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Disc on constructing UTRAN frequency index
1 Background
In GERAN#43 meeting, some questions about how to construct UTRAN frequency index which is used for setting measurement control, priority and 3G CSG related parameters were raised. It is thought that UTRAN frequency indices for setting 3G priority parameters are indices of the frequencies in 3G Cell Reselection list. However, in current specifications there is no text to specify UTRAN frequency indices for the frequencies in 3G Cell Reselection list. This paper focuses on how to maintain (GPRS) 3G Cell Reselection list and how to construct UTRAN frequency indices for the frequencies in 3G Cell Reselection list.
2 Discussion
2.1 Why need to modify 3G Cell Reselection list
From the text In TS44.018 sec 3.4.1.2.1.7 and TS44.060 sec 5.6.3.7, it is concluded that:

1) (GPRS) 3G Cell Reselection list is constructed from one or more instances of the S!2quater and/or SI2ter messages.

2) (GPRS) 3G Cell Reselection list is comprised of 3G cells in the SI2quater message and frequencies on their own which are 3G frequencies not providing 3G cells explicitly in the S!2quater and/or SI2ter messages.

3) (GPRS) 3G Cell Reselection list is not modified by PMO or PCCO after it is constructed from S!2quater and/or SI2ter messages..
However, in TS 45.008 sec 6.6.4, it distinctly states that the PCCO and PMO can modify GPRS 3G Cell Reselection list, i.e. “For a multi-RAT MS, cells or frequencies with other radio access technologies  (excluding E-UTRA) may also be included in the GPRS (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)”. 
(GPRS) 3G Cell Reselection list is for cell reselection and NCL is for measurement and reporting. If a set of cells on a UTRAN frequency are added to 3G NCL by PMO but not added to (GPRS) 3G Cell Reselection list, any of these new added cells in 3G NCL will not be considered as a candidate target cell for cell reselection. In other word, for autonomous cell reselection, e.g. in NC0 or NC1 mode, adding new cells to 3G NCL is meaningless. So it is proposed that (GPRS) 3G Cell Reselection list can be modified by PMO or PCCO after it is constructed from the SI2quater and/or SI2ter messages.
Proposal 1: GPRS 3G Cell Reselection list may be modified by PMO or PCCO after it is constructed from the S!2quater and/or SI2ter messages.
2.2 How to modify (GPRS) 3G Cell Reselection list
For the sake of clearness, this paragraph only discusses the scenario where 3G NCL is not modified by PMO or PCCO. According to current spec, all 3G cells shall be both included in 3G NCL and (GPRS) 3G Cell Reselection list, and all frequencies on their own if existing in the SI2quater and/or SI2ter message shall be included in (GPRS) 3G Cell Reselection list, but only a part of frequencies on their own in the SI2quater message may be included in 3G NCL as shown in figure 1. Thus, it is thought that (GPRS) 3G Cell Reselection list is comprised of two parts. The first part contains 3G cells and 3G frequencies which comprise 3G NCL. The second part contains frequencies on their own excluding those for constructing 3G NCL. 
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Figure 1 (GPRS) 3G Cell Reselection list is comprised of two parts.

It is also specified that PMO or PCCO modifies 3G NCL based on the 3G NCL index. In order to implement the mechanism to modify (GPRS) 3G Cell Reselection list by PMO and PCCO, there are three alternatives like following: 
· Alternative A1: create indices for the 3G cells and 3G frequencies in (GPRS) 3G Cell Reselection list, 
· Alternative A2: include 3G NCL into (GPRS) 3G Cell Reselection list, so (GPRS) 3G Cell Reselection list includes 3G NCL and frequencies on their own not included in 3G NCL.
· Alternative A3: update 3G cells and 3G frequencies by changing 3G NCL.

For the alternative A1, the index to (GPRS) 3G Cell Reselection list is a different index from that to 3G NCL. Using indices for the 3G cells and 3G frequencies in (GPRS) 3G Cell Reselection list, PMO or PCCO can modify (GPRS) 3G Cell Reselection list using the mechanism like modifying 3G NCL. Moreover, the index to (GPRS) 3G Cell Reselection list can also ensure the synchronization at MS and BSS side. The new IEs for modifying (GPRS) 3G Cell Reselection list should be introduced to PMO and PCCO. These new IEs are based on the index to (GPRS) 3G Cell Reselection list. The alternative A1 requires a big impact on the current specifications.
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Figure 2 An example for alternative A2 to modify (GPRS) 3G Cell Reselection list by PMO
For alternative A2 and alternative A3, these two alternatives utilize a mechanism through modifying 3G NCL to implement the function of modifying (GPRS)3G Cell Reselection list by PMO or PCCO. These two alternatives do not need to introduce new IEs in PMO or PCCO. For alternative A2 , when the 3G NCL is modified by PMO or PCCO, (GPRS) 3G Cell Reselection list is modified at the same time as shown in figure 2. But this alternative A2 changes the structure of (GPRS) 3G Cell Reselection list and the way to construct this list. For the alternative A3, it requires an updating operation when 3G NCL is modified by PMO or PCCO. This alternative does not need to change the structure of (GPRS) 3G Cell Reselection list and the way to construct this list. It only introduces the mechanism to modify (GPRS) 3G Cell Reselection list when 3G NCL is modified by PMO or PCCO. Table 1 shows the impact comparison between these three alternatives for modifying 3G Cell Reselection list. Based on the comparison in table 1, it is proposed that only the 3G NCL part (3G cells and 3G frequencies on their own) same as those in the (GPRS) 3G Cell Reselection list can be modified by PMO or PCCO. That is, the 3G cells and the 3G frequencies on their own in the (GPRS) 3G Cell Reselection list, which are same as those in 3G NCLshall be modified at the same time when the 3G cells and 3G frequencies in the 3G Neighbour cell list is modified by PMO or PCCO as shown in figure 3.
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Figure 3 An example for alternative A3 to modify (GPRS) 3G Cell Reselection list by PMO
Table 1 the impact comparison between these three alternatives for modifying 3G Cell Reselection list

	
	Need to modify the structure of (GPRS)3G Cell Reselection list
	Need to modify the way to construct (GPRS)3G Cell Reselection list
	Need to add new IEs to PMO or PCCO

	Alternative A1
	Yes
	Yes
	Yes

	Alternative A2
	Yes
	Yes
	No

	Alternative A3
	No
	No
	No


Proposal 2: The 3G cells and the 3G frequencies in the (GPRS)3G Cell Reselection list, except frequencies on their own not for constructing 3G Neighbour cell list, shall be overridden by the 3G cells and 3G frequencies in the 3G Neighbour cell list when the 3G Neighbour cell list is modified by PMO or PCCO.
2.3 How to construct UTRAN frequency index
UTRAN_FREQUENCY_INDEX is used for setting measurement control, priority, and 3G CSG related parameters. When the priority related parameters are set for 3G frequencies, these frequencies are those in (GPRS) 3G Cell Reselection list. Thus UTRAN frequency index should be constructed for each frequency in (GPRS) 3G Cell Reselection list. How to construct UTRAN frequency index for the frequencies in the first part of (GPRS) 3G Cell Reselection list, i.e. frequencies in 3G NCL, is specified in TS44.018 and TS44.060. That is, “UTRAN_FREQUENCY_INDEX is an index into 3G NCL of a UTRAN frequency. A value of 0 refers to the first UTRAN frequency (TDD-ARFCN or FDD-ARFCN) defined in the list. A value of 1 refers to the second defined frequency and so on.” UTRAN_FREQUENCY_INDEX is used for measurement control related parameters. How to construct UTRAN frequencies in the second part needs to be discussed. There are two alternatives, Alternative B1 and B2, to construct the indices for frequencies in the second part. It is necessary to guarantee that a frequency has a unique index value for setting measurement control, priority, and 3G CSG related parameters. Thus, MS and BSS do not need to maintain two index lists, i.e. one for 3G NCL and one for (GPRS)3G Cell Reselection list. 
· Alternative B1 is that the frequencies take the index values after the one taken by the last frequency in the first part in ascending order. 
· Alternative B2 is that the frequencies take the index values in descending order from the value of 31. 
But Alternative1 has synchronization problem as shown in figure 4. 
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Figure 4 MS and BSS lose the synchronization of frequency index in (GPRS) 3G Cell Reselection list using alternative B1
In order to avoid the synchronization problem, it is proposed to adopt alternative B2 to create UTRAN frequency index for the second part of (GPRS) 3G Cell Reselection list. Furthermore, because the proposed alternative B2 only updates the first part ( 3G NCL) of (GPRS) 3G Cell Reselection list and its second part is never changed if any of the related system information messages does not change. If index values for the frequencies are allocated by alternative B2, only the index values of the frequencies in the first part need to be updated and the ones of the frequencies in the second part do not need to change when 3G NCL is modified by PMO or PCCO. It is proposed that UTRAN frequency indices in the first part take the values in increasing order from the value of 0, and the UTRAN frequency indices in the second part take the values in decreasing order from the value of 31. 
UTRAN_FREQUENCY_INDEX of any frequency in (GPRS)3G Cell Reselection list is allocated according to the following detailed rule.
If a frequency is in 3G Neighbour Cell list, UTRAN FREQUENCY INDEX is an index into the 3G Neighbour Cell list of the UTRAN frequency. 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. If the frequencies in the SI2quater message are frequencies on their own but not in 3G Neighbour Cell list, UTRAN FREQUENCY INDEX’s of these frequencies take the value from 31 in the descending order according to the order of occurrence in the 3G Neighbour Cell description. If the frequencies are in the SI2ter message are frequencies on their own, UTRAN FREQUENCY INDEX’s of these frequencies take the value in the descending order from 31 - NUM_UTRAN_FREQUENCY_NOT3GNCL.

NUM_UTRAN_FREQUENCY_NOT3GNCL is defined as the number of the frequencies in the SI2quater message which are frequencies on their own but not in 3G Neighbour Cell list.

Figure 5 shows an example how the UTRAN frequency indices for the frequencies in (GPRS) 3G Cell Reselection list are allocated. In this example, (GPRS) 3G Cell Reselection list includes 7 frequencies, i.e. f1, f2, f3, f4, f5, f6,and f7, and f1, f2, f3 are in 3G NCL and indexed in the ascending order of occurrence in the 3G Neighbour Cell description IE , and f4, f5 which are not in the 3G NCL are indexed in the descending order from 31 according to the occurrence in SI2quater message, and f6, f7 in the SI2ter message are indexed from 29 in the descending order according to the occurrence in the SI2ter message. 
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Figure 5 An example shows how to allocate the UTRAN frequency indices for the frequencies in (GPRS)3G Cell Reselection list 
Proposal 3: UTRAN frequency indices of the frequencies in the first part (3G NCL) take the values in ascending order from the value of 0, and the indices of those in the second part (not in 3G NCL) take the values in descending order from the value of 31. 
3 Conclusion

The paper discusses why (GPRS) 3G Cell Reselection list needs to be modified by PMO or PCCO and how to maintain (GPRS) 3G Cell Reselection list and how to construct UTRAN frequency index. Three proposals below are presented for approval as working assumption to make clarification on maintenance of (GPRS) 3G Cell Reselection list and construction of UTRAN frequency index.
Proposal 1: (GPRS) 3G Cell Reselection list can be modified by PMO or PCCO after it is constructed from S!2quater and/or SI2ter messages.

Proposal 2: The 3G cells and the 3G frequencies in the (GPRS)3G Cell Reselection list, except frequencies on their own not for constructing 3G Neighbour cell list, shall be overridden by the 3G cells and 3G frequencies in the 3G Neighbour cell list when the 3G Neighbour cell list is modified by PMO or PCCO.
Proposal 3: UTRAN frequency indices of the frequencies in the first part (3G NCL) take the values in ascending order from the value of 0, and the indices of those in the second part (not in 3G NCL) take the values in descending order from the value of 31. 
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