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1. Introduction

This document considers the handling of dedicated priorities when the UE is in “Camped on any cell” state.
2. Discussion

During discussion at RAN2#64bis, the group reached the decision that the UE should retain its dedicated cell reselection priorities through the “Any cell selection” state.  That is, when a UE finds itself suddenly without a suitable cell, it applies the broadcast rather than dedicated priorities during the process of searching for an acceptable cell.  If this search results in the discovery of a suitable cell and brings the UE back to normal service, the UE will resume using its dedicated priorities.  However, if the UE moves into “Camped on any cell”, the question of whether to preserve the priorities for later use remains open.

2.1.
Consequences of preserving priorities in “Any cell selection”

First, let us consider the implications of the decision already taken.  Examining Figure 5.2.2-1 in TS 36.304 (the idle-mode state diagram) yields a list of the cases in which the UE can enter “Any cell selection”:

· No acceptable cell found during evaluation in “Camped on any cell”

· No acceptable cell found when leaving connected mode in limited service
· No suitable cell found during evaluation in “Camped normally”

· Registration rejected on selected PLMN

· No suitable cell found at initial cell selection

· No USIM in the UE

In the last two cases, there does not seem to be any mechanism for the UE to have received dedicated priorities, so we can exclude these from consideration (except for the possibility of a user removing their USIM while in service, which seems enough of a corner case to be safely ignored).  Thus, in essence, the decision taken at the previous meeting might be summarised as follows: When the UE goes from normal service into a situation where it is not allowed to camp normally, it should retain its dedicated priorities for use once it is able to return to service.  This summary also seems consistent with the discussion during the meeting itself.

However, when such a UE does return to service, it has only one path through the state diagram to do so: The only exit from “Any cell selection” (apart from the corner case of USIM insertion) leads to the “Camped on any cell” state!
In consequence, there appears to be no value to preserving the priorities in “Any cell selection” if they are later to be discarded in “Camped on any cell”.  We conclude that, at least in the case where “Any cell selection” discovers an acceptable cell and the UE moves to “Camped on any cell”, dedicated priorities should be preserved.

2.2.
Other routes to “Camped on any cell”

In addition to entering from “Any cell selection”, the UE can come to the “Camped on any cell” state if an acceptable cell, but no suitable cell, is present upon exit from connected mode.  The state diagram has no other “entries” to the state (except from the cell evaluation process for a UE that was already in “Camped on any cell”).  Typically, this indicates that a UE lost normal service during a connection, e.g., by moving out of the serving PLMN’s coverage.  If the UE is able to return to coverage in a reasonably short time, it is most likely to be through returning to the system that originally provided service, as shown in Figure 1.
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Figure 1: Likely and unlikely routes back to normal service
A UE in service on PLMN A, once it enters “Camped on any cell” on PLMN B, is almost by definition well positioned to return quickly to coverage on A, near where it lost coverage, as shown on the left in the figure.  Much less likely is the case shown on the right of the figure, where the “lost” UE does not return to A, but instead finds normal service on a different PLMN, without spending a particularly long time (less than T320) under the coverage of B.

In the former case, retention of the dedicated priorities is useful; in the second, it is counterproductive, since the frequencies prioritised by A in one region of the figure have no necessary relation to those prioritised by C in a different region.  (However, even in this case, since A and C apparently have a close enough relationship to share subscribers, one might argue that a well-configured network should configure its system information in such a way that the arrival in one PLMN of a “native” of the other, bringing its priorities with it, is not too problematic.)

2.3.
Applicability of priorities
The complementary question is whether a UE in “Camped on any cell” should apply its dedicated priorities, the priorities broadcast in system information, or no priorities at all (leaving camping decisions entirely to UE implementation).

2.3.1.
Philosophy and ping-pong
As a philosophical guideline, we assume that it is clear that the UE’s most important goal in “Camped on any cell” should be to find a suitable cell, somewhere, as soon as it can, on the theory that full service is always better than limited service.  The decision of RAN2#64 that a CS-capable UE in “Camped on any cell” should select a cell on a CS-supporting RAT is in keeping with this philosophy; however, as noted in [2], that decision may run counter to the UE’s priority list (dedicated or common).  The concern expressed in [2] is that the priority list (in this case the common priorities transmitted in the system information of the new serving RAT) could “push” the UE away from the CS-supporting RAT back to the LTE system where it was unable to obtain normal service.

To some extent this scenario can not really be addressed in the LTE specification, since the reselection behaviour of the UE once it has moved to another RAT is under the control of the target RAT specifications.  Arguably, however, the “best cell unsuitable” behaviour in section 5.2.4.4 of 36.304 is relevant here; assuming that the UE is camped in limited service because the serving cell belongs to a forbidden PLMN or TA, this clause instructs the UE to exclude that cell and others on the same frequency as candidates for reselection.  (Unfortunately, if this section is interpreted literally when the UE is in “Camped on any cell”, it would disable at least intra-frequency reselection entirely, which surely was never the intention.)  In addition, a UE that selected another RAT for the purpose of making an emergency call should be able to launch its call attempt before mechanisms to prevent instant reselection (e.g., the 1-second restriction in 3GPP RATs) have expired.  Thus we consider that this undesirable ping-pong process should not occur in realistic situations.
2.3.2.
Dedicated and common priorities
In general, if the UE is in “Camped on any cell” for more than a brief transitional period, it means that the UE has been unable to find a suitable cell anywhere (while using its most recent set of priorities).  This problem most likely means that the UE is in the coverage area of a forbidden PLMN; the other reasons to enter “Camped on any cell”, such as a forbidden TA or a barred cell, are unlikely to prevent the UE from obtaining normal service on another frequency of the same PLMN (and if they do, no priority regime is likely to make much difference to the UE’s fate).  Dedicated priorities issued by a different PLMN are unlikely to be of much use in this case—if the UE could find a frequency belonging to the previous serving PLMN, it would already have selected it!  We therefore conclude that dedicated priorities are of no real use in “Camped on any cell”.
On the other hand, common priorities are being transmitted by the current PLMN, and so should at least indicate the existence of frequencies where a signal exists.  If the UE is denied service on this PLMN, it is not especially likely to be allowed on these other frequencies (remembering that if an accessible PLMN exists, the PLMN search should find it eventually in any case, and that irrespective of the priority list, the PLMN search is free to use the system information as “assistance data”), and the only effect of applying the common priorities would be to change which frequency the UE was unable to obtain service on.

In short, there appears to be no real benefit to applying dedicated or common priorities in “Camped on any cell”, although the UE implementation is already permitted to use information from the priority list for purposes such as optimising the PLMN search.  In line with the philosophical approach of section 2.3.1, it seems that the most effective approach here is to leave the UE prioritisation of frequencies in this case to implementation.
It should be noted that allowing wide scope for UE implementation in this case does not reopen the door to the ping-pong scenario described in section 2.3.1.  The 1-second restriction on reselection (and its cognates in other RATs) and the 300-second restriction on reselection to unsuitable cells both remain operative; what is being left to implementation is just the prioritisation aspects of reselection.  Unless an unfortunate requirement on the other RAT forces the UE back to the LTE network—a case that the LTE specification cannot address—a good UE implementation should make use of its relative freedom to avoid ping-pong and camp preferentially on whatever RAT it considers most useful for an emergency call.
3. Conclusion
In accordance with the above analysis, we propose that dedicated priorities should be maintained through the “Camped on any cell” state as they already are in “Any cell selection”, and that the use of frequency priorities within “Camped on any cell” should be left to UE implementation.  The accompanying CR in [1] describes this behaviour.
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