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Introduction
This contribution discusses means for keeping a UE within its RAN Notification Area (RNA) in the context of inter-frequency reselection.
[bookmark: _Ref178064866]Discussion
[bookmark: _GoBack]When a UE in RRC_INACTIVE state reselects between cells it may end up in a cell that is either inside or outside its configured RAN Notification Area (RNA). Clearly, reselecting to a cell outside the UE’s RNA has the disadvantage that it will result in RAN Update signaling, causing resource and energy consumption. To this end, other companies have noted that it may be favorable to prioritize cells inside the UE’s RNA over cells outside the RNA. When applied to intra-frequency cells, this principle is however associated with the problem that it will cause a UE to reselect to a cell that is suboptimal from a radio channel quality point of view. As a consequence, the UE, if accessing the network in such a radio-wise suboptimal cell, will have to use higher transmission power, will cause greater interference and will also be subject to greater DL interference than it would in a radio-wise optimal cell.
[bookmark: _Toc497841319][bookmark: _Toc497842165][bookmark: _Toc498639252][bookmark: _Toc502651463][bookmark: _Toc502651561][bookmark: _Toc505365122][bookmark: _Toc510538551][bookmark: _Toc510538583][bookmark: _Toc510624227]If a UE reselects to a radio-wise suboptimal cell because it belongs to the UE’s RNA, then the UE will cause and be subject to increased interference if it accesses the network in that cell.
For this reason, prioritization of intra-frequency RNA cells is a very questionable principle. On the other hand, since a RNA may contain NR cells on multiple carrier frequencies, the inter-frequency dimension may also be utilized and then there are no interference issues. In the inter-frequency context, a UE’s cell reselection is governed by carrier frequency priorities and cell quality measurements (and some other parameters involved in the cell ranking). Somewhat simplified, a UE involved in inter-frequency cell reselection will primarily try to find a suitable cell on the carrier frequency with the highest priority. If no such cell can be found, the UE will try the carrier frequency with the second highest priority. For carrier frequencies of equal priority other cell ranking criteria will govern the choice.
As an illustrating inter-frequency example, consider a UE that is considering reselecting to either cell A on carrier F1, which is inside the UE’s RNA, or cell B on carrier F2, which is outside the UE’s RNA, where F1 and F2 have equal priority. Then the ranking criteria may make the UE select cell B, even though this will create significant UE-network and inter-node signaling, while reselection to cell A would not cause any signaling at all. Similarly, if F2 has higher priority than F1, the UE will certainly choose cell B provided that it fulfils the criterion for suitability. In a situation like this, increasing the priority of F1 would result in that the UE reselects to cell A, thereby avoiding the overhead and energy consumption of the RNA Update signaling.
[bookmark: _Toc510624228]Increasing the priority of a carrier frequency where the best cell belongs to the UE’s RNA, or decreasing the priority of a carrier frequency where the best cell does not belong to the UE’s RNA, increases the probability that the UE remains in its RNA in an inter-frequency cell reselection situation
The effect on inter-frequency cell reselection of dynamic modification of the priority of a carrier frequency can be achieved, or emulated, through a rule stipulating that an RRC_INACTIVE UE should favor an inter-frequency cell within the UE’s RNA, provided that the cell is the best cell its carrier frequency. On the other hand, the configured carrier frequency priorities should matter too. Hence, the rule should provide a tradeoff between a cell’s possible RNA membership and the configured priority of the cell’s carrier frequency. This tradeoff could be reflected in a parameter representing the maximum difference between two configured carrier frequency priorities that could be compensated for by RNA membership. Such a parameter, e.g. denoted freqPrioOffsetCeiling, could be configured in the system information or via dedicated signaling when the network switches the UE from RRC_CONNECTED to RRC_INACTIVE state via the RRCConnectionSuspend message.
As an example, consider a UE which detects a best cell B, which is not within the UE’s RNA, on carrier frequency F2 and a best cell, which is within the UE’s RNA, on carrier frequency F1 and priority(F2) - priority(F1) = X. The inter-frequency cell reselection rule could then e.g. be that if X < freqPrioOffsetCeiling, the UE shall reselect to cell A (which is within the UE’s RNA), whereas if X ≥ freqPrioOffsetCeiling the UE shall reselect to cell B, even though it is not within the RNA.
If the freqPrioOffsetCeiling parameter is not configured, the default rule could be that the UE first checks the carrier frequency with the highest priority. If the best cell on that carrier frequency is suitable and within the UE’s RNA, the UE reselects to that cell. Otherwise, the network goes on to evaluate the best cell on the carrier frequency with the second highest priority, and so on. If multiple carrier frequencies have the same priority and the best cell on more than one of them is within the UE’s RNA, the choice between these carrier frequencies and their respective best cell should follow the regular cell ranking principles.
Proposal 1	RAN2 should specify an inter-frequency cell reselection rule for UEs in RRC_INACTIVE state that favors a carrier frequency for which the best cell belongs to the UE’s RNA over an equal or higher priority carrier frequency where the best cell does not belong to the UE’s RNA. The maximum difference in carrier frequency priority that is overridden by RNA membership of the carrier’s best cell should be configurable.
[bookmark: _Hlk510621906]The discussion that led up to proposal 1 could equally well have dealt with RRC_IDLE UEs and favoring of carrier frequencies where the best cell belongs to the UE’s registration area configured by the core network, i.e. the UE’s configured list of Tracking Areas. Hence, a similar inter-frequency cell reselection rule could be specified for UEs in RRC_IDLE state. 
[bookmark: _Toc510624229]A similar inter-frequency cell reselection rule could be specified for UEs in RRC_IDLE state, but then the rule should be related to whether the best cell on a carrier frequency belongs to the UE’s list of Tracking Areas.
[bookmark: _Hlk510624297]Proposal 2	RAN2 should specify an inter-frequency cell reselection rule for UEs in RRC_IDLE state that favors a carrier frequency for which the best cell belongs to the UE’s list of Tracking Areas over an equal or higher priority carrier frequency where the best cell does not belong to the UE’s list of Tracking Areas. The maximum difference in carrier frequency priority that is overridden by membership in the UE’s list of Tracking Areas should be configurable.

Conclusion
In section 2 we made the following observations:
Observation 1	If a UE reselects to a radio-wise suboptimal cell because it belongs to the UE’s RNA, then the UE will cause and be subject to increased interference if it accesses the network in that cell.
Observation 2	Increasing the priority of a carrier frequency where the best cell belongs to the UE’s RNA, or decreasing the priority of a carrier frequency where the best cell does not belong to the UE’s RNA, increases the probability that the UE remains in its RNA in an inter-frequency cell reselection situation
Observation 3	A similar inter-frequency cell reselection rule could be specified for UEs in RRC_IDLE state, but then the rule should be related to whether the best cell on a carrier frequency belongs to the UE’s list of Tracking Areas.

Based on the discussion in section 2 we propose the following:
Proposal 1	RAN2 should specify an inter-frequency cell reselection rule for UEs in RRC_INACTIVE state that favors a carrier frequency for which the best cell belongs to the UE’s RNA over an equal or higher priority carrier frequency where the best cell does not belong to the UE’s RNA. The maximum difference in carrier frequency priority that is overridden by RNA membership of the carrier’s best cell should be configurable.
Proposal 2	RAN2 should specify an inter-frequency cell reselection rule for UEs in RRC_IDLE state that favors a carrier frequency for which the best cell belongs to the UE’s list of Tracking Areas over an equal or higher priority carrier frequency where the best cell does not belong to the UE’s list of Tracking Areas. The maximum difference in carrier frequency priority that is overridden by membership in the UE’s list of Tracking Areas should be configurable.
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