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1
Introduction
In defining dedicated priorities, it has been agreed that, at inter-RAT cell reselection, the UE inherits in the target RAT the priorities provided by dedicated signalling in the source RAT (together with the remaining time for the validity timer).
One use that has been proposed for dedicated priorities is to enable network sharing and/or national roaming [1][2]. In a possible example, two GSM networks GERAN-A and GERAN-B may interwork with one shared UTRAN or E-UTRAN network. The proposed arrangement is that the UTRAN or E-UTRAN network broadcasts two groups of GSM frequencies; when the UE performs LA/TA Update, the network determines whether the subscriber belongs to GERAN-A or GERAN-B, and enables the correct set of GSM neighbours by sending dedicated priorities to the UE only for the correct network
. In general, this principle can be used whenever the UTRAN or E-UTRAN network operates with two different GERAN PLMNs but some customers only have access to one of them; in this case, no dedicated priority would be assigned for those GERAN frequencies where the subscriber in question does not have access.

However, unfortunately GERAN signalling does not fully support this. The signalling defined in the GERAN specifications (TS 44.018 and 44.060) is such that only one value for the GERAN priority can be provided, without any frequency information attached to it; in other words, in GERAN it is not possible to have different priority values for different groups of GSM frequencies: there is only one GERAN_PRIORITY value, which is valid for the whole PLMN of the serving cell. If the mobile receives dedicated priorities in GERAN, the GERAN priority is valid only for the PLMN that they are received in; at present, there is no possibility to provide the priorities for other GERAN PLMNs.
If dedicated priorities are provided in UTRAN or E-UTRAN, and different priorities are provided for different groups of GERAN frequencies, upon reselection to GERAN what priority should the mobile station assume for GERAN? A simple and straightforward rule could be that, if more than one individual priority is assigned for GERAN, the mobile station shall only use the individual priority applicable to the GERAN cell that is reselected when reselecting from UTRAN or E-UTRAN
. The sourcing companies will submit change requests to GERAN#43 to include this rule in the GERAN specifications.
2
GERAN dedicated priority at reselection from GERAN
Some issues arise also when reselection occurs in the opposite direction.  If the mobile camps in GERAN and receives dedicated priorities, upon reselection to UTRAN or E-UTRAN the mobile would inherit the dedicated priorities received in GERAN. What should be the UE’s behaviour in this case? The mobile could apply the GERAN priority to all groups of GERAN frequencies broadcast in the UTRAN and E-UTRAN system information
. This could lead to undesired behaviour; in the example above, if a terminal belonging to GERAN-A reselects to UTRAN or E-UTRAN and applies the GERAN priority to all GERAN frequencies in the system information, this may allow the mobile to attempt reselection to GERAN-B.

In order to resolve these issues (assuming that E-UTRAN would not update individual priorities immediately after GERAN to E-UTRAN reselection), one might think that an obvious rule would be to specify that the UE shall apply the GERAN priority only for the GSM cell group defined in the system information of the reselected cell that includes the GSM cell that the UE has reselected from; for any other GSM cell group defined in the system information, the UE should consider the priority as not available..

In order for network sharing to work properly, a "group of GERAN frequencies" need to include all the possible frequencies of a PLMN, even if they belong to different bands or if multiple ARFCN ranges belonging to the PLMN are present within one band. In practice, priorities should be defined so that a different GERAN priority "layer" corresponds to each PLMN. Unfortunately, this does not seem to be always possible with the coding in TS 36.331. First of all, with the CarrierFreqsGERAN IE it is not possible to assign a single priority to "a group of groups of frequencies" (i.e. having some sort of loop in the coding). Also, with the "variableBitMapOfARFCNs" field in the CarrierFreqsGERAN IE, only a maximum of 128 consecutive frequencies can be indexed (the field is made up of 16 octets), so it may not be possible to signal frequencies from multiple bands (for example, the GSM900 ARFCN range is 0 ≤ n ≤ 124 and 975 ≤ n ≤ 1023, while the DCS1800 band is 512 ≤ n ≤ 885, see TS 45.005). A similar conclusion applies to the coding for the "GSM cell group" IE in TS 25.331
. Other coding options restrict the number of signalled frequencies to 32, which may not be sufficient to encode all the BCCH carrier frequencies in a PLMN.
Within UTRAN or E-UTRAN, it could be possible for the network to broadcast different "groups of GERAN frequencies" for the same PLMN (they could have the same priority). If dedicated priorities are provided in UTRAN or E-UTRAN, the network knows which groups belong to a particular PLMN, so the network could assign priorities for all of those to enable reselection to that PLMN. But for a mobile coming from GERAN the information about what groups belong to the same PLMN would be missing. This could lead to potential problems in some realistic scenarios.
One common scenario is where the network comprises a GSM 900 coverage layer and a DCS 1800
 capacity layer. If a group of frequencies cannot cover both layers, the network could broadcast two groups of frequencies, one for each layer. If the mobile camps on GSM and reselects the DCS 1800 capacity layer and from there reselects E-UTRAN, using the rule above it would assume no priority for GSM 900, so no reselection from E-UTRAN to the GERAN coverage layer. But reselection to the GERAN coverage layer would be essential. In fact, E-UTRAN might only consider reselection towards the GERAN coverage layer, after all in a typical case GERAN would be reselected when E-UTRAN coverage fades and the GSM coverage layer would be essential and typically the only one needed.

Another scenario is where the GERAN frequency allocation is different at different geographical areas (for example if an operator has different GSM 900 frequency ranges – with competitor frequencies in-between – plus some frequencies in the DCS 1800 band). LTE cells might broadcast only those GERAN groups of frequencies that are locally "on air" but once the mobile moves while served by LTE, the GSM neighbours are indicated on a different group of frequencies while the rule states that the "old" GERAN group of frequencies only has a valid priority, no valid priority for the local GSM neighbours (at the new place).

3
Possible ways forward

In order to address the issues above, some of the options include the following.
1) Do nothing: the problem is not considered to be significant, and network planning and configuration can avoid any issue in most cases. If in “translating” the priorities the rule is adopted that a single GERAN priority would be used for all GERAN groups of frequencies defined in E-UTRAN, the drawback would be some useless reselection attempts towards not allowed GERAN cells. Those frequencies would become blocked from reselection after a failed reselection attempt (at least for a certain period of time), so no further reselection attempts would be made. The UTRAN or E-UTRAN network could even deliver an update of individual priorities at this point, if it has not been done earlier.
2) Make changes to the signalling in UTRAN and E-UTRAN so that it is possible to signal a group of GERAN frequencies as a collection of several subgroups. In other words, changes could be to make to the ASN.1 coding for the “CarrierFreqsGERAN” IE in TS 36.331 and the "GSM cell group" IE in TS 25.331, thus enabling the coding of groups of GERAN frequencies for the scenarios above possible. Given that Rel-8 is now frozen, any changes to the ASN.1 should be carefully evaluated.
3) Ask GERAN whether it is possible to modify the signalling in the GSM specifications by extending the message coding for individual priorities to allow indication of priorities for multiple groups of GERAN frequencies.
4) Specifying that the network always provides new dedicated priorities when the mobile reselects from GERAN. However, this may be against the principles that have led to the definition of ISR (Idle mode Signalling Reduction) in the 3GPP specifications.
5) Other? 
4
Conclusions

The sourcing companies would like to request the opinion of RAN2 on the issues raised in the present contribution regarding some aspects of dedicated priorities, and whether any changes to the current UTRAN and E-UTRAN specifications would be useful. If changes are considered useful, the necessary Change Requests can be provided.
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�	Network sharing between GERAN and UTRAN can be enabled using SIB18 instead.


�	The UE may retain knowledge of the dedicated priority information received in UTRAN or E-UTRAN, so that it is available if the mobile reselects back to (E-)UTRAN and dedicated priorities have not been updated while in GERAN.


�	Note that in this case the UE would rely on the information provided in the system information of the target cell for the definition of the different groups of GERAN frequencies, because this information has not been provided by the dedicated priorities in GERAN.


�	Note that the "GSM cell group" IE has the option to specify the Starting ARFCN and the Ending ARFCN of the frequency range; however, this may not be suitable for the example given for the second scenario (see further in the document).


�	The analysis applies also for PCS1900.
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