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1
Introduction
SA2 and CT1 have been elaborating possible core network (CN) impacts for the light connection mode. There are different issues for which SA2 or CT1 considered periodical paging area update (pPAU) to be a solution. Such cases listed bySA2/CT1 ([2]

 REF _Ref473286467 \r \h 
[4]) were:
· Paging failure: If UE is not reached by RAN paging (e.g. due to temporary out of coverage) UE remains in LC and pPAU would re-synch UE state both at the UE and network

· Extended out of coverage; similar to the first case

· Reachability of the UE; when being longer times in LC mode, network is not aware if the UE is still reachable or not

· Because UE in connected (or light connected) does not have periodic TAU, CT1 recommended that a periodic location update mechanism would be specified for light connection

The pPAU could be a solution for the identified issues. However, we think also RAN3 should evaluate if periodical PAU is the only solution and if there were other alternatives to solve the problems which possibly could result in more optimized behaviour.
2
Discussion
The identified problematic scenarios have similarities and different cases can be categorized to two main scenarios:

· Out of coverage (OoC) scenarios
· Network knowledge about the reachability of the UE within a known area
In following sections, we elaborate the scenarios and possible solution in more detail.
2.1
Out of Coverage scenarios (OoC)
While in LC mode, UE may be out of coverage for shorter or longer periods of time. RAN may not be aware of temporary loss of DL connection and UE not being able to select a suitable cell. What may happen in such situations:
1. No communication need/attempts over the radio connection

2. MT data/signalling may arrive triggering RAN paging

3. MO data/signalling may arrive 

The first case apparently would not cause any failure situation. 
However, either of the nodes, eNB or UE, will not be aware of potential communication attempts by the other node during the connection break. Due to this, there should be a known and specified procedure for the UE (which is the only node detecting potential OoC case) to reach synchronized operations between the UE and the network.
Alternative procedures to re-synchronize after OoC situation in scenario 1; this would be the case also in scenario 3 as the UE is not aware of paging attempts during OoC:
a) Do nothing: UE remains in LC and, when finding a suitable cell, monitors paging, initiates connection resume for any MO data/signaling and performs normal PAU when needed. Possible issues to be solved at the subsequent connection.
b) UE remains in LC mode but initiates PAU (or TAU if TA has changed) immediately when camping normally. This would be done in all cases where UE has been OoC, regardless of the length of OoC.

c) Like b) but PAU is initiated at the expiry of the timer for periodical PAU (in case pPAU specified)

d) UE goes idle and removes the context. When finding a cell to camp on, NAS recovery or TAU is initiated via a new connection.

Option a) would be suitable for scenario 1 resulting in minimized efforts and signalling. For scenario 3 this would mean that UE can initiate connection resumption first when a suitable cell is found. It should be noted that while waiting for a suitable cell to be available, the validity of MO data may expire and the case would essentially become like scenario 1.

Option b) would allow the UE to check that no connection has been attempted by the network in scenario 1. In scenario 3 PAU would be replaced by connection resume with cause value of MO data, in case the data is still valid after the OoC. Option c) would be similar to b) except longer delay when resuming the connection. Option d) would not result in excessive delay in scenario 3 but would not be optimum in terms of signalling load. Based on the above, the option b) would be a simple solution guaranteeing synchronized operation without excessive delays for connection resumptions. The penalty would be additional signalling (PAU) in scenario 1.
Observation 1: Initiating PAU when finding a suitable cell after being OoC would be a suitable compromise between signalling load and maintaining UE and network in a synchronized operation.

In the scenario 2 RAN (and CN) will detect the loss of coverage due to failed paging. The connection and UE context will be released but the UE is not aware of that while OoC.
The procedure of Obs.1 would be applicable also in this case although the resumption attempt would fail as the UE is in idle from the network point of view. This would not be a major issue assuming there will be specified mechanism for the failure recovery.
Observation 2: The same mechanism is applicable for scenario 2 that were identified suitable for scenario 1 and scenario 3.
2.2
UE reachability
UE reachability can be considered as a network counterpart for UE OoC with the exception that RAN or CN cannot detect the loss of the connection. Network cannot be sure if the UE is reachable by paging at all times. However, it is not clear if this is a real problem assuming the mechanism are defined for the OoC case (where the UE is non-reachable by the network). For any paging that fail, the network will release the connection. When the UE is able to find a suitable cell, procedures considered in section 2.1 provide proper means to recover from the abnormal situations. Hence, from RAN perspective, it is not certain if the periodical PAU is the only feasible solution for the OoC and reachability issue, or if the periodical PAU is needed at all.
Observation 3: The failure recovery mechanism would provide means to resolve potential issues when UE has been temporarily non-reachable.

2.3
Signalling load

Introduction of a periodical location update results in additional RRC signalling. The additional signalling load depends on the configured periodicity of PAU. The overhead will be largest with shortest periodicities which could provide most up to date information about UE location and reachability. However, the intention with the light connection is to minimize the signalling load and periodical PAU will reduce the achievable gains or benefits of the feature.

If the configured PAU periodicity is long, the importance of the signalling will become low as there will be long periods when the network would not know the exact location of the UE and whether it is reachable at all time instants. Therefore, in such case the need or benefits of using PAU will be questionable as a remedy for the UE reachability.

The applicability and benefits of light connection are evident in cases where the traffic is intermittent but anyway relatively frequent so that it is better not to release the connection. In such typical usage scenarios any additional periodical signalling may not provide meaningful additional information about the UE status.
Observation 4: Short periodicities of periodical PAU increase signalling load and hence degrade the benefits of light connection. With long periodicities the usefulness of periodical PAU to provide relevant information to the network about UE location and reachability, will diminish.
3
Conclusion and Proposal
In this paper, we have elaborated on UE reachability and benefits of periodic PAU for LC scenarios where the UE is temporarily in out-of-coverage situation. We made following observations:
Observation 1: Initiating PAU when finding a suitable cell after being OoC would be a suitable compromise between signalling load and maintaining UE and network in a synchronized operation.

Observation 2: The same mechanism is applicable for scenario 2 that were identified suitable for scenario 1 and scenario 3.
Observation 3: The failure recovery mechanism would provide means to resolve potential issues when UE has been temporarily non-reachable.

Observation 4: Short periodicities of periodical PAU increase signalling load and hence degrade the benefits of light connection. With long periodicities the usefulness of periodical PAU to provide relevant information to the network about UE location and reachability, will diminish.

Considering the elaboration of the OoC and reachability issues raised by SA2 and CT1, as well as the resulted increase for signalling load, we would like to question the SA2/CT1 conclusion whether periodical PAU is the right/only way forward.

Proposal 1: RAN3 is asked to analyse the SA2/CT1 conclusion on the need for periodical PAU whether it is the right or optimum solution from RAN perspective.
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