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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 information derived from 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 presented [3]. A revision of that contribution has been presented at GERAN#44 [4]. The issue has also been considered in [5], also presented at GERAN#44.
The purpose of the present contribution is to discuss different proposals for associating cell reselection priorities to frequencies on their own in the (GPRS) 3G Cell Reselection list, so as to determine the best one to include in the GERAN specifications.

2 Interpretation of the UTRAN Frequency Index
During the discussion of the proposals in [3] it has emerged that a different understanding exists in different companies of the definition of the “UTRAN Frequency Index” in TS 44.018 and TS 44.060.
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.
TS 44.018 and TS 44.060 include in the definition of the UTRAN Frequency Index the following text:
“UTRAN Frequency Index (5 bit field): This field is an index into the 3G Neighbour Cell list of the UTRAN frequency.”

Literally speaking, stating that a parameter “is an index into a list” means that the value n of the parameter (n=0..N–1) points to the (n+1)th position within that list (0 points to the first position, 1 points to the second position, etc. up to (N–1) which points to the Nth position); so the text above means that if the UTRAN Frequency Index takes the value n, it points to the (n+1)th cell within the 3G NCL. This is shown in Figure 1. The frequency corresponding to that index could be the frequency on which the cell at that position resides.
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Figure 1
The alternative understanding is in line with the text describing the UTRAN Frequency Index that follows the text quoted above:
“A value of 0 refers to the first UTRAN frequency (TDD-ARFCN or FDD-ARFCN) defned in the list. A value of 1 refers to the second defined frequency and so on.”
In practice, this indicates that the index points to a list of 3G frequencies, which is constructed from the 3G NCL and for which the order in which the frequencies appear in this list depends on the order in which they appear in the 3G NCL: whenever a cell appears in the 3G NCL on a frequency for which an index is not yet defined, then the next available value of the index is associated to that frequency, which effectively means adding the frequency to the frequency list. This is shown in Figure 2.
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Figure 2
The main concern with this proposal is that effectively a new list is being defined, in addition to the 3G NCL and to the 3G Cell Reselection list (note that so far frequencies on their own have not yet been considered).

In contribution [4], the interpretation of the UTRAN Frequency index as in Figure 2 is assumed. Hence the proposal to use the last entries in the list (those pointed to by the indices 31, 30, 29, etc.) to point to the frequencies on their own, while indices 0, 1, 2, etc. are used to reference the frequencies deriving from cells in the 3G NCL.
3 Discussion
With the clarifications above, the proposal contained in [4] could be a good way forward. However, as the current description of the UTRAN Frequency index contains some ambiguity, as a minimum it will need rewording. One possibile proposal – restricted to the frequencies contained in the 3G Neighbour Cell list – could be the following:
UTRAN Frequency Index (5 bit field): This field is an index into UTRAN frequencies contained in the 3G Neighbour Cell list of the UTRAN frequency. A value of 0 refers to the first UTRAN frequency (TDD-ARFCN or FDD-ARFCN) defined contained in the 3G Neighbour Cell list. A value of 1 refers to the second defined frequency contained in the 3G Neighbour Cell list and so on. A frequency is said to be contained in the 3G Neighbour Cell list if a cell on that frequency is included in the list. Indices are allocated according to the order in which 3G cells appear in the 3G Neighbour Cell list. When multiple cells on the same frequency are included in the 3G Neighbour Cell list, only one index is defined for that frequency.
In order to avoid ambiguities, the possibility to define the list of frequencies explicitly (i.e. a “UTRAN Frequency list”
) could be considered. This would help to clarify the definition of the index in scenarios that currently are not fully specified. For example, if one or more 3G cells on a new 3G frequency are added to the 3G NCL using the PACKET MEASUREMENT ORDER message (i.e. cells on frequencies on which no cells are included in the system information), then it is currently not well defined how the UTRAN Frequency index for that frequency is derived. Although the correct mobile behaviour in this scenario could be considered obvious, without a proper description there is always the chance for different understandings, possibly leading to different product implementation. So while the definition of a new list is not strictly necessary, it would make the specifications less ambiguous.
However, the sourcing companies understand that defining a new list into the GERAN specifications would add complexity, and should be avoided if possible.

With the interpretation provided by Figure 2, the length of the frequency list (and the size of the index) could be reduced; it is highly unlikely that more than 16 frequencies (corresponding to a 4-bit index) will ever be present in the list, and in fact its size could even be reduced to 8 (corresponding to a 3-bit index). This would be beneficial in reducing the size of the signalling messages.
As frequencies on their own can come from both SI2ter and SI2quater, the exact order in which they are added to the list needs to be defined. Although it is seen unlikely in practice that 3G frequencies on their own would come from both SI2ter and SI2quater simultaneously, the specifications allow this possibility, so it should be addressed. The CRs in [6] and [7] already take these aspects into account.
As a final observation, in TS 44.018 two different names “UTRAN Frequency Index” and “UTRAN_FREQUENCY_INDEX” are used for what is effectively the same parameter (in TS 44.060 only the latter one is used). It is proposed that a single name is used throughout the specification so as to ensure consistency and to avoid possible confusion. The sourcing companies propose that the name “UTRAN_FREQUENCY_INDEX” is used throughout. Similarly, it is proposed that the name “E-UTRAN_FREQUENCY_INDEX” is used for the index into the E-UTRAN Neighbour Cell list.
4 Conclusion
In this contribution, the definition of UTRAN frequency index has been reviewed, and a proposal for the revision of its description in TS 44.018 and TS 44.060 has been provided. The comments made in section 3 have been taken into account in preparing the CRs in [8] and [9].
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� 	Note that the specifications already contain the definition of a “UTRAN Frequency List” (see subclause 10.5.2.1d of TS 44.018 or subclause 11.2.25b of TS 44.060). Therefore the name chosen for this new list may be different.
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