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Introduction

This document is the outcome of offline discussions at and after RAN2#56, regarding a situation in which a UE can become “marooned” in limited service on a cell that should offer normal service.  The problem arises in connection with what we will call a “forbidden cell”, meaning a cell belonging to a forbidden LA or forbidden PLMN.
Discussion

For simplicity, we will consider a situation with a single frequency (it appears that the same problem could occur in a case where every frequency contained some forbidden cells).  If a UE sees a forbidden cell as its best cell, the following behaviour (from [1], section 5.2.6.1.3) is triggered:

If the highest ranked cell is an intra-frequency or inter-frequency cell which is not suitable due to being part of the "list of forbidden LAs for roaming" or belonging to a PLMN which is not indicated as being equivalent to the registered PLMN, the UE shall not consider this cell and other cells on the same frequency, as candidates for reselection for a maximum of 300s. If the UE has to perform an any cell selection procedure any limitation shall be removed.

Thus, if a UE sees a forbidden cell (referred to henceforth as cell A) as its best cell, it ceases considering not only cell A, but all cells on the same frequency—i.e., all cells in the system—for reselection, and enters the “Camped on any cell” state on cell A.  This behaviour is all in accordance with the original intent of the specification and does not appear to be the source of any confusion.
Now, if the UE moves so that a new cell B becomes the best cell (within the 300-second interval), it cannot consider cell B as a candidate for reselection in the usual manner, even though B may not actually be a forbidden cell.  Once the UE is in “Camped on any cell”, the only way it can move to another cell is through the suitable-cell-search procedure described in section 5.2.9.1 of [1]:
· [The UE shall] regularly attempt to find a suitable cell trying all RATs that are supported by the UE. If a suitable cell is found, this causes an exit to number 2 in Figure 2.
The referenced Figure 2 is the idle-mode state diagram.  “Number 2” is an exit from the diagram that takes the UE directly into the “Camped normally” state.  (Since the change is not strictly a reselection, we assume it is still permissible even in the presence of the 300-second restriction.)

It should be noted that the text does not specify “a suitable cell stronger than the serving cell”, which raises the question of whether this transition could be triggered even before B has become the best cell; in this case the UE would actually be bypassing the original intent of the 300-second restriction, since it would be camped and generating interference on a cell other than the best cell.  This point may require some discussion to determine what the actual specified behaviour is and whether it is really as intended.
Thus, the UE’s behaviour in connection with cell B depends on whether B is suitable or not.  If B is not suitable, the “exit to number 2” will not be triggered; eventually, if no suitable cell can be found, the cell reselection evaluation process will “give up” and take the UE to the “Any cell selection” state.  This transition removes the 300-second restriction, and the UE is at liberty to try to find a suitable cell and camp on it under normal circumstances.  Again, this behaviour is correct.

However, if cell B is suitable, it is not completely clear how to interpret the specification.  The “exit to number 2” will cause the UE to camp normally on cell B, but will not remove the 300-second restriction; the UE camps on cell B, but still cannot consider any intra-frequency cells as candidates for reselection.

The real problem occurs when the UE moves out of cell B into some new cell C (still within the 300-second interval).  When C becomes the best cell, the reselection evaluation process should not consider it, since the restriction is still in effect.  Just as in the case where B was not suitable, the evaluation process will eventually determine that no suitable cell can be found, and it exits into “Any cell selection”.
Now, from “Any cell selection”, the UE will find cell C, which appears correct.  However, even though C may be suitable, there is no “suitable cell” exit from “Any cell selection”; once the UE enters “Any cell selection”, it can only come out into “Camped on any cell”.  The result is that the UE will camp in limited service on cell C, even though C is suitable and could be offering normal service!
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Figure 1: How to lose a UE
Since the transition to “Any cell selection” removed the 300-second restriction, the UE will eventually recover, but the recovery could take an indeterminate time.  The UE can only be rescued by the suitable-cell search process, and it is not clear whether that search process is intended to consider the current cell.  If the search does consider the current cell, it eventually finds cell C and triggers the “exit to number 2” behaviour, leaving the UE camped in normal service on C with the 300-second restriction removed.  Otherwise, the UE needs to wait until it moves into some other suitable cell.  In any case, the specification does not say how often the search should take place—the UE is only required to search “regularly”, whatever that means.
The underlying problem in this situation is somewhat difficult to define.  One way of fixing the problematic case would be to allow the UE to move directly from “Any cell selection” into normal service when it finds a suitable cell, but this would be a rather general change to the idle-mode state behaviour for the sake of a somewhat unusual case, and it would still allow the restriction to remain in effect for a UE that is camped in normal service.  It seems more productive to consider whether the specified handling of the 300-second restriction is correct.
In a situation with multiple frequencies, the intent of the “forbidden cell” behaviour is to move the UE to another frequency on which the best cell will not be forbidden.  During the (lengthy) editing of this procedure, there was a general sentiment that if there is no other frequency available, the UE should camp in limited service on the best cell rather than look for a cell that is weaker but suitable (to avoid causing excessive uplink interference on the current cell).  In the context of the example, this principle obviously means that the UE should not attempt to camp on cell B until it becomes the best cell.

However, once the UE has camped on cell B, there is no clear reason why the 300-second restriction should remain in effect.  Since the UE is on the best cell, it is not creating inappropriate levels of interference; and since it has found one suitable cell on the serving frequency, it will quite likely be able to find more—an isolated suitable cell among forbidden ones would be peculiar.  Therefore, the expedient solution seems to be removing the 300-second restriction when the UE is able to camp in normal service on cell B.
Conclusion

We propose that Section 5.2.6.1.3 of [1] should be modified so that the 300-second restriction is removed when the UE camps in normal service on an intra-frequency cell.  A draft CR to this effect is attached.
Separately, we suggest discussing the issue of whether the “exit to number 2” behaviour should really be triggered even if the suitable cell found is not the best cell.
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