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1. Introduction
In RAN3 #93bis and #94 meeting, 10 open issues were identified in [1] for light connection. 5 of the 10 issues are related with core network:
· Issue 5: eNB handling of unreachable UE in case of RAN paging failure

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

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

· Issue 9: MME awareness of whether the UE is in Light Connection or not
· Issue 10: CN Paging Assistance.

SA2 and CT1 had extensive discussion on light connection in previous two meetings too. SA2 identified 25 potential issues in [2] and asked RAN WGs to check category b issues (1, 3, 13, 15, 18, 20) and category f issues (21, 25).
In this paper, we propose solutions and way forward on these CN related issues. 

2.  RAN3 identified issues

1) Issue 5: eNB handling of unreachable UE in case of RAN paging failure
With RAN Paging Area Tracking, RAN paging failure happens mainly in below scenarios:

· UE goes out of coverage

· UE enters new paging registration area and paging arrives before UE completes registration area update
· UE problem, e.g. power off.

Above scenarios are common for RAN paging and CN paging. So, RAN paging reliability is comparable with CN paging reliability. 
Observation 1: RAN paging reliability is comparable with CN paging.

Vodafone raised this issue in R3-162255 [4]. For MT SMS, without suitable handling in RAN, this may lead to “message-waiting” function failure and the SMS never being delivered to the UE. For CSFB, this leads to MSC sends alert to calling part too early.
This is actually not a new issue from core network perspective. In normal connected state of existing LTE network, it may also happen when radio link failure happens and MME sends NAS signalling of MT SMS/CSFB to RAN. S1 release and S1AP NAS non-delivery indication are existing solution for this issue.
Observation 2: The RAN paging failure impacts to MT SMS and CSFB are not new from MME perspective. The existing solution can be used.

Proposal 1: When RAN paging fails, eNB shall send NAS NON DELIVERY INDICATION to MME if there is NAS PDU in buffer, and release the S1 connection.
2) Issue 7: How to support CP signaling in Light connection
This issue is about how RAN processes the S1AP signaling from MME when UE is in light connection, especially when the UE is not in the radio coverage of anchor eNB.
The S1AP signalling from MME can be categorized as below, refer to appendix for detailed classification:

· Cat. A: the signalling which anchor eNB can handle in same way as normal RRC_CONNECTED

· Cat. B: class 1 signalling which eNB can indicate “Handover triggered” in response message

· Cat. C: class 1 signalling which eNB cannot indicate “Handover triggered” in response message

· Cat. D: class 2 signalling

· Cat. E: signalling which is not UE specific or anchor eNB would not receive it for UE in light connection.
Note: as defined by 36.413, class 1 procedure has response message. Class 2 procedure doesn’t have response message.

For Cat. A and Cat E, nothing special is needed for light connection.
For Cat. B, C and D, UE shall be paging first. When paging response is received from anchor eNB, the S1AP signalling can be handled in the same way as normal RRC_CONNECTED. Otherwise (paging response is received from eNB different from anchor eNB), the anchor eNB shall handle the DL signalling as below:

· For Cat. B signalling, reject the message with cause “Handover Triggered”. MME will retry late on after handover (path switch);

· For Cat. C signalling, ignore the message. Late on, MME would re-send the message if need;

· For Cat. D signalling, forward the NAS/LPPa PDU to target eNB.

Proposal 2: When Cat. B, C and D (as defined in section 2.2) message is received from MME, anchor eNB shall initiate RAN paging. If the paging response is received from eNB different from anchor eNB, the anchor eNB shall handle the S1 message as below:

· For Cat. B signalling, reject the message with cause “Handover Triggered”. MME will retry late on after handover (path switch);

· For Cat. C signalling, ignore the message. Late on, MME would re-send the message if need;

· For Cat. D signalling, forward the NAS/LPPa PDU to target eNB.
3) Issue 8: Possible Legacy functionality impact needs to be discussed if confirmed
The legacy functionality which may be impacted by light connection includes:

· Power Saving Mode (PSM), eDRX, High Latency communication

· CSFB

· MME load balancing 

PSM/eDRX/HLC

PSM/eDRX/HLC are features introduced for power saving of low traffic MTC device. For such low traffic MTC device, it is not economic to keep in connected mode. MME can provide indication to eNB to prevent RAN from configuring light connection for the UE.
Proposal 3: PSM, eDRX and HLC are not supported by light connection in R14. MME provides indication to eNB to prevent RAN from configuring light connection for the UE.
MT CSFB/SMS
When MT SMS or CS call is received, MME responds Service Request to MSC immediately when UE is in EMM-CONNECTED state. MSC doesn’t know paging is needed to reach the UE. If the timers in MSC are not long enough and re-paging in RAN happened, the MT CSFB/SMS may fail.
To avoid this issue, MME may decide not to enable light connection for EPS/IMSI combined attached UE. If MSC timer can be tuned for MT CSFB/SMS, MME may allow RAN to configure light connection for EPS/IMSI combined attached UE.

Observation 3: if MSC timer is not tuned and RAN re-paging happens, the MT CSFB/SMS may fail due to timer expiration in MSC.
Observation 4: MT CSFB/SMS impact (if exist) can be avoided by MME disabling light connection for EPS/IMSI combined attached UE.
MME load balancing

MME may initiate UE Context Release with “Load Balancing TAU Required” indicator. This is Cat. C procedure as analysed in issue 7. The UE shall be paged first. If paging response is received from anchor eNB, anchor eNB sends the RRC Connection Release with “Load Balancing TAU Required” to UE. Otherwise (paging response is received from different eNB), anchor eNB shall ignore the message. The MME may re-send the S1 message late on if need.
Observation 5: MME load balancing is handled as proposal 2.
4) Issue 9: MME awareness of whether the UE is in Light Connection or not
Based on above analysis, MME can allow/disallow RAN to configure UE to light connection. But MME need not to know whether RAN configured UE to light connection.
Proposal 4: MME can assist RAN to configure UE to light connection. But MME need not to know whether RAN configured UE to light connection.
5) Issue 10: CN Paging Assistance
One company proposed RAN to request CN to paging the UE in light connection, for following scenarios:

· RAN paging fails

· Anchor eNB has no X2 connection to some eNBs in the RAN paging area.

The first scenario has been addressed in issue 5. The second scenario requires S1 UE context transfer which is not supported by LTE and thought by SA2 as optimization. This scenario doesn’t have benefit comparing with existing IDLE registration/paging procedure.
Proposal 5: CN paging assistance is not supported in R14.

3.  SA2 identified issues with RAN impact

In LS [2], SA2 identified 25 issues and categories the issues as a-f. SA2 requested RAN WGs to check the category f and b issues. We proposed RAN3 way forward in last column of table below.
Table 3‑1: Way Forward on SA2 identified issues.

	Identified SA2 Impact
	CN change required?
	Solution Available?
	Options proposed
	SA2 Way Forward
	RAN3 Way Forward

	1) RAN paging failure, potential CN impact [CT1]
	 Depending on RAN output 
	YES, in RAN
	[HW] RAN performs paging retry, after persistent error releases S1 connection with some indication and sends the NAS PDU to CN.
	RAN performs paging retry, after persistent error and based on local configuration need to release S1 connection and MME locally turns the UE's context to EMM-IDLE, normal reachability follows. Before releasing S1 connection RAN sends NAS NON DELIVERY NOTIFICATION to CN

UE remains in light connected in this scenario

(SA2 expects legacy behaviour from CN)

SA2 does not expect that MME will page the UE as the result of the above

RAN is expected to have a periodic Update procedure that is lesser or equal to the pTAU timer

RAN to decide final solution with SA2 input
	Same as issue 5, see solution for issue 5.

	3) Potential CN impact for extended out of coverage: implicit detach, etc.
	 NO handled in RAN.
	YES, in RAN 
	[QC], [VDF] [IN] [HW]: use of periodic RAN update. Otherwise, release connection, then idle mode timers apply in CN.

This also covers paging reachability monitoring at RAN brought up in [ER]
	RAN is expected to have a periodic Update procedure that is lesser or equal to pTAU timer

RAN to decide final solution
	Periodic Update procedure should be defined.

	13) MME load re-balancing “what does the eNB do when the UE is in light connected state when the MME releases the S1 connection with release cause "load balancing TAU required" since there is no RRC connectivity?” [NK]
	YES
	NO, but can be solved within RAN.
	
	For any NW initiated RRC procedure, the eNB will bring the UE to regular connected by doing RAN paging, and then performing the RRC procedure. 

For RRC connection release, the RAN can page the UE and then provide the RRC connection release message. 

RAN to decide final solution with SA2 input

MME strategy for load balancing is impacted
SA2 to decide
	See solution for issue 7

	15) Mismatch of states: UE in CONNECTED LC and NW in IDLE. [VDF]
	NO
	No, but RAN is solving it.
	
	RAN is considering UE to receive both RAN and CN paging (S-TMSI and IMSI), this solves this mismatch. When UE receives the CN paging it knows it has to move to idle and start idle mode procedures.

RAN to decide final solution with SA2 input
	RAN2 agreed that UE in LC monitors both RAN and CN paging

	18) When using the S-TMSI for RAN paging (e.g. at least to handle the abnormal case of the UE bring in idle state and the network thinking that the UE is in connected state) the RAN will need to be informed when the MME reallocates the S-TMSI of the mobile [VDF]
	YES
	NO
	
	SA2 assumes and prefers RAN paging with Resume ID

RAN paging with S-TMSI has CN impacts that need to be discussed with SA2 (e.g. S-TMSI changing during connected mode TAU)


	RAN2 decided to use Resume-ID for RAN paging.

	20) RAN paging reliability [ER]
	NO
	RAN WGs responsibility.
	
	No impact to SA2 specs

SA2 to provide input to the LS response (i.e. expectation for reliability in RAN paging)
	No reliability issue, see observation 1.

	21) UE Location accuracy when UE is in ECM-CONNECTED Light Connection (ER)
	YES
	NO
	Option 1: We can ask RAN WGs via LS to take into consideration the UE location accuracy, for immediate location eNB can always page the UE, for area event reporting, the eNB can set the RAN paging area to ensure it’s within the area.

Option 2: Disable Light Connection from CN if there is MT-LR to MME
	Inform SA3-LI that Light Connection work is going on and ask what are the expected requirements for location granularity (paging area, actual cell) and age of location.

Inform SA3-LI that Light Connection work is going on

Recommend that MME is modified to put the cell age of the last genuine radio contact.

	No impact to RAN2/RAN3.

MME shall release S1 if the location accuracy is insufficient.


	25) How HSS can retrieve the UE’s cell ID and ‘age of location information’ with the Insert Subscriber Data /Answer [VDF]
	YES
	NO
	If the UE is light connected, the S1AP ‘report directly’ needs the RAN to page the mobile and get the UE information
Handling of the S6a “current location report” Not set, the incorrect Age remains a problem
	See resolution for issue 21
	See above.


Proposal 6: RAN3 to agree table 3-1 way forward for SA2 identified issues.
4. Conclusion 
Based on above discussion, we have following proposals.
Observation 1: RAN paging reliability is comparable with CN paging.

Observation 2: The RAN paging failure impacts to MT SMS and CSFB are not new from MME perspective. The existing solution can be used.

Proposal 1: When RAN paging fails, eNB shall send NAS NON DELIVERY INDICATION to MME if there is NAS PDU in buffer, and release the S1 connection.
Proposal 2: When Cat. B, C and D (as defined in section 2.2) message is received from MME, anchor eNB shall initiate RAN paging. If the paging response is received from eNB different from anchor eNB, the anchor eNB shall handle the S1 message as below:

· For Cat. B signalling, reject the message with cause “Handover Triggered”. MME will retry late on after handover (path switch);

· For Cat. C signalling, ignore the message. Late on, MME would re-send the message if need;

· For Cat. D signalling, forward the NAS/LPPa PDU to target eNB.
Proposal 3: PSM, eDRX and HLC are not supported by light connection in R14. MME provides indication to eNB to prevent RAN from configuring light connection for the UE.
Observation 3: if MSC timer is not tuned and RAN re-paging happens, the MT CSFB/SMS may fail due to timer expiration in MSC.
Observation 4: MT CSFB/SMS impact (if exist) can be avoided by MME disabling light connection for EPS/IMSI combined attached UE.
Observation 5: MME load balancing is handled as proposal 2.
Proposal 4: MME can allow/disallow RAN to configure UE to light connection. But MME need not to know whether RAN configured UE to light connection.

Proposal 5: CN paging assistance is not supported in R14.

Proposal 6: RAN3 to agree table 3-1 way forward for SA2 identified issues.
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6. Appendix
7. Table 1: Class 1 procedures

	Elementary Procedure
	Initiating Message
	Successful Outcome
	Unsuccessful Outcome
	Category

	
	
	Response message
	Response message
	

	Handover Preparation
	HANDOVER REQUIRED
	HANDOVER COMMAND
	HANDOVER PREPARATION FAILURE
	E

	Handover Resource Allocation
	HANDOVER REQUEST
	HANDOVER REQUEST ACKNOWLEDGE
	HANDOVER FAILURE
	A

	Path Switch Request
	PATH SWITCH REQUEST
	PATH SWITCH REQUEST ACKNOWLEDGE
	PATH SWITCH REQUEST FAILURE
	E

	Handover Cancellation
	HANDOVER CANCEL
	HANDOVER CANCEL ACKNOWLEDGE
	
	E

	E-RAB Setup
	E-RAB SETUP REQUEST
	E-RAB SETUP RESPONSE
	
	C

	E-RAB Modify
	E-RAB MODIFY REQUEST
	E-RAB MODIFY RESPONSE
	
	C

	E-RAB Modification Indication
	E-RAB MODIFICATION INDICATION
	E-RAB MODIFICATION CONFIRM
	
	E

	E-RAB Release
	E-RAB RELEASE COMMAND
	E-RAB RELEASE RESPONSE
	
	C

	Initial Context Setup
	INITIAL CONTEXT SETUP REQUEST
	INITIAL CONTEXT SETUP RESPONSE
	INITIAL CONTEXT SETUP FAILURE
	E

	Reset
	RESET
	RESET ACKNOWLEDGE
	
	C

	S1 Setup
	S1 SETUP REQUEST
	S1 SETUP RESPONSE
	S1 SETUP FAILURE
	E

	UE Context Release
	UE CONTEXT RELEASE COMMAND
	UE CONTEXT RELEASE COMPLETE
	
	C

	UE Context Modification
	UE CONTEXT MODIFICATION REQUEST
	UE CONTEXT MODIFICATION RESPONSE
	UE CONTEXT MODIFICATION FAILURE
	B

	eNB Configuration Update
	ENB CONFIGURATION UPDATE
	ENB CONFIGURATION UPDATE ACKNOWLEDGE
	ENB CONFIGURATION UPDATE FAILURE
	E

	MME Configuration Update
	MME CONFIGURATION UPDATE
	MME CONFIGURAION UPDATE ACKNOWLEDGE
	MME CONFIGURATION UPDATE FAILURE
	E

	Write-Replace Warning 
	WRITE-REPLACE WARNING REQUEST
	WRITE-REPLACE WARNING RESPONSE
	
	E

	Kill
	KILL REQUEST
	KILL RESPONSE
	
	E

	UE Radio Capability Match
	UE RADIO CAPABILITY MATCH REQUEST
	UE RADIO CAPABILITY MATCH RESPONSE
	
	E

	UE Context Modification Indication
	UE CONTEXT MODIFICATION INDICATION
	UE CONTEXT MODIFICATION CONFIRM
	
	E

	UE Context Suspend
	UE CONTEXT SUSPEND REQUEST
	UE CONTEXT SUSPEND RESPONSE
	
	E

	UE Context Resume
	UE CONTEXT RESUME REQUEST
	UE CONTEXT RESUME RESPONSE
	UE CONTEXT RESUME FAILURE
	E


8. Table 2: Class 2 procedures

	Elementary Procedure
	Message
	Category

	Handover Notification
	HANDOVER NOTIFY
	E

	E-RAB Release Indication
	E-RAB RELEASE INDICATION
	E

	Paging
	PAGING
	E

	Initial UE Message
	INITIAL UE MESSAGE
	E

	Downlink NAS Transport
	DOWNLINK NAS TRANSPORT
	D

	Uplink NAS Transport
	UPLINK NAS TRANSPORT
	E

	NAS non delivery indication
	NAS NON DELIVERY INDICATION
	E

	Error Indication
	ERROR INDICATION
	E

	UE Context Release Request
	UE CONTEXT RELEASE REQUEST
	E

	DownlinkS1 CDMA2000 Tunnelling
	DOWNLINK S1 CDMA2000 TUNNELLING
	D

	Uplink S1 CDMA2000 Tunnelling
	UPLINK S1 CDMA2000 TUNNELLING
	E

	UE Capability Info Indication
	UE CAPABILITY INFO INDICATION
	E

	eNB Status Transfer
	eNB STATUS TRANSFER
	E

	MME Status Transfer
	MME STATUS TRANSFER
	E

	Deactivate Trace
	DEACTIVATE TRACE
	A

	Trace Start
	TRACE START
	A

	Trace Failure Indication
	TRACE FAILURE INDICATION
	A

	Location Reporting Control
	LOCATION REPORTING CONTROL
	A

	Location Reporting Failure Indication
	LOCATION REPORTING FAILURE INDICATION
	E

	Location Report
	LOCATION REPORT
	E

	Overload Start
	OVERLOAD START
	A

	Overload Stop
	OVERLOAD STOP
	A

	eNB Direct Information Transfer
	eNB DIRECT INFORMATION TRANSFER
	E

	MME Direct Information Transfer
	MME DIRECT INFORMATION TRANSFER
	E

	eNB Configuration Transfer
	eNB CONFIGURATION TRANSFER
	E

	MME Configuration Transfer
	MME CONFIGURATION TRANSFER
	E

	Cell Traffic Trace
	CELL TRAFFIC TRACE
	E

	Downlink UE Associated LPPa Transport
	DOWNLINK UE ASSOCIATED LPPA TRANSPORT
	D

	Uplink UE Associated LPPa Transport
	UPLINK UE ASSOCIATED LPPA TRANSPORT
	E

	Downlink Non UE Associated LPPa Transport
	DOWNLINK NON UE ASSOCIATED LPPA TRANSPORT
	E

	Uplink Non UE Associated LPPa Transport
	UPLINK NON UE ASSOCIATED LPPA TRANSPORT
	E

	PWS Restart Indication
	PWS RESTART INDICATION
	E

	Reroute NAS Request
	REROUTE NAS REQUEST
	E

	PWS Failure Indication
	PWS FAILURE INDICATION
	E

	Connection Establishment Indication
	CONNECTION ESTABLISHMENT INDICATION
	E
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