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1 Introduction

3GPP TS 45.008 section 10.1.3 specifies how C1/C31/C32 criteria and cell priority class on serving and neighboring cells shall be compared for an MS to determine whether cell reselection shall be triggered. 
The current specification version is believed to cause ambiguous interpretation which might result in different MS implementations. 
This paper discusses alternative understandings of the current specification, provides use case example where these alternative understandings result in different MS behavior; and finally proposes specification clarification for a common interpretation and unique mobile behavior.

2 Specification Quote

For the conditions specified in 3GPP TS 45.008, for which section 10.1.3 applies, the following algorithm shall apply:

10.1.3 Cell Re-selection Algorithm

At least for every new sample or every second, whichever is the greatest, the MS shall update RLA_P and calculate the value of C1, C31 and C32 for the serving cell and the non-serving cells. The MS shall make a cell re-selection if:

i) The path loss criterion parameter (C1) for the serving cell falls below zero.

ii) A non-serving suitable cell (see 3GPP TS 43.022) is evaluated to be better than the serving cell. The best cell is the cell with the highest value of C32 among
· those cells that have the highest PRIORITY_CLASS among those cells that have highest LSA priority among those that fulfil the criterion C31 ≥ 0, or 
· all cells, if no cells fulfil the criterion C31 ≥ 0 
3 Alternative interpretations
3.1 Interpretation 1
3.1.1 Details

The interpretation is that, in case of ii), reselection is triggered if the best cell evaluated is not the serving cell but a suitable neighbor cell.

The initial pool S_1 = {c} is constituted by every suitable neighbor cells plus the serving cell. The cells are selected the following way:

1. Select set S_2 from c ε S_1 that have C31(c)≥0
Case 1 – S_2 is not empty (i.e. at least one cell is C31(c)≥0
2. Select set S_3 from c ε S_2 that have the highest LSA priority
3. Select set S_4 from c ε S_3 that have the highest PRIORITY_CLASS
4. Select the cell (known as the best cell) from c ε S_4 with the highest C32
Case 2 – S_2 is empty (i.e. all cells are C31(c)<0
2. Select the cell (known as “the best cell”) from c ε S_1 with the highest C32

If the serving cell is not the best cell, then a reselection is triggered to the best cell.

3.2 Interpretation 2
3.2.2 Details

The interpretation is that, in case of ii), reselection is triggered if the best cell evaluated is not the serving cell. The case:
If C31(s)≥0

A pool S_1 = {c} is constituted by only every suitable neighbor cells. The serving cell is not part of this pool. The cells are selected the following way:
1. Select set S_2 from c ε S_1 that have C31(c)≥0

Case 1 – S_2 is not empty (i.e. at least one cell is C31(c)≥0

2. Select set S_3 from c ε S_2 that have the highest LSA priority

3. Select set S_4 from c ε S_3 that have the highest PRIORITY_CLASS

4. Select set S_5 from c ε S_4 that have the highest C32

5. The reselection is triggered if the C32 of the neighbor cell in set S_5 is higher than the C32 of the serving cell (C32(n) > C32(s)).
Case 2 – S_2 is empty (i.e. all cells are C31(c)<0

2. No reselection is triggered since only the serving cell has a C31≥0
If C31(s)<0

A pool S_1 = {c} is constituted by only every suitable neighbor cells. The serving cell is not part of this pool. The cells are selected the following way:
1. Select set S_2 from c ε S_1 that have C31(c)≥0

Case 1 – S_2 is not empty (i.e. at least one cell is C31(c)≥0

2. Select set S_3 from c ε S_2 that have the highest LSA priority

3. Select set S_4 from c ε S_3 that have the highest PRIORITY_CLASS

4. Select set S_5 from c ε S_4 that have the highest C32

5. The reselection is triggered to the neighbor cell with the best C32.
Case 2 – S_2 is empty (i.e. all cells are C31(c)<0

2. The reselection is triggered to one of the neighbor cell if its C32 is higher than the C32 of the serving cell (C32(n) > C32(s)).
This interpretation may lead to comparing C32 of the serving cell and neighbor cell with different PRIORITY_CLASS, but the C32 values of the neighbor cells are compared for cells of same priority class.
3.3 Additional note
Section “6.6.3 Cell reselection algorithm for SoLSA” in 3GPPP TS 45.008 must also be modified accordingly since the same clarification is needed.
4 Arguments in favor of interpretation 1
Following excerpt from 3GPP TS 45.008 might support this understanding:
10.1.2 Cell Re-selection Criteria
“The cell ranking criterion parameter (C32) is used to select cells among those with the same priority […]”

This means that the serving cell should be considered in the pool S_1 so that it is ensured the serving cell is not kept as candidate if it has not the best PRIORITY_CLASS.

5 Arguments disfavoring interpretation 1
Considering the conditional check L(n) added in the calculation of C32(n) found in 3GPPP TS 45.008:

10.1.2 Cell Re-selection Criteria

C32(n) = C1(n) + GPRS_RESELECT_OFFSET(n) - TO(n) * (1-L(n))

L(n) = 
0 if PRIORITY_CLASS(n) = PRIORITY_CLASS(s)

1 if PRIORITY_CLASS(n) ≠ PRIORITY_CLASS(s)

Under interpretation 1, if at least one cell (serving cell or neighbor cell) satisfies C31≥0, only the C32 of the cells with the best, thus same, PRIORITY_CLASS, are compared.
As a consequence, it is never possible to have L(n) = 1 (i.e. TO(n) * (1-L(n)) has no effect).
6 One use case Example

Mobile is initially camped on cell A, and evaluates reselection criteria. B and C are 2 neighbor cells.

· C31(A)>0, C31(B)>0, C31(C)>0

· All cells have the same LSA priority
· PRIORITY_CLASS(A)< PRIORITY_CLASS(C)<PRIORITY_CLASS(B)

· C32(C)<C32(B)<C32 (A)
With interpretation 1 detailed previously; based on priority class comparison, cell B is the best cell (single best PRIORITY_CLASS) so reselection is triggered to cell B.
With interpretation 2 detailed previously, based on C32 comparison, cell A is the best cell (best C32) so no reselection is triggered.

7 Proposal for clarification
If GERAN companies believe that clarification is required in 45.008 and agree with the interpretation 1, we propose following changes in 3GPP TS 45.008:
10.1.2 Cell Re-selection Criteria

ii) A non-serving suitable cell (see 3GPP TS 43.022) is evaluated to be better than the serving cell.
In order to evaluate the best cell, a pool of cells is built, made of:

· those cells that have the highest PRIORITY_CLASS among those cells that have highest LSA priority among those cells that fulfil the criterion C31 ≥ 0 among all the non-serving suitable cells and the serving cell, or

· all the non-serving suitable cells and the serving cell, if none of those cells fulfil the criterion C31 ≥ 0.

The best cell is the cell with the highest value of C32 among the pool of cells built.
If GERAN companies agree with the interpretation 2, we propose following changes in 3GPP TS 45.008:
10.1.2 Cell Re-selection Criteria

3) The cell ranking criterion parameter (C32) is used to select the best cell between the serving cell and the neighbor cells, and is defined by:

C32(s) = C1(s) (serving cell)

C32(n) = C1(n) + GPRS_RESELECT_OFFSET(n) - TO(n) * (1-L(n)) (neighbour cell)

10.1.3 Cell Re-selection Algorithm

At least for every new sample or every second, whichever is the greatest, the MS shall update RLA_P and calculate the value of C1, C31 and C32 for the serving cell and the non-serving cells. The MS shall make a cell re-selection if:
i) The path loss criterion parameter (C1) for the serving cell falls below zero.

ii) C31 becomes negative for the serving cell and all non-serving cells. The best cell is the cell with the highest value of C32 among the serving cell and all non-serving cells.
iii) C31 becomes negative for serving cell and one neighbour cell has C31 ( 0. The best cell is the cell with the highest value of C32 among those cells that have the highest PRIORITY_CLASS among those cells that have highest LSA priority among the non-serving cells that fulfil the criterion C31 ( 0
iv) C31 ( 0 for the serving cell, and the best non‑serving suitable cell (see 3GPP TS 43.022) has a higher C32 value than the serving cell. The best non-serving cell is the cell with the highest value of C32 among those cells that have the highest PRIORITY_CLASS among those cells that have highest LSA priority among those that fulfil the criterion C31 ( 0 among the non-serving cells,
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