells.
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