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1   Introduction
RAN3 has received an LS from RAN2 on MTC paging in R3-150922. In this document we analyze the impact on the paging optimization.
2   Discussion

2.1   Input LS from RAN2 

RAN2 has agreed that Rel-13 “normal complexity” UEs in enhanced coverage will be paged using the same mechanism for paging Rel-13 “low complexity” UEs.

…

RAN2 agreed that both UE radio capability (Rel-13 low complexity and/or enhanced coverage capability) and information about UE’s enhanced coverage level are used in the eNB to determine the amount of coverage enhancement techniques required.

…
It is beneficial to store UE’s enhanced coverage level related information in the CN. RAN2 agreed that the IDLE UE does not inform the network when it changes the enhanced coverage level within a cell or when it changes to another cell.

…

It is important for the network to know the cell identity where the last known enhanced coverage level is relevant. RAN2 has agreed that coverage enhancement level related information and the corresponding cell ID are provided from eNB to MME and back. However, to which eNBs the MME sends the paging request is up to network implementation. It is FFS whether the cell ID is visible to the MME.

Based on the above, we see that RAN2 is converging to a solution where the eNB reports the coverage level and the capability to the MME and MME includes this in the paging message to the eNB. We also see that the coverage level is not updated during idle mode. The further details, i.e. how this is signalled, are however not agreed yet.

For Rel-13 low complexity/enhanced coverage UEs, it is beneficial if the MME indicates to the eNB whether the paging attempt is e.g. 1st or 2nd, … for this UE.

For this part, there is no motivation included in the LS, but some motivation to this can be found in R2-151107: “the eNB may initially page assuming the UE is within normal coverage, and if this is not successful, then in subsequent attempts the eNB may page assuming that increasing levels of coverage extension are required. To facilitate such an approach it may be necessary for the MME to provide the eNB with an attempt count value in the S1 paging message”. This will be further discussed in the following section.

2.2   Paging with coverage extension

In this section we briefly discuss how this paging with coverage extension may work. 

When adding the coverage extension, we add an additional dimension for the paging. Before we added the functionality of coverage extension, the uncertainty was regarding the location of the UE. Therefore, the MME could for example optimize paging by 
1) Page in the last serving eNB, 
2) Page in neighbour eNB 
3) Page in the TA (and TA list).
But when we add CE as a new dimension, we also have this uncertainty to consider. The MME cannot know how accurate the reported CL is, and it is not efficient to always page with the highest CE. One way to allow for a more efficient paging is if the eNB can use different CE for different paging attempts. As mentioned above, one way to solve this is to let the MME indicate the paging count to the eNB. The eNB could then choose to increase the CE successively to increase the chance for paging success. 
When we discuss optimised paging for MTC, we believe that it is very important to allow for the MME to adjust the paging scheme depending on the UE. The MME may want to use different strategy depending on the urgency to establish a connection. 
Even if the same scheme is used for all UEs in coverage enhanced mode, this will most likely differ from the normal paging. One example would be that the MME tries to page in the last serving cell twice, one time with the suggested CL and one time with the maximum coverage enhancement. But in order to do so, the MME would benefit from knowing whether the UE is being paged in coverage enhanced mode or not. Otherwise, the MME would have to page all UEs twice in the last serving eNB.
Proposal 1: Agree that it would be beneficial for the MME to know whether the UE is paged with coverage extension, and inform RAN2 and SA2 about this.

In this example we illustrate how the paging count, as suggested by RAN2, could be used to achieve this incremental page, with the page count indicated within the brackets:

1) Page in the last serving eNB, with the CE corresponding to the reported CL (page count 1)
2) Page in the last serving eNB, with the CE corresponding to the reported CL + 3dB (page count 2)

3) Page in the last serving eNB, with the CE corresponding to the reported CL + 6dB (page count 3)
4) Page in neighbour eNB with a CE of 6dB (page count 3)
5) Page in the TA (and TA list) with a CE of 6dB (page count 3)
As can be seen in the example, the number of paging attempts will increase. Already in this simple example we deliberately removed some possible intermediate steps, e.g. “page in neighbour eNB +3dB” just to indicate that the MME would not like to use all possible paging possibilities all the time. This since introducing more steps may not always be beneficial and would also delay the page, increase the paging messages over S1 and the processing in the MME.
When looking at the suggested indicator in the example (page count) we note that this is not the most straightforward indicator to use. In the example above, the indicator is not used to indicate which paging repetition this is (1..5). It would be more logical to directly indicate the desired CE level. Hence, we believe that it would make more sense to instead of including a page count indicator, include a coverage extension indicator. This should only be included for UEs with coverage extension capability. The eNB would then, based on implementation, select which physical channel parameters this indicated coverage extension corresponds to. Hence, our proposal is to:
Proposal 2: Agree that the MME should be able to indicate which coverage extension to use.
In an initial attempt to evaluate this (see Annex) we conclude that it may be sufficient to indicate whether the suggested CL should be considered in the last serving eNB or whether the paging should be performed at maximum CE. In all other cells, it would be enough to page using the maximum CE. This can be seen as the minimal solution and could be signalled either implicitly (option 1) by excluding the CL information (and only include the CE capability) in the paging from MME to eNB, or by introducing a new flag (option 2)indicating whether the eNB should disregard the included CL. Note that if we would like to promote the implicit signalling, we need to request RAN2 to report the CL and the cell ID for where this CL is measured in a separate container and this should be sent in a separate IE over S1 to enable the MME to chose whether to include it or not in the paging message. 
An extension to the solution above would be to include more than one code point (e.g. three) to the indication sent from MME to eNB (option 3). This could for example be an indicator similar to page count [1, 2, 3] or an enumerated value [low, medium, high].

Proposal 3: Discuss and agree whether the minimal solution (simple indicator to last serving eNB only) or a more general indicator with e.g. three code points is needed.

3   Summary
In this paper, we discussed the paging for MTC, and propose

Proposal 1: Agree that it would be beneficial for the MME to know whether the UE is paged with coverage extension.

Proposal 2: Agree that the MME should be able to indicate which coverage extension to use.

Proposal 3: Discuss and agree whether the minimal solution (simple indicator to last serving eNB only) or a more general indicator with e.g. three code points is needed.

We also propose to send and LS to RAN2 and SA2 to inform them about these decisions.

Annex – initial evaluation
We performed an initial evaluation of paging for MTC. In this example, we look at the paging for UE which is reported to be in one CE mode (5dB), and where we assume we can page in two different ways (e.g. CE is 5 or 15 dB), where the required radio resource is 10 and 50 (see R2-151554). Then, we assume that the reported CL is not correct for some UEs (10%) when we page in last serving eNB, i.e. in 10% of the cases a UE paged with CE 5dB cannot be reached, and requires CE 15dB. If we page outside the last serving eNB we assume we have no knowledge about the CE, and therefore assume that slightly more, 30%, of the UEs require to be paged with a CE of 15dB. 

Then we combine the above, with some assumptions on the paging success when paged in different areas (last eNB, neighbour eNB, TA) and this result in the following table showing the success rate for paging in the different steps:

	UE type
	Paging success rate in different target areas

	
	eNB 5
	eNB 15
	n eNB 5
	n eNB 15
	TA 5
	TA 15

	Normal
	54%
	60%
	63%
	90%
	70%
	100%

	Slow
	81%
	90%
	68%
	97%
	70%
	100%


From this table we create 6 scenarios with a different mix of normal and slow UEs:

	Scenario
	Ratio of slow
	Paging success rate in different target areas

	
	
	eNB 5
	eNB 15
	n eNB 5
	n eNB 15
	TA 5
	TA 15

	1
	0%
	54%
	60%
	63%
	90%
	70%
	100%

	2
	25%
	61%
	68%
	64%
	92%
	70%
	100%

	3
	50%
	68%
	75%
	65%
	94%
	70%
	100%

	4
	80%
	76%
	84%
	67%
	96%
	70%
	100%

	5
	90%
	78%
	87%
	67%
	96%
	70%
	100%

	6
	100%
	81%
	90%
	68%
	97%
	70%
	100%


Then we compare how many radio resources are required for the Uu paging (number of paged cells multiplied with 10 or 50) are needed for the following sequential paging strategies:

1) eNB (15) + TA(5) + TA (15)

2) eNB (15) + neighbour eNB (15) + TA(15) 

3) eNB (15) + neighbour eNB (15) + TA (5) + TA(15)

4) eNB (5) + eNB (15) + neighbour eNB (15) + TA(15) 

5) eNB (5) + eNB (15) + neighbour eNB (5) + neighbour eNB (15) + TA(15) 

6) eNB (5) + eNB (15) + neighbour eNB (5) + neighbour eNB (15) + TA(5) + TA(15)

The result is shown in the figure below
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From this figure, we can see that:

· Strategy 2 pages at highest power all the time.

· Strategy 5 and 6 reduces the resources the most, but requires 5 and 6 steps (compared to 3 steps for strategy 2).

· Strategy 4 reduces the resource usage by approximately a factor of 3 compared to strategy 2, and only introduces one initial step where the page is performed according to the reported CE. 
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