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1
Introduction

This document aims to discuss and propose suitable resolution for the remaining open issues. Following the discussion in RAN3#89bis, the following open issues were captured in [1]
1. Do we allow the Paging Attempt Count IE if neither CEL nor Cell list is included (for the normal TAI list paging) 
a. Yes
b.  No
2. When to allow the Intended Number of Paging Attempts IE 
a. Only when the cell list is included
b. When the cell list is included or when neither cell list nor CEL is included
3. Do we allow CE paging without paging Attempt Count? 
4. IE name of the CEL for the reference to TS36.331 (to be decided by RAN2)
In addition, we would like to also address the question of which eNBs receive the CEL information (i.e. only the last one or others?). This was raised during offline discussions, but was not developed sufficiently to be captured in [1].
2
Discussion

Issue 1 (Paging Attempt Count): The concept of a paging attempt count was introduced in the discussions related to CEL, where the goal was clearly to assist the eNB in deciding the CEL to be used in OTA paging. Typically the eNB should start at the last known CEL (1st attempt), and then step up at further attempts. How fast this step-up should happen is an implementation or configuration matter.
A paging attempt count may be useful also in the case of recommended cells. The eNB may of course be configured to use the count in order to control its selectivity (for illustration only, start by paging only the last cell, then the list of applicable recommended cells, then possibly paging its neighbours if applicable, then finally all cells).

If neither CEL nor recommended cells is provided, it may be possible for the eNB to consider the count for purposes other than CE or selective paging, but so far no use cases have been provided to justify this. However in the future there could be additional paging optimizations that might benefit from the count information. In any case the solution should ensure that the count is always used when CEL is provided (configuration could change how this is used by the eNB, but it is clear that the basic CEL feature is built on knowledge of the attempt count). Given this, we can see three possible options that provide similar results:
· Include count as a generic IE (outside CEL, or recommended cell information), with presence conditional to the presence of either CEL or recommended cell information (this could then be easily extended for future functionality by expanding the condition)

· Include count separately in both CEL and recommended cell information (at least mandatory in CEL): this is redundant, but ensures that the information is available when needed, and can also be extended in the future

· Include count as generic IE, with mandatory presence

In all cases, new functionality is not precluded, and the count will always be sent with CEL information. However there are no strong arguments for any of the solutions (the first relies on conditions, the second seems inefficient, and the third, although future proof, opens the possibility of receiving count without any relevant information)
Observation 1: Attempt count should be made available both with CE paging as well as “recommended cells” paging, and there are multiple ways to do this.

Issue 2: When to allow the Intended Number of Paging Attempts IE: this IE is closely coupled to the recommended cell list use case, in the sense that the eNB actions are quite open ended, and yet it is absolutely critical that the eNB stops being selective at least on the last paging attempt. For other use cases (e.g. legacy-like paging, or CEL paging), this need is not so obvious. In the CEL case, the number of levels is known and small, and it is reasonable to expect that the eNB will ramp up gradually with attempt count. For general paging, it could be argued that an eNB with paging channel overload might prioritize a last paging attempt, if this is known. This feature could be useful for large number of devices such as eMTC (whether CE capable or not).
It may therefore make sense to add the IE as a generic optional IE (outside the recommended cell list or CEL). Then whether the MME sends it, and the eNB takes it into account is a matter of configuration or implementation (although as noted above, this would make a lot of sense for the recommended cells case).
Observation 2: The Intended Number of Paging Attempts IE may be useful to the eNB in several use cases, hence could be included as a generic optional IE.
Issue 3: Allowing CE paging without paging attempt count: based on the discussion and proposed solutions for issue 1, the answer should be no.
Observation 3: CE paging messages should always include the paging attempt count.

Issue 4: Does not require discussion here. 
Issue 5: Presence of CEL: Stage 2 is currently written in a way that appears to suggest that the CEL is only sent to the last known eNB, and even then only “if applicable”. It was argued that this does not prohibit the MME to send it to other eNBs. However the question needs to be considered from a different perspective: why would the MME not send the CEL to an eNB that receives the paging message?
There are two possible reasons, essentially time and space displacement. For the time aspect, the argument could be that the information is stale (depending mostly on periodic TAU for “fixed” UEs). The MME could consider that the UE is unlikely to have the same CEL after e.g. 6 hours (or some semi-arbitrary time). But how can the MME make this determination with any certainty? If the occasions when the UE has changed its CEL are relatively few (which is the expectation), then blindly discarding the CEL will do more harm than good; and conversely when occasionally the UE changes the CEL, the CE paging mechanism will automatically adapt at the cost of a small delay, or some resource inefficiency.
For the space aspect, it should be remembered that the eNB will receive the last cell, and optionally a list of recommended cells. The eNB can then be configured to take different actions regarding whether to page, and at what CE level. For example, cells that are either the last cell, or a neighbour, could page on attempt no.1 using the last known CEL (note that some neighbours will be in other eNBs, and this is not known to the MME). Other cells may page on later attempts, either following CEL used by the last cell, or with a configurable offset (i.e. starting at lower level if applicable).
The conclusion is that there is no advantage in not providing the CEL to eNBs when this has previously been provided by the UE. This allows various paging strategies to be implemented at the eNB, which can also make use of neighbour relations unknown to the MME.

Observation 4: It makes sense to always include the CEL information (together with paging attempt number and the last known cell) for CE paging.
3.
Conclusion

Following the above analysis and observations, a possible way forward would be as follows:
1) For CE paging, the last cell, last CEL and paging attempt number should always be sent (the attempt number is either included as mandatory within the CE group, or as mandatory or conditional outside) 
2) The Paging Attempt Count should also be included with the Recommended cells information (options as per above)
3) The Intended Number of Paging Attempts IE should be included as a generic optional IE.
4. 
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