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1 
Introduction
 [1] aims at challenging the agreement made at last RAN3#87bis (and already communicated to SA2) of last serving eNB sending a list of recommended cells (last visited or neighbour cells) for the subsequent paging. In [1] simulation results are presented for various types of mobiles and mostly for eNBs with less than 12 cells (for most scenarios 6 cells per eNB).

The main scenarios used in [1] are however not relevant for the scope of the studied feature.

It is useful to recall the main objective of the paging optimization work triggered by SA2 in LS in [2] is only for slow moving mobiles or stationary mobiles:

(a) 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))

It is assumed as stated above that there are identified by the MME and eNB.

Another prerequisite behind this work is obviously the rising deployments with increasing number of cells per eNBs i.e. this release 13 work should be able to address deployments with a few tens of cells per eNB.

In light of the above re-focused scope where the features discussed can be useful, this paper re-uses the same simulation method as in [1] to show what are the real figures that one can expect from the proposed optimization features. 
2 
Description
At RAN3#87bis, two main improvements had been discussed. Tdoc [1] presents 6 paging strategies which we can organize in three main options to be compared:

Option 1: no eNB improvement corresponds to strategy 1 (no MME processing) and 2 (with specific MME processing added)

Option 2: last serving eNB reported and used for subsequent paging in strategy 3 (no MME processing) and strategy 4 (with specific MME processing)

Option 3: list of recommended (visited or neighbours) reported and used for paging in strategy 5 and 6. 

Then we reuse the table of [1] for the probability of paging success provided for slow mobiles:
Table 0: Probability of paging success for slow UEs based on paging target.

	UE type
	Last cell
	Last eNB
	Neighbour cells
	Neighbour eNBs
	TA

	Slow
	70%
	90%
	95%
	97%
	100%


Then, reusing also the hexagonal simplified cluster of figure 1 of [1] we analyse three re-focused scenarios involving respectively 24, 48 and finally 96 cells per eNB. 
Scenario 1
The scenario 1 is described by the following assumptions on a number of cells of 24 per eNB and 300 cells per TA:

Table 1-1: Number of cells paged on paging target in scenario 1
	Last cell
	Last eNB
	Neighbour cells
	Neighbour eNBs
	TA 

	1
	24
	7
	6*24=144
	300


It gives the following results using the calculation method used in [1]. Detailed calculations can be seen in annex.
Table 1-2: average number of radio paging messages per strategy in scenario 1
	Strategy 1
	Strategy 2
	Strategy 3
	Strategy4
	Strategy 5
	Strategy 6

	51,6
	36,5
	16,2
	45,4
	7,2
	23,8


The results show that even when taking as benchmark the best of option 1 (= strategy 2 with processing in the MME) 

· the improvement of option 2 can divide by more than a factor 2 the number of paging messages (16,2 compared to 36,5)
· the improvement of option 3 can divide by more than a factor 5 the number of paging messages (7,2 compared to 36,5)

Scenario 2
The scenario 2 is described by the following assumptions on a number of cells of 48 per eNB and 600 cells per TA:

Table 2-1: Number of cells paged on paging target in scenario 2
	Last cell
	Last eNB
	Neighbour cells
	Neighbour eNB
	TA 

	1
	48
	7
	6*48=288
	600


It gives the following results using the calculation method used in [1]. Detailed calculations can be seen in annex.

Table 2-2: average number of radio paging messages per strategy in scenario 2
	Strategy 1
	Strategy 2
	Strategy 3
	Strategy4
	Strategy 5
	Strategy 6

	103
	73
	31,6
	89,9
	11,7
	46,9


The results show that even when taking as benchmark the best of option 1 (= strategy 2 with processing in the MME) 

· the improvement of option 2 can divide by more than a factor 2 the number of paging messages (31,6 compared to 73)

· the improvement of option 3 can divide by more than a factor 6 the number of paging messages (11,7 compared to 73)

Scenario 3
The scenario 3 is described by the following assumptions on a number of cells of 96 per eNB and 600 cells per TA:

Table 3-1: Number of cells paged on paging target in scenario 3
	Last cell
	Last eNB
	Neighbour cells
	Neighbour eNBs
	TA 

	1
	96
	7
	6*96=576
	600


It gives the following result using the calculation method used in [1]. Detailed calculations can be seen in annex.

Table 3-2: average number of radio paging messages per strategy in scenario 3
	Strategy 1
	Strategy 2
	Strategy 3
	Strategy4
	Strategy 5
	Strategy 6

	146,4
	144
	44,6
	173,7
	11,7
	90


The results show that even when taking as benchmark the best of option 1 (= strategy 2 with processing in the MME) 

· the improvement of option 2 can divide by more than a factor 3 the number of paging messages (44,6 compared to 144)

· the improvement of option 3 can divide by more than a factor 12 the number of paging messages (11,7 compared to 144)

3 
Conclusion and Proposal 

This paper has presented the paging improvements which can be obtained using the same calculation method as [1] but with scenarios focused on slow moving mobiles and eNBs comprising a few tens of cells.
The results show that:

· reporting the last serving cell for use at subsequent paging can divide the number of paging messages over the radio with a factor between 2 and 3 depending on the scenario (= up to 66% paging messages saved).

· reporting a few visited or neighbour cells for use at subsequent paging can divide the number of paging messages over the radio with a factor between 5 and 12 depending on the scenario (= up to 92% paging messages saved).
Moreover, we think the gain will be further higher in reality because the simple hexagonal pattern used by [1] doesn’t take into account the knowledge of last serving eNB in multi-frequency hetnet (relation macros-picos, prioritized dedicated camping frequencies, UE capabilities, etc..).

It is concluded that there is no justification to revert the agreement made at RAN#87bis and communicated to SA2.
Proposal: 
RAN3 to confirm the agreement made at RAN#87bis that list of cells may be sent from serving eNB to MME to be used for paging optimisation purpose.
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Annex
Detailed calculation for the average number 
Scenario 1

The scenario 1 is described by the following assumptions on a number of cells of 24 per eNB and 300 cells per TA:

Table 1-1: Number of cells paged on paging target in scenario 1
	Last cell
	Last eNB
	Neighbour cells
	Neighbour eNBs
	TA 

	1
	24
	7
	6*24=144
	300


Strategy 1: 0,9*24+0,1*300= 51,6
Strategy 2: 0,9*24+0,1*0,97*144+0,1*0,03*300= 36,5
Strategy 3: 0,7+0,3*0,9*24+0,3*0,1*300= 16,2
Strategy 4: 0,7+0,3*0,97*144+0,3*0,03*300= 45,4
Strategy 5: 0,7+0,3*0,95*7+0,3*0,05*300= 7,2
Strategy 6: 0,9*24+0,1*0,95*7+0,1*0,05*300= 23,8
Scenario 2
The scenario 2 is described by the following assumptions on a number of cells of 48 per eNB and 600 cells per TA:

Table 2-1: Number of cells paged on paging target in scenario 1
	Last cell
	Last eNB
	Neighbour cells
	Neighbour eNBs
	TA 

	1
	48
	7
	6*48=288
	600


Strategy 1: 0,9*48+0,1*600= 103

Strategy 2: 0,9*48+0,1*0,97*288+0,1*0,03*600= 73
Strategy 3: 0,7+0,3*0,9*48+0,3*0,1*600= 31,6
Strategy 4: 0,7+0,3*0,97*288+0,3*0,03*600= 89,9
Strategy 5: 0,7+0,3*0,95*7+0,3*0,05*600= 11,7
Strategy 6: 0,9*48+0,1*0,95*7+0,1*0,05*600= 46,9
Scenario 3
The scenario 3 is described by the following assumptions on a number of cells of 96 per eNB and 600 cells per TA:

Table 2-1: Number of cells paged on paging target in scenario 1
	Last cell
	Last eNB
	Neighbour cells
	Neighbour eNBs
	TA 

	1
	96
	7
	6*96=576
	600


Strategy 1: 0,9*96+0,1*600= 146,4

Strategy 2: 0,9*96+0,1*0,97*576+0,1*0,03*600= 144
Strategy 3: 0,7+0,3*0,9*96+0,3*0,1*600= 44,6
Strategy 4: 0,7+0,3*0,97*576+0,3*0,03*600= 173,7
Strategy 5: 0,7+0,3*0,95*7+0,3*0,05*600= 11,7

Strategy 6: 0,9*96+0,1*0,95*7+0,1*0,05*600= 90
