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1   Introduction
Based on the discussion in RAN3#93bis meeting [1], there are 9 open issues listed:
Open Issue 1: Paging Area of the UE in light connection

Open Issue 2: X2 context fetch supporting

Open Issue 3: Content of X2 PAGING message

Open Issue 4: UE connects and no X2 available

Open Issue5:  eNB handling of unreachable UE in case of RAN paging failure

Open Issue 6: Which node to decide the suspension

Open Issue 7: How to support CP signalling in Light connection

Open Issue 8: Possible Legacy functionality impact needs to be discussed if confirmed

Open Issue 9: MME awareness of whether the UE is in Light Connection or not
In this contribution, we provide our view for further progress:

2   Discussion

2.1   Open Issue 1: Paging Area of the UE in light connection

Currently, UE’s tracking area includes a list of TAIs, which may contain hundreds of cells/eNBs, note that the eNB is not aware of the UE’s tracking area, and not aware of which eNBs are included in the tracking area, TA is not a good candidate to be used as RAN paging area, especially from Radio Resource point of view. From our view, the RAN paging area is configured by the RAN, it could be a list of Cell s or a list of PA ids which is pending to RAN2. , 
Proposal 1: RAN paging area is configured by the RAN, it could be a list of Cell s or a list of PA ids which is pending to RAN2.
Note: in CR [5], Cell List is used and marked FFS pending to RAN2.
2.2   Open Issue 2: X2 context fetch supporting

To support X2 context fetch, and Data forwarding, it was understood that lots of companies support to enhance X2 retrieval UE context UE context release procedures to support X2 context fetch, in order to help the progress, we also turn to support that. 

Compares of “enhance UE CONTEXT RELEASE message” and “New Message to carry GTP Tunnel info”, as the UE context release is triggered after path switch, and it was designed to trigger the release of UE context, instead of trigger to start data forwarding, it is preferred to select the option 3 in the way forward, i.e. “Option3: Enhanced X2 retrieval + New Message to carry GTP Tunnel info”

The specification changes will be:

1) Add Data forwarding indication in RETRIEVE UE CONTEXT RESPONSE message
2) Introduce a new class2 message to carry forwarding GTP Tunnel info from the new eNB to the old eNB.
Proposal 2: to support X2 context fetch, add Data forwarding indication in RETRIEVE UE CONTEXT RESPONSE message, and introduce a new class2 message to carry forwarding GTP Tunnel info from the new eNB to the old eNB.

2.3   Open Issue 3: Content of X2 RAN PAGING message
When DL data arrives in anchor eNB, the anchor eNB sends X2 RAN paging to other eNBs in the RAN paging area of the lightly connected UE. The information needed for X2 RAN paging message are analysed as following:
	IE/Group Name
	Need in X2 paging
	Comments

	UE Identity Index value
	YES
	RAN2 has agreed to UE IMSI mode x for PF/PO calculation

	UE Paging Identity
	YES
	Depend on RAN2 discussion, may be resume ID or S-TMSI

	Paging DRX
	YES
	Depend on RAN2 discussion.

	CN Domain
	NO
	Since the UE is ECM-CONNECTED for lightly connected UE, the MME will transfer NAS message(CS Notification) to eNB for CS fallback, The eNB will not know the NAS signalling is for CS domain and thus will not include CS Domain indicator in RAN initiated Paging

	List of TAIs
	FFS
	Depend on RAN2 discussion, if Paging Area include TAI list, this is needed.

	CSG Id List
	NO
	Assume not supported.

	Paging Priority
	Maybe
	In S1 paging, the MME maps the Paging priority from eMLPP priority level in [23.272], for eNB initiated paging. For RAN initiated paging, if paging priority is used, it needs to discuss how to determine paging priority by anchor eNB.

	UE Radio Capability for Paging
	YES
	Need to be used by the receiving eNB.

	Assistance Data for Paging
	YES
	Could be used by the receiving eNB.

	Paging eDRX Information
	FFS
	Depend on whether eDRX is supported in Light Connection

	Extended UE Identity Index Value
	YES
	RAN2 has agreed to UE IMSI mode x for PF/PO calculation

	NB-IoT Paging eDRX Information
	FFS
	Depend on whether eDRX is supported in Light Connection

	NB-IoT UE Identity Index value
	YES
	RAN2 has agreed to UE IMSI mode x for PF/PO calculation


In addition to the parameters discussion above, if paging area including Cells list or PA id list, the cell list or PA id list is also needed to include in X2 PAGING message, which is pending to RAN2 discussion.
Proposal 3: at least include UE Identity Index value, UE Paging Identity, Paging DRX, UE Radio Capability for Paging, Assistance Data for Paging, and Cell list or PA id list (pending to RAN2) in X2 PAGING message.
Considering of these parameters, the UE index value and Paging DRX are transferred to eNB in S1 PAGING message, it is needed to provide these messages to be stored at eNB, and to be used for subsequent RAN based paging if any. From our view, the S1AP Initial Context Setup, UE Context Modification, Path Switch and Handover preparation procedures can be used to provide these parameters form MME to eNB for RAN initiated paging. 
Proposal 3a: to support X2 paging, introduce UE index value and Paging DRX (pending to RAN2) in S1AP: INITIAL CONTEXT SETUP REQUEST, UE CONTEXT MODIFICATION REQUEST, HANDOVER REQUEST and PATH SWITCH REQUEST ACKNOWLEDGE messages.
2.4   Open Issue 4: UE connects and no X2 available

From our view, it is beneficial to support S1 context fetch, which can help to reduce the signalling over Uu and backhaul especially when the UE moves out of the RAN based paging area. The details are analysed in R3-162759 [3].

Proposal 4: introduce S1 context fetch, to reduce the signalling over Uu and backhaul especially when the UE moves out of the RAN based paging area.

2.5   Open Issue 5:  eNB handling of unreachable UE in case of RAN paging failure

In case of RAN based paging failure, in order to inform the MME about “UE unreachable”, after the, the eNB needs to send a NAS NON DELIVERY INDICATION message  to the MME and trigger S1 UE context release procedure with an appropriate cause value, e.g. “Radio Connection With UE Lost”. To ensure this, it is better to capture this as Unsuccessful Operation for RAN based paging in the specification.
Proposal 5: capture the Unsuccessful Operation for RAN based paging, to ensure that the MME is aware of whether the UE is unreachable.
2.6   Open Issue 6: Which node to decide the suspension

When the light connected UE moves to a new eNB, if the network would like to suspend the UE, there was no agreement on which node to decide the suspension, the new eNB or the old eNB? Note that existing standard allows the new eNB to first get the UE context from the old eNB, and then the new eNB decide to suspend the UE or not by itself.
There was one LS sent out for this open issue in [2] to RAN2 and SA3, further input from these groups are needed.
Proposal 6: further input from RAN2 and SA3 is needed, before the discussion on which node to decide the suspension.
2.7   Open Issue 7: How to support CP signalling in Light connection

In case the UE is in light connection, upon receiving NAS PDU from MME, the eNB will trigger RAN paging, if the UE access from a neighbour eNB, upon receiving the UE context retrieval request, the old eNB could send the NAS PDU back to the MME via NAS NON DELIVERY INDICATION message, with the cause “X2 Handover triggered” or a new cause value, e.g. “mobility in light connection triggered”, and MME can resend to the new eNB after path switch.
Observation 1: NAS NON DELIVERY INDICATION message with the cause “X2 Handover triggered” or a new cause value, e.g. “mobility in light connection triggered” could be used, to handle the NAS PDU in case the UE access from a new eNB.
For the class1 procedures, as analysed in Annex section, the procedures related to light connection include E-RAB Setup, E-RAB Modify, E-RAB Release, UE Context Modification and UE Context Release procedures, the correspondingly old eNB handling could be:

	Elementary Procedure
	Initiating Message
	Successful Outcome
	Unsuccessful Outcome
	How to handle the Class1 signalling by the old eNB, in case the UE response the paging to a new eNB

	
	
	Response message
	Response message
	

	E-RAB Setup
	E-RAB SETUP REQUEST
	E-RAB SETUP RESPONSE
	
	Reply E-RAB SETUP RESPONSE message with E-RAB Failed to Setup List

	E-RAB Modify
	E-RAB MODIFY REQUEST
	E-RAB MODIFY RESPONSE
	
	Reply E-RAB MODIFY RESPONSE message with E-RAB Failed to Modify List 

	E-RAB Release
	E-RAB RELEASE COMMAND
	E-RAB RELEASE RESPONSE
	
	Reply E-RAB RELEASE RESPONSE with E-RAB Failed to Release List 

	UE Context Modification
	UE CONTEXT MODIFICATION REQUEST
	UE CONTEXT MODIFICATION RESPONSE
	UE CONTEXT MODIFICATION FAILURE
	Reply UE CONTEXT MODIFICATION FAILURE with cause “X2 Handover triggered” or a new cause value, e.g. “mobility in light connection triggered”

	UE Context Release
	UE CONTEXT RELEASE COMMAND
	UE CONTEXT RELEASE COMPLETE
	
	Send Error indication with cause “X2 Handover triggered” or a new cause value, e.g. “mobility in light connection triggered”


Observation 2: the Class1 procedures may be handled by implementation, further optimization may be needed, e.g. introduce a new cause value, e.g. “mobility in light connection triggered”.
Proposal 7: CP signalling may be handled by implementation, further optimization may be needed, e.g. introduce a new cause value, e.g. “mobility in light connection triggered”.
2.8   Open Issue 8: Possible Legacy functionality impact needs to be discussed if confirmed
CSFB

For a UE in lightly connected state, when receiving the Paging Request from the MSC, the MME responses to the MSC before the UE is actually paged due to that the lightly connected UE is seen as in ECM CONNECTED mode by the MME. So the MSC will send Alerting to the MO UE who originates the Call. If the RAN initiated paging fails in the end, the MO UE will think the called user does not answer the call while actually the called user didn’t received the call. This failure may occur in the scenario where the UE is in poor radio environment temporarily or the UE is shut down without notifying to network.
Noted that this misunderstanding is originated from the fact that the MME responses the paging before receives Extended Service Request from UE. Even if the UE is in RRC CONNECTED mode, it is also possible that a UE cannot be reached by eNB when the eNB is requested by the MME to deliver the NAS message for CS fallback, for example, the UE is in poor radio environment temporarily.
Therefore, this misunderstanding not only exist in light connection, but also exist in current system, further optimization may be needed, but in low priority in this WI.

Observation 3: The misunderstanding in CSFB not only exist in light connection, but also exist in current system.
PSM

The MME and the UE starts Active timer for PSM mode after transitioning from ECM-CONNECTED to ECM_IDLE. In Light Connection, the network will not start Active timer for PSM since the S1 of the UE is kept and active and the network is in ECM-CONNECTED. Therefore, the network will not enter PSM mode, to keep consistent with network the UE shall not start Active timer for PSM also.

Observation 4: The UE and the MME will not enter PSM mode in Light Connection.
eDRX 

Similar as PSM, the network will not enter eDRX mode as the network is in ECM-CONNECTED in Light Connection, therefore the UE shall not start eDRX also. 

Observation 5: The UE and the MME will not enter eDRX mode in Light Connection.
MME Load balance

The MME load balance is performed by initiating the S1 UE context Release procedure with release cause "load balancing TAU required". The eNB will send RRC Connection Release to UE with "load balancing TAU required". 

Upon receiving the DL signalling, the anchor eNB will trigger paging, if the UE access from the anchor eNB’s cell, the DL signalling could be transferred to UE by anchor eNB If the UE access from a new eNB, as discussed in section 2.7, the MME could trigger the UE context release procedure towards the new eNB and the new eNB could send RRC Connection Release to UE with "load balancing TAU required. 

Observation 6: the MME load balance could be performed for lightly connected UE without extra standard impact.
Proposal 8: no further standard effort needed for open issue 8.
2.9   Open Issue 9: MME awareness of whether the UE is in Light Connection or not

As the S1 connection of the UE is active, in case the PSM and eDRX are not supported in light connected mode, there is no need for the MME to be aware of whether the UE is in Light Connection or not.
Proposal 9: MME is not aware of whether the UE is in Light Connection or not.
3   Conclusion and proposals
Based on the discussion, we propose RAN3 to agree the following proposals for each open issue:
Open Issue 1: Paging Area of the UE in light connection

Proposal 1: RAN paging area is configured by the RAN, it could be a list of Cell s or a list of PA ids which is pending to RAN2.
Open Issue 2: X2 context fetch supporting

Proposal 2: to support X2 context fetch, add Data forwarding indication in RETRIEVE UE CONTEXT RESPONSE message, and introduce a new class2 message to carry forwarding GTP Tunnel info from the new eNB to the old eNB.
Open Issue 3: Content of X2 PAGING message

Proposal 3: at least include UE Identity Index value, UE Paging Identity, Paging DRX, UE Radio Capability for Paging, Assistance Data for Paging, and Cell list or PA id list (pending to RAN2) in X2 PAGING message.

Proposal 3a: to support X2 paging, introduce UE index value and Paging DRX (pending to RAN2) in S1AP: in INITIAL CONTEXT SETUP REQUEST, UE CONTEXT MODIFICATION REQUEST, HANDOVER REQUEST and PATH SWITCH REQUEST ACKNOWLEDGE messages.
Open Issue 4: UE connects and no X2 available

Proposal 4: introduce S1 context fetch, to reduce the signalling over Uu and backhaul especially when the UE moves out of the RAN based paging area.

Open Issue 5:  eNB handling of unreachable UE in case of RAN paging failure

Proposal 5: capture the Unsuccessful Operation for RAN based paging, to ensure that the MME is aware of whether the UE is unreachable.
Open Issue 6: Which node to decide the suspension

Proposal 6: further input from RAN2 and SA3 is needed, before the discussion on which node to decide the suspension.

Open Issue 7: How to support CP signalling in Light connection
Proposal 7: CP signalling may be handled by implementation, further optimization may be needed, e.g. introduce a new cause value, e.g. “mobility in light connection triggered”.
Open Issue 8: Possible Legacy functionality impact needs to be discussed if confirmed

Proposal 8: no further standard effort needed for open issue 8.

Open Issue 9: MME awareness of whether the UE is in Light Connection or not

Proposal 9: MME is not aware of whether the UE is in Light Connection or not.

Based on these proposals, it is proposed to endorsed the CR in [4], [5] and [6] as baseline for stage2, X2AP and S1AP. 
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5   Annex_Class1 signalling handling for open issue 7:

Table 1: Class 1 procedures

	Elementary Procedure
	Initiating Message
	Successful Outcome
	Unsuccessful Outcome
	How to handle the Class1 signalling by the old eNB, in case the UE response the paging to a new eNB

	
	
	Response message
	Response message
	

	Handover Preparation
	HANDOVER REQUIRED
	HANDOVER COMMAND
	HANDOVER PREPARATION FAILURE
	Not related

	Handover Resource Allocation
	HANDOVER REQUEST
	HANDOVER REQUEST ACKNOWLEDGE
	HANDOVER FAILURE
	Not related

	Path Switch Request
	PATH SWITCH REQUEST
	PATH SWITCH REQUEST ACKNOWLEDGE
	PATH SWITCH REQUEST FAILURE
	Not related

	Handover Cancellation
	HANDOVER CANCEL
	HANDOVER CANCEL ACKNOWLEDGE
	
	Not related

	E-RAB Setup
	E-RAB SETUP REQUEST
	E-RAB SETUP RESPONSE
	
	Reply E-RAB SETUP RESPONSE message with E-RAB Failed to Setup List

	E-RAB Modify
	E-RAB MODIFY REQUEST
	E-RAB MODIFY RESPONSE
	
	Reply E-RAB MODIFY RESPONSE message with E-RAB Failed to Modify List 

	E-RAB Modification Indication
	E-RAB MODIFICATION INDICATION
	E-RAB MODIFICATION CONFIRM
	
	Not related

	E-RAB Release
	E-RAB RELEASE COMMAND
	E-RAB RELEASE RESPONSE
	
	Reply E-RAB RELEASE RESPONSE with E-RAB Failed to Release List 

	Initial Context Setup
	INITIAL CONTEXT SETUP REQUEST
	INITIAL CONTEXT SETUP RESPONSE
	INITIAL CONTEXT SETUP FAILURE
	Not related

	Reset
	RESET
	RESET ACKNOWLEDGE
	
	Not related

	S1 Setup
	S1 SETUP REQUEST
	S1 SETUP RESPONSE
	S1 SETUP FAILURE
	Not related

	UE Context Release
	UE CONTEXT RELEASE COMMAND
	UE CONTEXT RELEASE COMPLETE
	
	Error indication with cause “X2 Handover triggered”

	UE Context Modification
	UE CONTEXT MODIFICATION REQUEST
	UE CONTEXT MODIFICATION RESPONSE
	UE CONTEXT MODIFICATION FAILURE
	Reply UE CONTEXT MODIFICATION FAILURE with cause “X2 Handover triggered”

	eNB Configuration Update
	ENB CONFIGURATION UPDATE
	ENB CONFIGURATION UPDATE ACKNOWLEDGE
	ENB CONFIGURATION UPDATE FAILURE
	Not related

	MME Configuration Update
	MME CONFIGURATION UPDATE
	MME CONFIGURAION UPDATE ACKNOWLEDGE
	MME CONFIGURATION UPDATE FAILURE
	Not related

	Write-Replace Warning 
	WRITE-REPLACE WARNING REQUEST
	WRITE-REPLACE WARNING RESPONSE
	
	Not related

	Kill
	KILL REQUEST
	KILL RESPONSE
	
	Not related

	UE Radio Capability Match
	UE RADIO CAPABILITY MATCH REQUEST
	UE RADIO CAPABILITY MATCH RESPONSE
	
	Not related

	UE Context Modification Indication
	UE CONTEXT MODIFICATION INDICATION
	UE CONTEXT MODIFICATION CONFIRM
	
	Not related

	UE Context Suspend
	UE CONTEXT SUSPEND REQUEST
	UE CONTEXT SUSPEND RESPONSE
	
	Not related

	UE Context Resume
	UE CONTEXT RESUME REQUEST
	UE CONTEXT RESUME RESPONSE
	UE CONTEXT RESUME FAILURE
	Not related
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