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Discussion on constructing UTRAN frequency index
1 Background
In GERAN#43bis meeting, how to modify (GPRS) 3G Cell Reselection list and how to allocate indices for the frequencies in (GPRS) 3G Cell Reselection list were discussed. According to the concerns raised, this paper further analyses the construction and modification of 3G Neighbour Cell list (NCL) and (GPRS) 3G Cell Reselection list in current specification. Then an index allocation method for the frequencies in (GPRS) 3G Cell Reselection list is discussed. 
2 Discussion
2.1 Analysis on construction of 3G NCL
3G NCL is constructed from the 3G Neighbour Cell Description IE in the SI2quater message. The following text shown in figure 1 is from Table 10.5.2.33b.2: SI2quater Rest Octets information element in TS 44.018.
	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.


Figure 1 Text from Table 10.5.2.33b.2: SI2quater Rest Octets information element in TS 44.018
In the above text, FDD_CELL_INFORMATION (p bit field) has another related description in table 9.1.54.1a: Measurement Information information element details. The related text shown in figure 2 is from table 9.1.54.1a in TS 44.018.

	FDD_Indic0, information 0 indicator (1 bit):
This field indicates if the FDD_CELL_INFORMATION parameter value '0000000000' is a member of the set.

Bit
0
parameter value '0000000000' is not a member of the set
1
parameter value '0000000000' is a member of the set

NOTE:
This bit FDD_Indic0 is equivalent to the bit F0 bit in the frequency list information element (see sub-clause 10.5.2.13.3).

	NR_OF_FDD_CELLS (5 bit field)
This field defines the number of FDD_CELL_INFORMATION parameters.

	FDD_CELL_INFORMATION Field (p bit field)
This field allows to compute a set of 10-bit-long FDD_CELL_INFORMATION parameters, re-using the Range 1024 format compression algorithm, see Annex J: 'Algorithm to encode frequency list information'. The formulas for decoding are given in the 'Range 1024 format' sub-clause, 10.5.2.13.3. The consecutive parameters of this field are concatenated, starting with w1, and then w2, w3…

The total number of bits p of this field depends on the value of the parameter NR_OF_FDD_CELLS = n, as follows:
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Table 9.1.54.1a.

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

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.
For each (10-bit-long) decoded Parameter, bits 1-9 are the Scrambling Code and bit 10 is the corresponding Diversity Parameter. 


Figure 2 Text from Table 9.1.54.1: Measurement Information information element details in TS 44.018
Conclusion: From the texts in figure 1 and 2, it is concluded that 3G NCL constructed from the SI2quater message includes 3G cells and 3G frequencies on their own (n=0 or 17<=n<31) (red text in figure 2).

2.2 Analysis on modification of 3G NCL

3G NCL can be modified by PMO or PCCO as specified in TS 44.060. The text shown in figure 3 is from Table 11.2.9b.2 : Packet Measurement Order information element details in TS 44.060.
	FDD_Indic0, information 0 indicator (1 bit):
This field indicates if the Scrambling Code/Diversity parameter value '0000000000' is a member of the set.

Bit
0
parameter value '0000000000' is not a member of the set
1
parameter value '0000000000' is a member of the set

NOTE:
This bit FDD_Indic0 is equivalent to the bit F0 bit in the frequency list information element (see 3GPP TS 44.018).

	NR_OF_FDD_CELLS (5 bit field)
This field defines the number of FDD_CELL_INFORMATION parameters.

	FDD_CELL_INFORMATION Field (p bit field)
This field allows to compute a set of 10-bit-long FDD_CELL_INFORMATION parameters, re-using the Range 1024 format compression algorithm, see 3GPP TS 44.018 Annex J: 'Algorithm to encode frequency list information'. The formulas for decoding are given in 3GPP TS 44.018: 'Range 1024 format'. The consecutive parameters of this field are concatenated, starting with w1, and then w2, w3…

The total number of bits p of this field depends on the value of the parameter NR_OF_FDD_CELLS = n, as follows:
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Table 11.2.9b.2.a
If n=0 and FDD_Indic0 = 0, this indicates the 3G Neighbour Cell list index for report on RSSI, see 3GPP TS 45.008.

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.
For each (10-bit-long) decoded parameter, bits 1-9 are the Scrambling Code and bit 10 is the Diversity bit.


Figure 3 Text from Table 11.2.9b.2 : Packet Measurement Order information element details in TS 44.060.

Conclusion: The texts in figure 2 and 3 are same. It is concluded that it is possible for the PMO to provide 3G cells and 3G frequencies on their own to be added to 3G NCL.
2.3 Analysis on construction and modification of (GPRS) 3G Cell Reselection list
TS 44.018 in sec 3.4.1.2.1.7 specifies how to construct (GPRS) 3G Cell Reselection list. That is “This applies only to a multi-RAT MS. One or more instances of the SI2quater and/or SI2ter messages may provide 3G Cells. If 3G Cells are provided in both of these messages, the union of the cells shall be included in the 3G Cell Reselection list. The 3G Cell Reselection list may contain up to 96 3G Cells. 3G Cells not provided explicitly in the SI2ter message or in the SI2quater message (frequencies on their own) are not included in these 96 cells. Up to 8 frequencies on their own, can be added to these 96 cells.”
From above analysis in Sec 2.1 and 2.2, 3G NCL only includes the 3G cells and 3G frequencies on their own (n=0 or 17<= n<31) in the SI2quater message which are shared with (GPRS) 3G Cell Reselection list. And (GPRS) 3G Cell Reselection list also comprises 3G frequencies on their own (n=31) in the SI2quater message and 3G frequencies on their own in SI2ter message. It is concluded that (GPRS) 3G Cell Reselection list comprises two parts: 

· The first part includes and only includes the 3G cells and 3G frequencies on their own which are included in 3G NCL. 
· The second part comprises 3G frequencies on their own (n=31) in the SI2quater message and 3G frequencies on their own in SI2ter message.
Based on the online and offline discussions and the reasons below, it can be concluded that 3G cells on a new frequency, which are added by PMO or PCCO to 3G NCL, also are automatically added to (GPRS) 3G Cell Reselection list.
· In TS 45.008 sec 10.1.1.3, it is explicitly stated. 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 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). "

· It is thought that some 3G cells on a new frequency are added by PMO to 3G NCL and this new 3G frequency is assigned a priority simultaneously by PMO. This frequency shall be added to (GPRS) 3G Cell Reselection list when MS supports priority algorithm. Otherwise, this new 3G frequency with priority added to 3G NCL is meaningless. 

· If a 3G cell is added to 3G NCL by PMO, but not added to (GPRS) 3G Cell Reselection list, this 3G cell will not considered as candidate target cell when MS performs autonomous cell reselection For this case, adding 3G cells to 3G NCL by PMO is useless.

Figure 4 shows how the 3G NCL and (GPRS) 3G Cell Reselection list is constructed by SI2quater and SI2ter and modified by PMO.
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Figure 4 Construction and modification of 3G NCL and (GPRS) 3G Cell Reselection list
Proposal 1: The (GPRS) 3G Cell Reselection list shall be updated according to the modified 3G NCL when it is modified by PMO or PCCO.
2.4 Index allocation for the frequencies in (GPRS) 3G Cell Reselection list
Based on the analysis in sec 2.3, the second part of the (GPRS) 3G Cell Reselection list is never modified and the first part is modified automatically when 3G NCL is modified by PMO or PCCO. It was agreed in GERAN#43bis meeting that the indices for the frequencies in 3G NCL shall not be impacted when indices are allocated for the other frequencies in (GPRS) 3G Cell Reselection list. Allocating indices to the frequencies in (GPRS) 3G Cell Reselection list can be performed in the two parts respectively. Figure 5 illustrates how to allocate indices for the frequencies in (GPRS) 3G Cell Reselection list.
For the first part, since the frequencies are in 3G NCL, the indices are allocated to these frequencies as specified in TS 44.060 sec 12.52 and TS 44.018 sec 9.1.5.4, i.e. “This field 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) defined in the list. A value of 1 refers to the second defined frequency and so on. The following priority parameters apply to each UTRAN frequency indexed within this structure.” 
For the second part, since these frequencies will not change, they can take their indices from the index value of 31 in the descending order. Thus, allocating indices for the frequencies in (GPRS) 3G Cell Reselection list by this method will not impact those for the frequencies in 3G NCL. 
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Figure 5 Allocate indices for the frequencies in (GPRS) 3G Cell Reselection list
Proposal 2: The indices for the frequencies in 3G NCL and (GPRS) 3G Cell Reselection list are allocated as specified in current specification, and the indices for other frequencies in 3G Cell Reselection are allocated from the index value of 31 in descending order.
3 Conclusion

The paper further discusses the construction and modification of 3G NCL and (GPRS) 3G Cell Reselection list according to current specification and the comments received online and offline. Two proposals below are presented for approval as working assumptions to make clarification on maintenance of (GPRS) 3G Cell Reselection list and allocation of 3G frequency index.
Proposal 1: The (GPRS) 3G Cell Reselection list shall be updated according to modified 3G NCL when it is modified by PMO or PCCO.

Proposal 2: The indices for the frequencies in 3G NCL and (GPRS) 3G Cell Reselection list are allocated as specified in current specification, and the indices for other frequencies in 3G Cell Reselection are allocated from the index value of 31 in descending order.
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