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Analyze the paging optimization and propose more straight forward way.
1. Introduction

This document analyzes the paging optimisation. We start by discussing the solutions that are possible today and the enhanced solutions that were discussed. We also perform a simple evaluation in order to demonstrate the characteristics of the proposed solutions. 

2. Discussion

1.1   Status about paging optimization discussion
SA2 has been discussing paging optimizations and identified the below issues:
· to reduce the paging load on the radio interface, and
· to lower processing load on MME from sending pages to large number of eNBs. This is especially for low-mobility or stationary devices, (e.g. a utility meter-reader that can be identified by subscription (eg. APN) information or smart phones that rarely move (e.g. identified by timestamps of past visited cells))

In the LS to RAN, SA2 asked the question as below
Since the MME is responsible for the paging strategy when several cells and/or eNBs are involved, SA2 is interested in learning whether and which additional information the eNB can provide to the MME to assist the MME in reducing its S1 paging load. Also, recommendation about information that MME can provide to eNB to limit the eNB’s radio paging load would be welcome.
RAN3 had some discussion last meeting and feedback as below
RAN3 thought beneficial to have the last serving eNB sending “information on recommended cells and eNBs for paging” that could be stored in MME and provided to the eNBs at paging. This “information on recommended cells and eNBs for paging” could be limited to one cell only if beneficial in some use cases. RAN3 recommends this information to be sent by the last serving eNB to the MME at the time of transition to idle (i.e. in S1AP UE CONTEXT RELEASE COMPLETE message). 

It is not intended to standardize how the last serving eNB would build this “information on recommended cells and eNBs for paging”. For example, the eNB could include e.g. cells the UE visited in the past in idle and connected mode, neighbour cells of such visited cells and it could also exclude e.g. cells which frequency band is not supported by the UE. 

1.2   Discussion
Based on the discussion so far, we believe that if the last eNB provides a list of recommended cells (instead of just visited cells) to the MME, the solution will be more complicated. In this scenario, the list of recommended cells could contain any other cells, decided by the reporting eNB. We think the following issues are worth considering

· Issue #1: Can the eNB recommend cells from another eNB?
This means that the last serving eNB may recommend cells, and later, another eNB may be forced to use it. The other eNB have to trust a recommendation from another eNB (when included in the paging). But the reporting eNB may not have full knowledge, e.g. maybe UEs are pushed to one frequency in idle mode or the cell may just be a small cell where the UE would typically not stay for a long time and therefore normally not suitable for paging at a later stage. So in case we would allow this, do we also need to distinguish if the recommendation is from the same eNB that later receives the paging?

· Issue #2: What is the benefit from letting eNB recommending cells?
The main assumption seems to be that the recommendation is unspecified and proprietary. So how can the MME know the criteria the eNB used for including this as recommended? E.g. is it a cell that the UE almost handed over to? Or is it a cell that the UE would “typically” move towards? Is this based on some knowledge on UE mobility, e.g. this is a cell where the UE will be during 1 minute? If the eNB assess the UE mobility (e.g. based on UE history) and suggest some cells where the UE is likely to move, he also makes an assumption about when the next page will come. But the information on this assumption will not be sent to the MME. Hence, the benefit for letting eNB recommend cells based on the additional information available in the eNB is limited. 

· Issue #3: What do we mandate in the receiving eNB?
When the eNB receives this cell list in the page message, what should he be mandated to do? Only page in the indicated cells? There may be some reasons to page in a different cell. Or should he be completely free to do whatever he likes? But then the MME may unnecessarily page the same cells twice. Or should there be a middle way, e.g. page in a geographical area corresponding to the indicated cell (means he should limit the paging but he is free to choose the actual cell to page)?

Then, if we look closer at the other identified open issues, we have the following analysis.

1)
Timestamp and time to stay. It is FFS whether:

-
The cells and eNBs which the UE has visited are associated with a timestamp and a time of stay;

-
the MME uses the timestamp and time of stay of the eNBs to determine the final list of relevant eNBs to page. Similarly whether each paged eNB uses the timestamps and time of stay of the cells to filter which exact cells to page.  

The time information is available in the eNB. The eNB knows the time for incoming handover (or transition from idle) and gets the stay time in previous cell in the UE history. UE history contains one cell managed and propagated by eNBs during active mode mobility. The UE can also (Rel-12) report the last visited cells during connection setup. Hence, we believe it would be possible for the eNB to create time stamps when reporting to the MME.

2) Organization of the list built by last serving eNB:

The MME still handles paging at eNB level (the recommended list of cells is transparently stored and forwarded) and the eNB handles paging at cell level (when receiving the list of recommended cells). It is FFS whether, e.g.,:

-
Option 1: the last serving eNBs provides two separate lists:  a list of eNBs followed by a list of cells and the MME stores and then transparently forwards the list of cells to all the paged eNBs;

-
Option 2: the last serving eNB provides a single list of (eNB, associated cell list) pairs and the MME stores and then transparently forwards to each paged eNB only the associated cell list for that eNB.

NOTE: in order to cover the case of a recommended cell which is an HeNB cell behind an HeNB GW, the list of “recommended cells and eNBs” could actually be a list of “recommended cells and eNBs and TAIs” so that the MME uses the included TAI to address the relevant HeNB GW.

3)
Paging repetitions: 

It is FFS if the paged eNBs are to be made aware of whether the MME is using a paging strategy in several steps or not, the number of the ongoing step and the total number of steps to be applied. Examples of possible options are:

-
MME indicates to each paged eNB a certain paging is, e.g., number 1 out of 3;

- 
MME only indicates to each paged eNB when a certain paging is the last paging attempt.

The interesting questions here are:

· Question #1: Can the eNB use different strategy depending on which page attempt this is (1st, 2nd, last)?
This could be used to e.g. only page one cell in the first attempt and ignore the list in the last attempt. But this removes the control from the MME. The MME has no way of knowing how many cells will be paged and will not really know what happens when sending the 2nd  or 3rd page. 

· Question #2: Are there any other options to have differentiated paging?
The simplest solution is of course not to provide the count, but rather only let the eNB limit the paging if the cell list is included. In that case, the MME may send a page without the list of recommended cell list included in order to page in all cells 

4)
Propagation of the list: 

It is FFS if the information on recommended cells and eNBs for paging is sent at Initial Context Setup and/or propagated at S1/X2 handover so that receiving eNBs can maintain it.

There are two levels here: to propagate a list of recommended cells within RAN or also store in CN and send to RAN at context setup.

One important thing to remember here is that we already are propagating the UE history. Due to the design of this IE, the information cannot be simply stored in an encoded format when received and sent, the eNB has to decode the information, store it in internal memory and later encode it, since the information is sent on both X2 and S1. Therefore, there have already been discussions in RAN3 if this can be optimised, but it was concluded not to be possible. There have also been lengthy discussions on if this information should be mandatory and what the length of the list should be. So introducing a new IE to propagate the information in RAN may not be straightforward. Especially considering that the assumptions seems to be that this new list should be larger than the current UE history. 

· Question #3: Is there any benefit to make recommendation in eNB other than the last serving?
If we propagate the recommendation in RAN, we can propagate the recommendation from not only the last serving eNB. If a list of recommended cells is also propagated, the recommendation from previous eNB would “survive” and can be taken into account. It is however questionable if there is any advantage of this solution.

· Question #4: Is there any advantage of maintaining the list in RAN?
The solution that sends the list back to RAN from  the CN would also allow the list to be maintained during active/idle transitions. The advantage of this solution is that since the UE reports the last 16 visited cells at call setup, this information can be merged with the list from the MME and later provided to the MME to give a view of the UE mobility for more than the 16 last visited cells. First of all, it may not be straightforward for the eNB to merge, since part of the list reported from the UE may contain cells visited in active mode (the UE is not indicating whether the connection was in idle or active) so the eNB would need to match the two inputs (e.g. using time stamps) to determine where there is overlap. Note however, that this is also possible to be done in the MME. The MME could store lists received from eNBs at different occasions and merge these. But the MME may not be able to analyse the list to improve the recommendation if it should remain cell agnostic. 

With respect to the Propagation of paging message over X2:

A) The principle is that the paging handling and strategy including the foreseen repetitions is entirely mastered at the MME. It is FFS whether propagation of paging over X2 is compatible with this principle and whether it could be allowed if proved compatible and beneficial.

For this open issue, we believe the most important question is:

· Question #5: How do we keep the MME in control of paging and what is the benefit from these enhancements (last eNB provides a list of recommended cells)?
In an attempt to answers this, we try to evaluate this in the next section, where we compare the effort for paging on Uu for some different solutions.
2   Evaluation

In this section we quickly analyse the possible gain of using different strategies. In order to evaluate this, we have made some assumptions on scenarios. But since it may be difficult to agree on a single set of assumptions, and since we believe this may differ depending on the deployment, we try to use a set of different scenarios mainly to understand the characteristics of the solutions. Hence, the important part is not the absolute numbers, but the relationship between the results.

We start with the assumption of a hexagonal cell pattern, and eNBs with three sectors, where every cell has 6 neighbour cells, and every eNB has 5 neighbour eNBs. 
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We also assume a typical TA containing 100 eNBs. This result in the following number of cells paged depending on how wide the page is:

Table 1: Number of cells paged on paging target.

	Last cell
	Last eNB
	Neighbour cells
	Neighbour eNB
	TA 

	1
	3
	7
	18
	300


Then, we make some assumptions regarding the probability for paging success, which depends on the UE mobility. We start by defining the success rate for page for a normal UE and for a slow moving UE. Note that these assumptions are the first step and may need refinement, and in this contribution we just use these to get a feeling for how the solutions perform.

Table 2: Probability of paging success based on UE type and paging target.

	UE type
	Last cell
	Last eNB
	Neighbour cells
	Neighbour eNB
	TA

	Normal
	40%
	60%
	80%
	90%
	100%

	Slow
	70%
	90%
	95%
	97%
	100%


Then in order to further analyse the impact of the assumptions, we define six different mix of different proportion of the normal and slow UEs which results in six scenarios with different average success rate for each step. 

Table 3: Different scenarios taken into account.

	Scenario
	Ratio of slow UEs
	Paging success rate in different target areas

	
	
	Last cell
	Last eNB
	Neighbour cells
	Neighbour eNBs
	TA

	1
	0%
	40%
	60%
	80%
	90%
	100%

	2
	25%
	48%
	68%
	84%
	92%
	100%

	3
	50%
	55%
	75%
	88%
	94%
	100%

	4
	80%
	64%
	84%
	92%
	96%
	100%

	5
	90%
	67%
	87%
	94%
	96%
	100%

	6
	100%
	70%
	90%
	95%
	97%
	100%


Then we also want to evaluate some different paging strategies. An MME may for example choose to page in the last serving eNB and the TA. We assume that all solutions will always page is in the TA. We have excluded the analysis of the TA list, since this is out of scope for the enhancement. 

First we have the options without cell information (i.e. legacy solutions) that consist of sequentially paging:

Strategy 1. First the last serving eNB and then the entire TA, or

Strategy 2. First the last serving eNB, then the Neighbour eNBs and then the entire TA.

Then we evaluate some options that are available in case the last served cell is known in the eNB, i.e., sequentially page:

Strategy 3. First the last serving cell, then the last serving eNB and then the entire TA, or

Strategy 4. First the last serving cell, then the Neighbour eNBs and then the entire TA

Then we have some options in case the neighbour cell information is available in the MME, meaning that the MME can restrict the paging to neighbour cells, i.e., sequentially page:

Strategy 5. First the last serving cell, then the Neighbour cells and then the entire TA

Strategy 6. First the last serving eNB, then the Neighbour cells and then the entire  TA

Based on this, we evaluate the results, i.e. the average umber of paging messages that is required over the Uu interface to page one UE. This is done by multiplying the combined probability for successful paging in each step with the number of cells that should be paged in each step (including the cells that were paged in the step before), e.g. in strategy 2, when we page in the neighbour eNB in the second step, we also need to include the paging done in the eNB in the first step (which were unsuccessful). 

In this evaluation, we assume that the probability for successful paging in one step is the combined probability of paging success in this step, and unsuccessful paging in previous steps, e.g. the combined probability that we succeed with paging the third step is p3*(1-p1)*(1-p2), where p1, p2, and p3 are the probability for successful paging in each step. 

The number of pages without any optimisation is 300 (size of the TA). The figure below shows the required number of paging messages over Uu for the different strategies. 
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Figure 2. Number of paging messages over Uu for three sector eNBs. assuming 300 cells per TA.
As can be seen, strategy 2 is the one that in general offers most signalling reduction. If we specifically look at the scenarios with larger number of UE with low mobility we see that solution 6 is showing similar performance as solution 2.
We also examine the scenario of 6 cells per eNB. This can be interpreted e.g. as 3 sector eNBs supporting dual frequency bands. The assumptions regarding how many cells to page are then as follows:

Table 4: Number of cells per entity assuming 3 sectors per eNB.

	cell
	eNB
	neighbour cell
	Neighbour eNB
	TA

	1
	6
	14
	36
	600


Using the same scenarios as before we evaluate the paging over Uu. The result is shown in the figure below:
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Figure 3. Number of paging messages over Uu for six sector eNBs, assuming 600 cells per TA.
Also in this scenario, strategy 2 is the one that in general offers most signalling reduction and solution 6 is showing similar performance as solution 2 for scenarios with many UEs with low mobility. 

We also examine the scenario of 6 cells per eNB, but where we also assume that the cells in the TA are kept at 300. The assumptions regarding how many cells to page are then as follows:

Table 5: Number of cells per entity assuming 6 sectors per eNB.

	cell
	eNB
	neighbour cell
	Neighbour eNB
	TA

	1
	6
	14
	36
	300


Using the same scenarios as before we evaluate the average number of paging over Uu. The result is shown in the figure below:
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Figure 4. Number of paging over Uu for six sector eNBs, assuming 300 cells per TA.
In this evaluation, the performance of solution 6 and solution 2 are similar. The reason why solution 6 improves a bit is since the risk for paging in the TA is slightly higher for solution 6 (since it has slightly less probability to succeed when paging in only the neighbour cells instead of the neighbour eNB) and since the number of cells in the TA is reduced compared to figure 3.

We further evaluate this sensitivity, by evaluating the performance related to the paging success probability when paging neighbour eNB.

Table 6: New scenarios taken into account with changing paging success rate for neighbour eNBs.

	Scenario
	Paging success rate in different target areas (changes for Neighbour eNBs)

	
	Last cell
	Last eNB
	Neighbour cells
	Neighbour eNBs
	TA

	1
	40%
	60%
	80%
	80%
	100%

	2
	40%
	60%
	80%
	82%
	100%

	3
	40%
	60%
	80%
	84%
	100%

	4
	40%
	60%
	80%
	86%
	100%

	5
	40%
	60%
	80%
	88%
	100%

	6
	40%
	60%
	80%
	90%
	100%


The result is presented in the figure below:
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Figure 5. Number of paging over Uu for six sector eNBs, assuming 300 cells per TA, and where we vary the paging success rate for paging in the neighbour eNB.
This shows (as expected), that if we assume the probability for successful paging is the same (80%) for paging in neighbour cells and in neighbour eNB, Strategy 6 will be slightly more efficient, since we are paging less cells. But if there is an advantage (higher paging success) to page in neighbour eNB, the difference is reduced.

In a next step we re-use the assumptions in figure 3, but also further reduce the neighbour cells to be paged from 14 to 7 without modifying the success rate.

	cell
	eNB
	neighbour cell
	Neighbour eNB
	TA

	1
	6
	7
	36
	300


The results are presented in the figure below:
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Figure 6. Number of paging over Uu for a six sector eNB, assuming 300 cells per TA and where only 7 neighbour cells are paged.
These results show a small decrease in the number of paging over Uu, due to the reduced number of cells to be paged in the second step for strategy 5 and 6. But the difference compared to the results in figure 3 is very small.

Based on the results presented so far, we conclude that both strategy 2 and 6 performs well in the investigated scenarios which means that with the assumptions used in this evaluation there is no clear advantage of paging in neighbour cells (recommended cells) instead of paging in neighbour eNBs. 

Then in a next step we try to clarify in what scenarios it would be beneficial to page in the last serving cells. The basic requirements should be that the eNB is serving a large number of cells, and the probability for staying in the last serving cell is high. But we could not see any advantage in the evaluation so far, e.g. Strategy 5 performs worse than strategy 6 and Strategy 4 performs worse than Strategy 2. But in order to check some more, we also evaluate a 12 sector eNB, with the following assumptions of cells paged in each step:

	Cell
	eNB
	neighbour cell
	Neighbour eNB
	TA

	1
	12
	28
	72
	300


The results are shown in the figure below.
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Figure 7. Number of paging over Uu for twelve sector eNBs assuming 300 cells per TA.
In these results we can see that the difference between 4 and 2, and 6 and 5 is smaller compared to figure 1, but there is still no clear advantage of paging in the last serving cell. 

Finally, we modify the paging strategy slightly and introduce a new strategy where we use 4 steps of paging. We call this

· Strategy 7: First it is paged the last serving cell, then the last serving eNB, subsequently the Neighbour eNB and finally the TA.

Then, re-using the assumptions on the 6 sector eNB (figure 2), we evaluate the paging over Uu for strategy 2 and this new strategy 7. The results are shown in the figure below.
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Figure 8. Number of paging over Uu for six sector eNBs, and introducing a new strategy (7).
These results show that there is a gain of paging in the last serving cell. But it is important to remember that this benefit is only possible to achieve if we introduce a fourth step in the paging strategy. Adding an initial step with lower probability for success will have an impact on the average paging delay. 

Based on this, we conclude: it is possible to see a small benefit of paging in last serving cell, but only if we accept to introduce longer average delay.

3   Conclusion

In this contribution we list a set of questions to the approach that last eNB provides a list of recommended cells to MME. 

Based on the evaluation and analysis in this paper, we believe that it is not motivated to include a list of recommended cells from the eNB to the MME. 

Considering the relatively smaller impact of the solution to page in the last serving cell, there may be enough benefits to motivate the solution where the MME request the eNB to page in the last serving cell. 














































































Figure � SEQ Figure \* ARABIC �1�: Cell and sector pattern assumed for paging load analysis.
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