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Introduction
Concerning the paging for no-LC devices discussion as started in last RAN2 meeting. As a starting point for the related discussion the following points were captured in the report.
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FFS: Think more about….
A non-LC UE capable of EC operation but in normal coverage on a cell that supports EC, monitors …
a) paging according to the new paging mechanism introduced for Rel-13 LC UEs and EC if the NW expects the UE to be in extended coverage, 
b) legacy paging if the NW expects the UE to be in normal coverage


____________________________________________________________________________________

So far only 2 scenarios were considered and corresponding behaviour proposed, especially with respect to the NW and that the network expects the normal device being able to support EC in normal coverage or in enhanced coverage.
As the network expects the UE to be in normal or enhanced coverage it pages the device correspondingly regardless where the device really is. In the cases investigated so far the assumption was always that the device is normal coverage.

Besides the two mentioned possibilities:
The non –LC device is in normal coverage and
1. The networks expects it in normal coverage.
2. The network expects the device to be in enhanced coverage
There are also the following possibilities:
The non-LC device is in enhanced coverage:
1. The network expects the device in normal coverage
2. The network expects the device in enhanced coverage.

In the following contribution all 4 possibilities will be outlined. 
Discussion
The scenarios listed above can also be asset by looking at in a state diagram, i.e. investigating all possible state transmissions and the related knowledge in the network and the consequence for its paging. The idle mode mobility is done autonomously by the device and hence this should reflect what could really happen in the network.
When combining that the non-LC device may be in normal or enhanced coverage with the possibility that the network expects that the device is in normal or enhanced coverage as necessarily no information exchange is foreseen following 4 combinations may occur:

	Scenarios
	Scenario1
	Scenario2
	Scenario3
	Scenario4

	Network knowledge/expectation where the non-LC UE is “located”
	Enhanced coverage
	Enhanced coverage
	Normal coverage
	Normal coverage

	Non-LC device is located in following coverage situation
	Enhanced coverage
	Normal Coverage
	Normal coverage
	Enhanced coverage

	Problem
	No problem
	Network believes device (still) in enhanced coverage and pages accordingly.
	No problem
	Network will page device in normal coverage und device will/can’t receive decode.


Tab.1: Summary of the scenarios and related problems.
Starting from scenario 1 as listed above the less problematic cases can be addressed first. Coming from one scenario to another is achieved by either increasing or decreasing propagation conditions or adapting network expectation/knowledge,
Scenario1 non-LC device in enhanced coverage
As a starting point one may assume that at a certain time the non-LC device is in enhanced coverage because of bad propagation conditions and the network is aware that the device is in enhanced coverage. 
As the network knows that the device is in enhanced coverage it can page the device in accordance to the EC agreed methods, i.e. in the same was as an LC device means by using appropriate paging method.

Proposal 1: We propose that a non-LC device which is in enhanced coverage because of bad propagation conditions and the network is aware that the device is in enhanced coverage. Will be paged according to the LC/EC agreed paging method.

Scenario 2/3 non-LC device in normal coverage 
Considering that for the scenario depicted in scenario 1 the propagation conditions have increased so that the device is able to operate under normal coverage. Means:
 Scenario 2 is the situation where the device can operate under normal conditions but the network has still the knowledge/expectation that the device is in enhanced coverage. 
To avoid that the network pages the device unnecessarily there are two possible options:
1) The network is informed that the device is now under normal coverage condition, which means signaling load or
2) The device would still monitor the paging occasions for enhanced coverage.
For the following reason we are for this for option2 and the device should behave as follows. For MO calls there is no problem it shall behave like a non-LC device. For MT calls i.e. the reception of paging one needs to consider the unawareness of the network.
As the network would still consider the device to be in enhanced paging and would page the device accordingly, i.e. would use the EC paging method. To avoid the missing of paging the device shall listen to the EC paging occasions even so it is in normal coverage unless the network has become aware that the device is now again in normal coverage.
This awareness can occur by a device originated activity, i.e. TAU update MO call. After the network has become aware that the device does no ore need enhanced coverage support it is likely that the network will also change its paging behavior, i.e. from that moment on page the device with legacy paging method. However, the device needs also to receive the normal paging (legacy paging) to avoid missing of information i.e. concerning SIB updates. 
This means a non-LC device in normal coverage always listens to legacy paging if it just has entered normal coverage from enhanced coverage it listens in addition to the EC paging, unless the network is aware of its presence in normal coverage.
From the point in time where the non-LC UE being located in normal coverage and the network expectation i.e. the device is located in normal coverage are in line, we would call this Scenario 3.
The device is in normal coverage and the network knows it, i.e. the normal legacy situation applying legacy paging method.

Proposal 2: We propose that a non-LC device which entered normal coverage from enhanced coverage shall listen in addition to the enhanced coverage paging occasions for paging’s unless the network has become aware that the device is now in normal coverage conditions. 
Proposal 3: A non-LC device being in normal coverage shall listen to legacy paging.

Scenario 4 non-LC device entering enhanced coverage 
For a non-LC device entering enhanced coverage and the network is so far not aware of its presence in enhanced coverage the following problem arises:
The network will page the device based on legacy paging but the device will not receive it. To avoid the situation that the UE can’t be reached following methods are possible:
1) After unsuccessful paging of the device based on legacy paging, the network starts paging the device in enhanced coverage. It is up to the network to decide on enhanced coverage level to page for. For sure this is only valid in case that EC coverage support is available in said TA and to the maximum enhanced coverage supported in respective area. However this may cause a huge paging load.

2) The device in general informs the network that it has entered enhanced coverage from normal coverage. This would ensure that the device is still reachable but causes also an enormous signaling load if i.e. a TAU update with entering enhanced coverage would be signaled by every device going momentarily into EC coverage.


However with certain amendments option 2 ensuring the reachability can be made more attractive and leaving network freedom how to realize.
There are certain scenarios/circumstances where it may not be unusual that a non-LC device leaves normal coverage and enters enhanced coverage for a certain time and location. I.e. driving through a tunnel. Based on past experience the network may know, that devices here enter EC coverage for a certain time or stationary and may page them accordingly without the need of further signaling. 
On the other hand it may happen everywhere i.e. entering a basement or underground which is covered by EC only, here for reachability it may be advantageous to have an indication that EC was entered. To have a possibility to cope with signaling the network may indicate whether a non-LC device shall indicate that it has entered enhanced coverage including potentially a hysteresis value. As the device needs to read M-SIBs anyway the indication could be done in the M-SIBs. I.e. indicate whether a non-LC device entering enhanced coverage needs to signal its entering of the enhanced coverage to the network.
Porposal4: We propose that the network indicates in the M-SIBs whether a non-LC device entering enhanced coverage shall indicate its presence in enhanced coverage.

The table below summarizes al scenarios as listed in chapter 1, its problems and the proposed solutions:

	Scenarios
	Scenario1
	Scenario2
	Scenario3
	Scenario4

	Network knowledge/expectation where the non-LC UE is “located”
	Enhanced coverage
	Enhanced coverage
	Normal coverage
	Normal coverage

	Non-LC device is located in following coverage situation
	Enhanced coverage
	Normal Coverage
	Normal coverage
	Enhanced coverage

	Problem
	No problem
	Network believes device (still) in enhanced coverage and pages accordingly.
	No problem
	Network will page device in normal coverage und device will/can’t receive decode.

	Solution
	non-LC UE is paged according to LC/EC method.
	Device monitors legacy paging and EC paging unless network got aware of its presence in NC.
	Legacy paging 
	Network indicates whether non-LC devices shall signal its presence in enhanced coverage.



Table2: Summary of the scenarios, its problems and the proposed solutions.
Conclusions
Proposal 1: We propose that a non-LC device which is in enhanced coverage because of bad propagation conditions and the network is aware that the device is in enhanced coverage. Will be paged according to the LC agreed paging method.
Proposal 2: We propose that a non-LC device which entered normal coverage from enhanced coverage shall listen in addition to the enhanced coverage paging occasions for paging’s unless the network has become aware that the device is now in normal coverage conditions. 
Proposal 3: A non-LC device being in normal coverage shall listen to legacy paging.
Porposal4: We propose that the network indicates in the M-SIBs whether a non-LC device entering enhanced coverage shall indicate its presence in enhanced coverage.
.
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