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1
Introduction

R3-161959 [2] identified the following aspects to be for further discussions (numbered for better reference):

1.
Does RAN based paging also applies to CP?

2.
The procedure when UE moves to another eNB within the “paging area”.

3.
The procedure when UE moves out of the “paging area”.

4.
Possible Legacy functionality impact needs to be discussed if confirmed:

4.1
CSFB (Incoming paging from CN – MME impact?)

4.2
Power Saving Mode (PSM)

4.3
High latency communication

4.4
MME load balancing

This document discusses those.

Solutions for certain issues depend on the approach taken. As discussed in [other papers] there are basically three approaches:

1)
Explicit RAN Paging Area

2)
The area for RAN paging is defined by a UE specific list of cells, communicated to the UE

3)
The area for RAN paging may span upon the eNB’s choice from a (few) cell(s) to the whole list of Tracking Areas the UE is registered, requiring CN assistance to enable RAN paging non-neighbour-eNBs.
Discussions below refer to the categorisation above, whereas real major discussions are necessary for items 4.x.
2
Discussion

Ad 1)
Does RAN based paging also apply to CP?
This is an interesting question, as one of the principle guidelines when designing the CP solution for IoT was that no context is kept in the RAN at all. Now, for UEs that use the CP solution only, this question doesn’t have any relevance.
For UEs that uses the CP solution for some of its services, but have context data available in the RAN for conveying data in the UP style, CP user data will arrive at the eNB as NAS PDUs and trigger paging. We assume that the same scheme would apply as if actual NAS protocol data would be contained in the NAS PDU.
Observation 1 RAN based paging is not applicable for CP. Nevertheless, a UE receiving data for certain services via CP IoT optimisation means may be in light connected for other suspended E-RABs. In this case, RAN based paging would be triggered by a DL NAS PDU. 
Ad 2)
The procedure when UE moves to another eNB within the “paging area”.
We assume that for all 3 approaches context retrieval as defined in Rel-13 is the baseline and will be enhanced e.g. by data forwarding capabilities and probably the possibility to retrieve the UE context via the MME if no X2 communication is available between the serving eNB and the new eNB.
Ad 3)
The procedure when UE moves out of the “paging area”.
This depends on the approach. Common to all approaches would be the context retrieval from the old serving eNB. We expect that context retrieval via the MME will become necessary to cover all kind of scenarios.

In addition, along the classification of approaches introduced at the begin of the paper, the following can be stated:
For approach 1) (RAN Paging Area ID) explicit RRC signalling is expected to register UEs in such areas, to broadcast a respective RAN Paging Area identifier and a procedure to update the network’s knowledge of the UEs position in case the UE moves out of the paging area.

For approach 2) (cell list) no additional area needs to be defined since the cell list itself defines implicitly the RAN Paging Area, but additional signalling is needed to register the UE in the cell list and for the UE to notify the network if it moves out.

For approach 3) (CN Tracking Area) we expect no additional signalling, as the UE will perform NAS signalling if it leaves the list of TAs it is registered. This is legacy behaviour and applies in principles also for approaches 1) and 2).

Ad 4)
Possible Legacy functionality impact needs to be discussed if confirmed:

Ad 4.1)
CSFB (Incoming paging from CN – MME impact?)
The eNB serving a UE in light connected mode would receive a S1 DOWNLINK NAS TRANSPORT containing a NAS CS SERVICE NOTIFICATION.
Such trigger would cause the serving eNB to start RAN paging, which could involve X2 paging and (dependent on the finally agreed approach) CN assistance for RAN paging.

At UE Context Retrieval, the NAS PDU would need to be provided to the new serving eNB.

If UE Context Retrieval fails, the MME would need to repeat its CS Fallback Indication at Initial Context Setup.

Observation 2 The initiating NAS PDU for CSFB would trigger RAN paging for light connected UEs. UE Context Retrieval would need to transfer This NAS PDU to the new serving eNB. 
Ad 4.2)
Power Saving Mode (PSM)
Power Saving Mode was introduced to allow UEs in ECM-IDLE to be in a very low power mode for a relatively long time and hence being known to be unreachable by the network for that time, while staying registered. The network would not try to contact the UE during that time.
Observation 3 PSM in the context of light connected mode is only applicable if a UE in light connected mode behaves w.r.t. PSM as being in ECM-IDLE. This assumption needs final confirmation from other WGs (RAN2, CT1) 

PSM is negotiated between the UE and the CN on NAS level and applied when UE.
Functions have been defined in the CN that take into account the UE’s reachability and e.g. only page UEs for pending data when the UEs is known to be presence.

Duplicating the same functions in the RAN is not recommended, as this would probably also include terminating CN interfaces in RAN.

On the other hand, if PSM is negotiated one may assume that the UE and the network are in acceptance for rather high latency in the UE’s responsiveness. One may ask whether the light connected mode is of relevance for UEs for which PSM has been negotiated.
Wouldn’t it be a rather pragmatic approach to inform the RAN whether PSM is negotiated for a UE and by that assume that the RAN will not apply light connected mode for that UE? By that, provision of DL data can be coordinated with the application by means of existing CN functions. As an alternative, the CN could remove the S1 signalling connection.
Currently, UEs where assumed to be in ECM-IDLE while being in PSM. We do not see any good reason to allow PSM for UEs in ECM-CONNECTED. The time-lines, i.e. activity for UE in PSM is expected to be some magnitudes lower than for UEs intended for the “inactive”/”light connected” mode.

Observation 4 By informing RAN that the UE has negotiated PSM the RAN could deduce that the light connected mode is not applicable. 
Ad 4.3)
High latency communication
HLCOMM covers network features to handle mobile terminated (MT) communication with UEs being unreachable while using power saving functions e.g. UE Power Saving Mode (see clause 4.3.22) or extended idle mode DRX (see clause 5.13a) depending on operator configuration. (see TS 23.401). PSM is already handled in the above item, so this section discusses idle mode eDRX.
Observation 5 Idle mode eDRX in the context of light connection is only applicable if a UE in light connected mode behaves w.r.t. idle mode eDRX as being in ECM-IDLE. This assumption needs final confirmation from other WGs (RAN2, CT1) 

If Idle mode eDRX is agreed to be applied for UEs in light connected, then several aspects have to be considered:
-
With the RAN to be responsible for UE paging, eDRX parameters (eDRX cycle and PTW) would need to be provided as UE Context information from the MME to the eNB at Context Setup. 
-
If the CN is kept completely unaware of the UE’s RRC connectivity state, the UE might go into RRC_IDLE and start the eDRX timer. HLCOMM service using eDRX rely on knowledge when the UE is reachable. With the S1 connection kept, those service would assume reachability of the UE, while the UE would only receive user data after the end of the current eDRX cycle. This may be an issue for certain services.
(
If eDRX shall be applied in light connected mode, eDRX configuration parameters would need to be provided as UE context data to the seving RAN node, including any updates negotiated via NAS signalling. 

· If the CN is kept unaware of the UEs actual RRC connectivity state, then light connection should not be applied for “large” eDRX cycles. (The meaning of “large” could correspond a network specific threshold) 

(
Another possibility would be to indicate to the MME when UEs become RRC idle or to fall back to Rel-13 Suspend/Resume or even release the S1 signalling connection. 
-
If eDRX is applied for light connected mode pending DL data or NAS PDUs might need to be forwarded to the new serving eNB, if the UE has moved to another RAN node.

Observation 6 Whether idle mode eDRX can be applied for UEs in light connection depend on decisions in other groups. If the features are allowed to co-exist, it needs to be further analysed und which conditions and with which additional network means such may be possible. 
Ad 4.4)
MME load balancing

MME load balancing shouldn’t be affected by any approach for “light connected” UEs. MME load balancing is a feature that allows to serve UEs entering an MME pool by an appropriate, less loaded MME (see 23.401). UEs changing MME pools would in any case cause explicit signalling via S1 from the new eNB towards the new MME pool, so this function would work as of today.

Offloading MMEs is also described in 23.401 and may require action towards the UE. In 4.3.7.3 it is stated that the MME initiates the S1 Release procedure with release cause "load balancing TAU required" (clause 5.3.5). The S1 and RRC connections are released and the UE initiates a TAU but provides neither the S-TMSI nor the GUMMEI to eNodeB in the RRC establishment. 

UEs that are inactive would need to be contacted in order to move them from “inactive” to “full idle”. 
On the other hand, we would expect the mechanism also to work if the network removes the UE Context without notifying the UE. This may be necessary if the network wasn’t able to reach the UE for a while and the UE didn’t show any activity (not even periodic TAU). If the UE comes back and regards itself being still “inactive”, the respective RRC Resume procedure would fail and the UE would re-connect also on NAS. 

Observation 7 No major issues have been found with MME load balancing. 
3
Conclusion
The following observations where made while discussing the open issues as identified in R3-161959:
Observation 1
RAN based paging is not applicable for CP. Nevertheless, a UE receiving data for certain services via CP IoT optimisation means may be in light connected for other suspended E-RABs. In this case, RAN based paging would be triggered by a DL NAS PDU.
Observation 2
The initiating NAS PDU for CSFB would trigger RAN paging for light connected UEs. UE Context Retrieval would need to transfer This NAS PDU to the new serving eNB.
Observation 3
PSM in the context of light connected mode is only applicable if a UE in light connected mode behaves w.r.t. PSM as being in ECM-IDLE. This assumption needs final confirmation from other WGs (RAN2, CT1)
Observation 4
By informing RAN that the UE has negotiated PSM the RAN could deduce that the light connected mode is not applicable.
Observation 5
Idle mode eDRX in the context of light connection is only applicable if a UE in light connected mode behaves w.r.t. idle mode eDRX as being in ECM-IDLE. This assumption needs final confirmation from other WGs (RAN2, CT1)
Observation 6
Whether idle mode eDRX can be applied for UEs in light connection depend on decisions in other groups. If the features are allowed to co-exist, it needs to be further analysed und which conditions and with which additional network means such may be possible.
Observation 7
No major issues have been found with MME load balancing.


The following is proposed:

Proposal 1 Allow CSFB related UE context data is not necessary to be provided to the new serving eNB at UE context retrieval, however, the triggering NAS PDU needs to be forwarded.
Proposal 2 Discuss the possibility to Introduce a PSM indicator into S1 UE Context Setup/Modification signalling to allow the eNB examining applicability of light connected mode.

Proposal 3 On eDRX, wait for other groups to conclude on whether Idle Mode eDRX can be applied during light connected mode.
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