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Referencing 3G frequencies in the (GPRS) 3G Cell Reselection list
1. Introduction
At GERAN#43, some contributions [1][2] raised the issue that, with the information elements that are currently defined in TS 44.018 and TS 44.060, it is not possible to assign priorities for 3G frequencies on their own contained in the 3G Cell Reselection list. The reason is that the “UTRAN Frequency Index” points to entries in the (GPRS) 3G Neighbour Cell list; but no index exists to reference frequencies on their own contained in the 3G Cell Reselection list.
At GERAN2#43bis a contribution addressing these issues and proposing a method to associate priorities with frequencies on their own in the (GPRS) 3G Cell Reselection list has been discussed [3]. A revision of that contribution can be found in [4].

The purpose of the present contribution is to present alternative proposals for associating cell reselection priorities to frequencies on their own in the (GPRS) 3G Cell Reselection list.

During the discussion of the proposals in [3] it has emerged that a different understanding exists in different companies about the interpretation of the existing (pre-Rel-8) requirements concerning the construction of the lists for measurement, reporting and reselection of 3G neighbours. Therefore, in the present contribution the understanding of the sourcing companies is presented. A common understanding of the existing requirements should be reached within GERAN, so that it is then possible to agree the best method to introduce the necessary changes for GERAN to UTRAN interworking in Rel-8.
NOTE:
In the rest of the document we will only refer to the 3G Cell Reselection list and 3G Neighbour Cell list, but the discussion applies equally to the GPRS 3G Cell Reselection list and GPRS 3G Neighbour Cell list.
2. Legacy operation
In this section, some issues to be clarified regarding legacy operation are presented.
Issue 1 – 3G Cell Reselection list vs 3G Neighbour Cell list

In TS 44.018 and TS 44.060 the (GPRS) 3G Cell Reselection list and the (GPRS) 3G Neighbour Cell list are defined. The first is used for cell reselection (in idle mode and, for GPRS, whenever the mobile performs autonomous cell reselection), the latter is used for measurement and reporting (in dedicated mode and, for GPRS, in NC1 and NC2). During the discussions, some confusion has emerged regarding what the relationship between the two lists is.

The sourcing companies believe that the two lists can be viewed as two separate "logical lists", which nonetheless share some common elements:
3G Neighbour Cell list
=
3G cells (frequency + scrambling code) + "frequencies on their own" (only for RSSI reporting)

3G Cell Reselection list
=
3G Neighbour Cell list – "frequencies on their own" (only for RSSI reporting) + "frequencies on their own" (for cell detection)

So, changes (additions, deletions, etc.) to the cells contained in the 3G Neighbour Cell list are automatically reflected in the 3G Cell Reselection list. In other words, whenever the 3G Neighbour cell list is modified, the 3G Cell Reselection list is updated according to the modified 3G Neighbour cell list.
Proposed assumption 1: Changes to the 3G Neighbour Cell list are reflected in the 3G Cell Reselection list.

In a terminal, the details of how this is achieved are dependent on the specific implementation, and are outside the scope of this document.

Let’s consider, for example, the following statement in subclause 10.1.1.3 of TS 45.008:

For a multi-RAT MS, cells or frequencies with other radio access technologies (excluding E-UTRA) may also be included in the GPRS 3G Cell Reselection list to be monitored (see 3GPP TS 44.060). This list may be modified by Packet Measurement Order or Packet Cell Change Order messages (see 3GPP TS 44.060).

Although PMO and PCCO can only add entries to the GPRS 3G Neighbour Cell list (see issue 3), changes to the cells contained in the 3G Neighbour Cell list are automatically be reflected also in the 3G Cell Reselection list. Hence the statement is not incorrect.
Issue 2 – Interpretation of n=17-31 for FDD_CELL_INFORMATION
Regarding the parameter FDD_CELL_INFORMATION in Table 9.1.54.1 of TS 44.018 and Table 11.2.9b.2 of TS 44.060, the specifications state:

If n=0 and FDD_Indic0 = 0, this indicates the 3G Neighbour Cell list index for report on RSSI, see 3GPP TS 45.008.

This is used to add a frequency on its own (for RSSI reporting) to the 3G Neighbour Cell list. In the case where n=0 and FDD_Indic0 = 1, on the other hand, one cell is added to the 3G Neighbour Cell list with scrambling code/diversity parameter value '0000000000' for that UARFCN.

For FDD_CELL_INFORMATION the description in the tables above also state that:

If n is equal or greater than 17, this shall not be considered as an error; the corresponding index in the 3G Neighbour Cell list shall be incremented by one.

If n=17-31, one entry is created in the 3G Neighbour Cell list. It is the understanding of the sourcing companies that the contents of the position pointed to by that index should be considered as invalid. The values 17-31 should be treated as an abnormal case; the maximum number of cells that can be signalled in a single instance of a message is 16, this is why values above 16 are not expected to occur, at least in the existing releases of the specifications (the condition above has been included for compatibility with future releases).

Proposed assumption 2: When n=17-31, the corresponding entry in the 3G Neighbour Cell list is invalid.
Issue 3 –Frequencies on their own provided by PMO and PCCO
Subclause 10.1.1.3 of TS 45.008 contains the following statement
:
Both valid cells as defined in subclause 8.4.7, and any identified cell on a frequency for which not full identification is included in the GPRS 3G Cell Reselection list, shall be considered for re-selection.

Let’s consider the case of a frequency for which n=0 and FDD_Indic0 = 0; in this case the frequency is added to the 3G Neighbour Cell list. It is the understanding of the sourcing companies that these frequencies shall not be used for reselection, only for RSSI reporting.

In Table 10.5.2.33b.2 of TS 44.018 (describing the fields of the SI2quater message) it is stated:
UTRAN FDD DESCRIPTION

For detailed element definitions see the Measurement Information message with the following exception for the FDD_CELL_INFORMATION field:

FDD_CELL_INFORMATION (p bit field)

If parameter n in table 9.1.54.1a. is equal to 31, this indicates that the corresponding UARFCN shall be included in the 3G Cell Reselection list (see sub-clause 3.4.1.2.1.7); no index shall be allocated in the 3G Neighbour Cell list.

This indicates that frequencies on their own for reselection can be provided only when n=31. The value n=31 can occur only in SI2quater but not in MEASUREMENT INFORMATION, PACKET MEASUREMENT ORDER or PACKET CELL CHANGE ORDER
.
Proposed assumption 3: MEASUREMENT INFORMATION, PACKET MEASUREMENT ORDER and PACKET CELL CHANGE ORDER cannot add frequencies on their own (for reselection) to the 3G Cell Reselection list; they can only add frequencies for RSSI reporting to the 3G Neighbour Cell list. Only SI2ter and SI2quater can add frequencies on their own (for reselection, i.e. without an index) to the 3G Cell Reselection list.
It is worth noting that RSSI reporting is possible only in case the 3G Neighbour Cell list includes cells from that frequency; in other words, reporting of RSSI measurements on their own are not allowed, but should always accompany the measurement report of a cell on that frequency. This is clearly stated in subclause 8.4.7 of TS 45.008:

If the neighbour cell list contains a UTRAN frequency for which RSSI shall be reported, that report shall be included whenever a cell on that frequency is reported (RSSI shall be reported once per frequency occurence in the neighbouring cell list).

It is the assumption of the sourcing companies that the statement above applies not only to measurement reporting in dedicated mode, but also to measurement reporting in NC1 or NC2 for GPRS.

Issue 4 – Validity of the information provided by PMO and PCCO
The 3G Neighbour Cell list can be updated by PMO and PCCO during packet transfer mode (by PMO even in packet idle mode, see subclause 7.5 of TS 44.060). What happens to the frequency-related information provided by these messages after the mobile goes back to packet idle mode? TS 45.008 indicates that this information continues to be valid even after the mobile has gone back to packet idle mode until (among other conditions) a new list is built (change of 3G_BA_IND) or the mobile selects a new cell, see subclause 10.1.4:

A parameter NC_FREQUENCY_LIST may also be sent individually to an MS on PCCCH or PACCH. This list adds/deletes frequencies to the BA(GPRS) both for cell re-selection and for measurement reports. The NC_FREQUENCY_LIST and the REP_PRIORITY are valid until an empty NC_FREQUENCY_LIST is sent to the MS, there is a downlink signalling failure or the MS selects a new cell or the BA(GPRS) that is modified by the NC_FREQUENCY_LIST changes or MS enters dedicated mode (A/Gb mode) or RRC-Cell_Dedicated state (Iu mode).

The same considerations regarding validity apply to lists that include cells with other radio access technologies.

This is different from what happens for the measurement parameters, which are deleted after the MS goes back to packet idle mode (in fact, when it goes back to GMM Standby, to be more precise):

A set of measurement reporting parameters ([list omitted]) is broadcast on PBCCH or on BCCH if PBCCH does not exist. This set of parameters may also be sent individually to an MS on PCCCH or PACCH in:

- a PACKET MEASUREMENT ORDER message, in which case it overrides the NC parameters broadcast in the serving cell. These individual parameters are only valid in the serving cell.

- a PACKET CELL CHANGE ORDER message, in which case it overrides the NC parameters broadcast in the target cell. These individual parameters are only valid in the target cell.

The individual parameters are valid until the RESET command is sent to the MS or there is a downlink signalling failure or a random access failure or if the cell is barred or the C1 criterion falls below zero or the MS goes to the GMM Standby state (A/Gb mode) or RRC-Idle mode or RRC-GRA_PCH state (Iu mode) or MS enters dedicated mode (A/Gb mode) or RRC-Cell_Dedicated state (Iu mode). 

Assumption 4: If the 3G Cell Reselection list is modified by the PACKET MEASUREMENT ORDER message, the modified list continues to apply in packet idle mode until one of the events listed in TS 45.008 occurs.

When PMO or PCCO change the 3G Neighbour Cell list, i.e. adds or deletes 3G cells or frequencies (for RSSI reporting), then the 3G Cell Reselection list should also be updated at this point (see issue 1). Otherwise it would mean that the mobile keeps measuring those cells which were deleted by the PMO/PCCO and possibly reselect to them; and similar for cells added by PMO/PCCO.

3. Assigning priorities to frequencies on their own
In general, indexing information is necessary every time information provided in one message needs to be referenced in another message (for example, an index within the neighbour cell list is needed because cells provided in the system information messages need to be referenced in the measurement report message). Under the assumption that PACKET MEASUREMENT ORDER cannot add 3G frequencies on their own for reselection (but only for RSSI reporting, see issue #3), and given that MEASUREMENT INFORMATION cannot signal frequencies on their own (it would be useless as reporting would not be possible on cells of these frequencies, unless they are already in the 3G Neighbour Cell list), then frequencies on their own for reselection can be provided only by SI2ter and SI2quater.

Leaving aside individual priorities, let’s concentrate on common priorities for the time being. If priority information for 3G cells and frequencies is provided only in SI2quater (in which case we may need to reference in SI2quater frequencies provided in SI2ter), then one possibility could be to introduce an indexing mechanism for the frequencies on their own. This requires that an order in which they are added to the 3G Cell Reselection list is defined. For example, one possible method for ordering them could be as follows:

· First, frequencies provided by SI2ter. Each frequency in each instance of SI2ter is added to the list in the order in which they appear in the UTRAN FDD Description struct or UTRAN TDD Description struct IEs; different instances of SI2ter shall be evaluated in ascending order of the SI2ter_INDEX of the SI2ter message that they are received in.

· Then, frequencies provided by SI2quater. Each frequency in each instance of SI2quater is added to the list in the order in which they appear in the Repeated UTRAN FDD Neighbour Cells struct or Repeated UTRAN TDD Neighbour Cells struct IEs; different instances of SI2quater shall be evaluated in ascending order of the SI2quater_INDEX of the SI2quater message that they are received in.

By doing so, an indexing mechanism can be defined which can then be used in the "3G Priority Parameters Description" IE to reference each frequency. A maximum of 8 frequencies can be indexed. Therefore a new 3-bit parameter needs to be defined. With this new parameter, the indexing within the list of 3G frequencies on their own would be independent of the indexing within the 3G Neighbour Cell list. This would resolve some of the issues raised at G2#43bis regarding the proposals in [3], and in particular that the scheme proposed in [3] interferes with the existing indexing within the 3G Neighbour Cell list.

However, an even simpler solution is possible: provide priorities in SI2ter for frequencies signalled in SI2ter, and priorities in SI2quater for frequencies signalled in SI2quater; the order of the priorities within each message will need to be the same as the order of the frequencies within the message (of course, relative to a given 3G_BA_IND). By doing so, frequencies provided in SI2ter or SI2quater do not need to be referenced other messages, so no new index needs to be defined.
But for this latter scheme a problem could arise in the case of individual priorities. If "efficient coding" of individual priorities is not defined then there is no problem, as in the Individual Priorities IE 3G frequencies and cells need to be signaled explicitly. But if "efficient coding" is agreed (especially as proposed in [5] and related CRs), then the 3G frequencies provided by system information may need to be referenced in the CHANNEL RELEASE, PACKET MEASUREMENT ORDER or PACKET CELL CHANGE ORDER messages, and in that case an indexing mechanism would be useful. Of course, it is not indispensable: if "efficient coding" is agreed but referencing of 3G frequencies on their own is not possible via an index, it would still be possible to assign individual priorities to those frequencies by means of an explicit coding (i.e. using the UARFCN).
In any case, the conclusion is that there are alternative proposals to the ones contained in [4] that do not require changing the way that the UTRAN_FREQUENCY_INDEX currently works. It is indeed the opinion of the sourcing companies that the legacy indexing mechanism should not be affected by the introduction of the priority reselection algorithm.
4. Conclusion
As a first step, it is suggested that the proposed assumptions given in section 2 are discussed, so that a common understanding on the existing (pre-Rel-8) requirements and procedures can be reached in GERAN. It is worth reminding that the intention is not to change the existing behaviour, that has been in the specifications since Release 99, but to clarify the correct interpretation of the specifications.
If clarifications to the specifications are considered useful, the sourcing companies will be happy to provide the necessary Change Requests so that ambiguities are removed.

It is also recommended that the proposals for assigning priorities to the frequencies on their own in the 3G Cell Reselection list are discussed, and a solution is chosen. Also in this case, the sourcing companies will be happy to provide the necessary correction CRs to the affected specifications.
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� 	From the statement and its position in the specifications it can be clearly derived that frequencies on their own in the 3G Cell Reselection list can be used for cell reselection not only in idle mode, but in packet transfer mode (whenever the MS performs autonomous cell reselection).


� 	PSI3quater is ignored, due to the decision to remove mandatory support for P-channels by mobile stations in A/Gb mode made at GERAN#43. Note also that the coding in SI2ter to signal frequencies on their own is different, and does not contain the parameter FDD_CELL_INFORMATION.





