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1
Proposal
This document proposes solutions to the following issues from TR 23.723:

- Issue #2: UE mobility to 2G/3G and ISR
- Issue #4a: Handling of Paging Priority indication for Light Connection
- Issue #4b: Handling of Paging Policy Differentiation for Light Connection
- Issue #7: Handling of MT CSFB/SMS
- Issue #9: Support of eDRX and PSM
- Issue #10: X2 not available, potential need for S1 context fetch
- Issue #11: Handling of NAS messages at inter eNB handover
- Issue #12: CN impacts of successful intra-LTE Light Connected mobility
- Issue #14: How RAN can ensure that the negotiated NAS DRX is respected
- Issue #16: How to address mismatch of UE and Network states (UE in ECM-IDLE, CN considers the UE in ECM-CONNECTED)
- Issue #22: UE and network behaviours when moving in LC to a cell for which the eNB does not support LC
- Issue #23: How to provide CN assistance to RAN for Light RRC Connection activation
- Issue #24: MME needs to provide IMSI mod x to eNB to use for RAN paging
- Issue #19: How to ensure a RAN paging area across TAs and how to ensure same S-GW is used
- Issue #21: UE Location accuracy and age of location
- Issue #25: How HSS can retrieve the UE’s cell ID and ‘age of location information’ with the Insert Subscriber Data
- Issue #26: Excess Signalling and UE power consumption due to frequent UE mobility across RAN based paging area borders
#################### START CHANGE IN TR 23.7de #########################
2
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#################### NEXT CHANGE IN TR 23.7de #########################
6
Solutions 

Editor’s note: This clause will contain a list of potential solutions to the identified issues. Solutions that address more than one issue are encouraged.
6.a
Solution #a: UE mobility to 2G/3G and ISR.
Editor’s note: This clause contains a solution to one or more issues described in clause 5.
6.a.1
Description

Editor's note: Include the issues addressed by the solution. Describe the solution. Sub-clause(s) may be added to capture details, procedural flow etc.

This solution solves the issue identified in clause 5.2 as issue #2: UE mobility to 2G/3G and ISR. 
The solution is:

If a UE in ECM-CONNECTED with light RRC connection performs cell selection to GERAN/UTRAN, it shall enter PMM-IDLE state or GPRS STANDBY state, deactivate ISR if it was activated by setting its TIN to "P-TMSI", and follow idle mode procedures.
This text needs to be captured in TS 23.401 [3].
Also this approach is reflected in RAN2 CRs: 

- In 36.331 CR on R2-1702421[A.2]:

Upon selecting to an inter-RAT cell, the UE shall:

1>
perform the actions upon leaving RRC_CONNECTED as specified in 6.3.12, with release cause 'other';

- In 36.304 CR on R2-1702422 [A.3]

For UEs in light RRC connection, upon cell reselection to another RAT, UE performs the actions upon leaving RRC_CONNECTED with release cause 'other' as specified in TS 36.331 [3].
6.a.2
Impacts on existing nodes and functionality
Editor's note: Capture impacts on existing 3GPP nodes and Functional elements (e.g. UE, MME, eNB, S-GW, P-GW, etc.).

UE

- 
When in ECM-CONNECTED with light RRC connection performs cell selection to GERAN/UTRAN, it shall enter PMM-IDLE state or GPRS STANDBY state, deactivate ISR if it was activated by setting its TIN to "P-TMSI", and follow idle mode procedures.
6.a.3
Solution Evaluation

Editor's note: Use this clause for evaluation at solution level.
The solution has only UE impacts and no CN impacts. There is no extra signalling caused by the UE behaviour.

6.b
Solution #b: Handling Paging Priority

Editor’s note: This clause contains a solution to one or more issues described in clause 5.
6.b.1
Description

Editor's note: Include the issues addressed by the solution. Describe the solution. Sub-clause(s) may be added to capture details, procedural flow etc.

This solution solves the issue 4a and 4b in clause 5.4. 

For Paging Priority Indication the following is defined in TS 23.401 [3]: 

Paging priority indication is included only:

-
if the MME receives a Downlink Data Notification or Create Bearer Request with an ARP priority level associated with MPS or other priority services, as configured by the operator.

-
One Paging Priority level can be used for multiple ARP priority level values. The mapping of ARP priority level values to Paging Priority level (or levels) is configured by operator policy.


During a congestion situation the eNodeB may prioritise the paging of UEs according to the Paging Priority indications.

This effectively conveys the priority of MT traffic (e.g. MPS) based on ARP that when the UE is in ECM-IDLE the RAN is not aware of. When in Light RRC Connection the UE is in ECM-CONNECTED and therefore eNB knows the ARP of particular EPS bearers based on the EPS QoS information that applies to the bearer. So if necessary it can apply same/similar policy that it would associated with Paging Priority Indication provided in S1 Paging message. 
It was also discussed during SA2#118BIS that Paging Policy Differentiation (PPD) is performed on a per APN basis. To have a similar functionality in the RAN, it is proposed to include a 1 bit indication on a per-RAB basis of whether paging prioritization applies for that RAB.

For PPD, it is proposed to add 1-bit flag in Light RRC Connection Assistance Information IE in the S1-AP Initial Context Setup, UE Context Modification and/or Handover Request message
The Light RRC Connection Assistance Information IE includes: 

- per-RAB indication whether paging prioritization applies to the RAB
If the bit is set for the RAB, E-UTRAN has to be configured to apply different Paging Policies for certain DSCP values. Since the UE is in ECM_CONNECTED the packets in the RAB will be marked with specific DSCP values indicating the intended paging policy in RAN.

6.b.2
Impacts on existing nodes and functionality
Editor's note: Capture impacts on existing 3GPP nodes and Functional elements (e.g. UE, MME, eNB, S-GW, P-GW, etc.).

MME

- For PPD, include per-RAB indication whether paging prioritization applies to the RAB in Light RRC Connection Assistance IE

E-UTRAN

- For PPD: 
- Is configured with paging policies per DSCP value

- Apply paging policy for RAB indicating paging prioritisation in Light RRC Connection Assistance IE
- 
To apply paging policies similar to those associated with Paging Priority Indication (PPI), ARP value of the EPS bearer corresponding to the DL traffic
6.b.3
Solution Evaluation

Editor's note: Use this clause for evaluation at solution level.
For issue #4a: With this solution similar paging policies to those associated with PPI, and ARP value of the EPS bearer corresponding to the DL traffic can be configured in RAN. 
For issue #4b: If MME include per-RAB indication whether paging prioritization applies to the RAB in Light RRC Connection Assistance IE, RAN can be configured with paging policies per DSCP value and apply paging policy for RAB indicating paging prioritisation in Light RRC Connection Assistance
6.c
Solution #c: Handling of MT CSFB/SMS
Editor’s note: This clause contains a solution to one or more issues described in clause 5.
6.c.1
Description

Editor's note: Include the issues addressed by the solution. Describe the solution. Sub-clause(s) may be added to capture details, procedural flow etc.

This solution solves the issue 7 in clause 5.7: Handling of MT CSFB/SMS.
This solution covers the first option since it has impacts in TS 23.272 [x] in MT call procedures: 

If the MME has included the "Light RRC Connection Assistance Information" IE to the eNodeB as specified in TS 23.401 [3], the MME shall not immediately send the SGs Service Request message to the MSC, and instead wait until receiving the NAS message from the UE.
In case of persistent RAN paging failure, based on local configuration:
-
if eNB has any pending NAS PDUs for transmission, the eNB sends NAS NON DELIVERY NOTIFICATION to CN and releases the S1 connection, as described in solution 6.f. For MT SMS, in that case the VLR or the MME will trigger to set required waiting flags and the existing unsuccessful MT-SMS transfer specified in TS 23.272 [2] (e.g. sub 8.2.5c and C.6) can apply.
-
if eNB has no pending NAS PDUs for transmission, the eNB silently discards the buffered data. No notification is sent to the CN.
6.c.2
Impacts on existing nodes and functionality
Editor's note: Capture impacts on existing 3GPP nodes and Functional elements (e.g. UE, MME, eNB, S-GW, P-GW, etc.).

MME

- MME waits until receives UE response before sending indication over SGs to MSC in case UE supports Light Connection.
6.c.3
Solution Evaluation

Editor's note: Use this clause for evaluation at solution level.
With this solution CSFB for voice and SMS can be used and avoid MSC will end up triggering Call Forwarding on No Reply (CFNRy) instead of Call Forwarding on Mobile Subscriber Not Reachable (CFNRc).
With this solution when Light RRC Connection is enabled in E-UTRAN, the CSFB MT call setup time will be equivalent to when the UE is in ECM-IDLE since the MME needs to wait for the UE send ESR before sending SGs Service Request message to the MSC.

6.d
Solution #d: No support of eDRX and PSM, with Light Connection

Editor’s note: This clause contains a solution to one or more issues described in clause 5.
6.d.1
Description

Editor's note: Include the issues addressed by the solution. Describe the solution. Sub-clause(s) may be added to capture details, procedural flow etc.

This solution solves the issue 9 in clause 5.9: Support of eDRX and PSM.
If the UE supports Light Connection, the UE shall indicate this in the UE Network Capability IE during the Attach and Tracking Area Update Procedure.
The MME decides whether to enable or not enable the Light RRC Connection feature based on UE Light Connection capability, local policy, roaming agreement with HPLMN in case of roaming UEs. The MME shall not enable the Light RRC Connection feature if it has enabled extended idle mode DRX or Power Saving Mode for a UE, meaning it shall not send "Light RRC Connection Assistance Information IE" to E-UTRAN. 

6.d.2
Impacts on existing nodes and functionality
Editor's note: Capture impacts on existing 3GPP nodes and Functional elements (e.g. UE, MME, eNB, S-GW, P-GW, etc.).

UE

-  shall indicate this in the UE Network Capability IE during the Attach and Tracking Area Update Procedure.
MME

- shall not enable the Light RRC Connection feature if it has enabled extended idle mode DRX or Power Saving Mode for a UE, meaning it shall not send "Light RRC Connection Assistance Information IE" to E-UTRAN.
6.d.3
Solution Evaluation

Editor's note: Use this clause for evaluation at solution level.
The solution disables use of PSM and eDRX when the UE indicate support for Light Connection, in the UE Network Capability IE during the Attach and Tracking Area Update Procedure.
6.e
Solution #e: No support for S1 context fetch

Editor’s note: This clause contains a solution to one or more issues described in clause 5.
6.e.1
Description

Editor's note: Include the issues addressed by the solution. Describe the solution. Sub-clause(s) may be added to capture details, procedural flow etc.

This solution solves the issue 10 in clause 5.10: X2 not available, potential need for S1 context fetch.
In RAN3 (see RP-170845 [z]) and SA2#118bis no consensus could be reached. It is proposed to not standardise S1 context fetch in this release of the specification.
As defined in clause 6.j the TA-list is provided to eNB and therefore the eNB can configure paging areas that do not span across the TA-list.
6.e.2
Impacts on existing nodes and functionality
Editor's note: Capture impacts on existing 3GPP nodes and Functional elements (e.g. UE, MME, eNB, S-GW, P-GW, etc.).

None.

6.e.3
Solution Evaluation

Editor's note: Use this clause for evaluation at solution level.
No support for UE context fetch if there is no X2 connection between the cells. RAN paging area covers only cells that there is X2 connection. RAN paging areas should not stretch across eNBs that are not connected via X2.
6.f
Solution #f: Handling of NAS messages at inter eNB handover
Editor’s note: This clause contains a solution to one or more issues described in clause 5.
6.f.1
Description

Editor's note: Include the issues addressed by the solution. Describe the solution. Sub-clause(s) may be added to capture details, procedural flow etc.

This solution solves the issue 11 in clause 5.11: Handling of NAS messages at inter eNB handover. 

In RP-170845 [z] it is mentioned: 

(1) On RAN Paging Failure handling:

· In case of RAN Paging Failure, the data will be discard, the non-delivered NAS PDU will be sent back to MME via NAS NON DELIEVER INDICATION message.

· Include "Radio Connection With UE Lost” in the text of the cause values in S1 UE Context Release Request message.

This solution has no impacts in SA2 specifications.
6.f.2
Impacts on existing nodes and functionality
Editor's note: Capture impacts on existing 3GPP nodes and Functional elements (e.g. UE, MME, eNB, S-GW, P-GW, etc.).

None.

6.f.3
Solution Evaluation

Editor's note: Use this clause for evaluation at solution level.
The solution has no impacts.

6.g
Solution #g: Successful intra-LTE Light Connected mobility handling at CN.
Editor’s note: This clause contains a solution to one or more issues described in clause 5.
6.g.1
Description

Editor's note: Include the issues addressed by the solution. Describe the solution. Sub-clause(s) may be added to capture details, procedural flow etc.

This solution solves the issue 12 in clause 5.12: CN impacts of successful intra-LTE Light Connected mobility.
The procedures in clause 5.5.1.1.2 and 5.5.1.1.3 in TS 23.401 [3] are also used when a UE which had previously been moved to ECM-CONNECTED with Light RRC connection state by a source eNodeB, performs successful RRC resume procedure as defined in TS 36.300 [5] in a target eNodeB, and the Serving GW is unchanged
6.g.2
Impacts on existing nodes and functionality
Editor's note: Capture impacts on existing 3GPP nodes and Functional elements (e.g. UE, MME, eNB, S-GW, P-GW, etc.).

E-UTRAN

- X2 like handover procedure towards the CN for UE in Light RRC Connection

6.g.3
Solution Evaluation

Editor's note: Use this clause for evaluation at solution level.
X2 like handover procedure towards the CN for UE in Light RRC Connection needs to be defined.

No CN impacts.

6.h
Solution #h: RAN needs to ensure that the negotiated NAS DRX is respected
Editor’s note: This clause contains a solution to one or more issues described in clause 5.
6.h.1
Description

Editor's note: Include the issues addressed by the solution. Describe the solution. Sub-clause(s) may be added to capture details, procedural flow etc.

This solution solves the issue 14 in clause 5.14: How RAN can ensure that the negotiated NAS DRX is respected.
The Light RRC Connection Assistance Information IE includes: 

-
the UE_ID (i.e. IMSI mod 1024/4096/ 16384) information as described in TS 36.304 clause 7.1,

-
the UE specific DRX parameter
In RP-170845 [z] it is further stated: 

On the RAN-configured DRX cycle
1 The values of the RAN-configured DRX cycle (which is used for the RAN-initiated paging mechanism) are 32, 64, 128, and 256 radio frames. Value 1, 2, 4, 8 and 16 will be considered in future release due to the RAN4 impact.

2 The paging DRX cycle, used by a UE in light RRC connection and for the RAN-initiated paging, should be the shortest of RAN-configured paging DRX cycle, UE specific DRX cycle (if configured by upper layers) and default DRX cycle (which is broadcasted).

6.h.2
Impacts on existing nodes and functionality
Editor's note: Capture impacts on existing 3GPP nodes and Functional elements (e.g. UE, MME, eNB, S-GW, P-GW, etc.).

MME

- sends to RAN UE provided DRX in "Light RRC Connection Assistance Information IE"

E-UTRAN

- for the RAN-initiated paging, should be the shortest of RAN-configured paging DRX cycle, UE specific DRX cycle (if configured by upper layers) and default DRX cycle (which is broadcasted).
6.h.3
Solution Evaluation

Editor's note: Use this clause for evaluation at solution level.
For the RAN-initiated paging, using this procedure the shortest of RAN-configured paging DRX cycle, UE specific DRX cycle and default DRX cycle is used.
RAN is informed for the UE provided DRX.
6.i
Solution #i: Triggers for UE NAS recovery

Editor’s note: This clause contains a solution to one or more issues described in clause 5.
6.i.1
Description

Editor's note: Include the issues addressed by the solution. Describe the solution. Sub-clause(s) may be added to capture details, procedural flow etc.

This solution solves the issue 16 and 22 in clause 5. 

In addition, a UE in ECM-CONNECTED with Light RRC connection shall enter idle mode and follow NAS recovery procedure as defined in TS 24.301 [w] in the following cases:

-
If the UE camps on a cell that does not indicate support for Light RRC Connection;

-
If RRC resume procedure fails,

-
If the UE receives paging from CN (with S-TMSI or IMSI),

-
in any other failure scenario that cannot be resolved in ECM-CONNECTED with light RRC connection and requires the UE to move to EMC-IDLE mode.

RP-170845 [z] further states: 

· RAN initiated paging mechanism:

· The RAN initiated paging uses resume ID.

· A UE in light RRC connection monitors both Resume ID and CN paging ID (i.e. S-TMSI or IMSI).

· UE uses the shortest of the configured DRX cycles.

6.i.2
Impacts on existing nodes and functionality
Editor's note: Capture impacts on existing 3GPP nodes and Functional elements (e.g. UE, MME, eNB, S-GW, P-GW, etc.).

UE

- shall enter idle mode and follow NAS recovery procedure as defined in TS 24.301 [w] in the following cases:

-
If the UE camps on a cell that does not indicate support for Light RRC Connection;

-
If RRC resume procedure fails,

-
If the UE receives paging from CN (with S-TMSI or IMSI),

-
in any other failure scenario that cannot be resolved in ECM-CONNECTED with light RRC onnection and requires the UE to move to EMC-IDLE mode.

6.i.3
Solution Evaluation

Editor's note: Use this clause for evaluation at solution level.
New triggers for UE to enter IDLE mode and perform NAS recovery are defined.

No CN impacts.

6.j
Solution #j: CN assistance for Light Connection

Editor’s note: This clause contains a solution to one or more issues described in clause 5.
6.j.1
Description

Editor's note: Include the issues addressed by the solution. Describe the solution. Sub-clause(s) may be added to capture details, procedural flow etc.

This solution solves the issue 23, 24 and 19 in clause 5. 

If the MME decides to enable Light RRC Connection feature, the MME shall indicate to the eNodeB that it has enabled the light RRC connection feature by including a Light RRC Connection Assistance Information IE in the S1-AP Initial Context Setup, UE Context Modification and/or Handover Request message. The Light RRC Connection Assistance Information IE includes: 

-
the UE_ID (i.e. IMSI mod 1024/4096/ 16384) information as described in TS 36.304 clause 7.1,

-
the UE specific DRX parameter,
-
the TAI list provided to the UE, and

-
a per-RAB indication whether paging prioritization applies to the RAB.

If the Light RRC Connection Assistance information IE has not been received, then the eNodeB shall not move a UE to ECM-CONNECTED with light RRC connection.
MME also needs to inform RAN using UE Context Modification if any of aforementioned parameters (e.g. TAI-list) change, for example when the UE performs TAU and a new TAI-list is allocated.
6.j.2
Impacts on existing nodes and functionality
Editor's note: Capture impacts on existing 3GPP nodes and Functional elements (e.g. UE, MME, eNB, S-GW, P-GW, etc.).

MME

- sends to RAN UE provided DRX in "Light RRC Connection Assistance Information IE"
- informs RAN using UE Context Modification if any of "Light RRC Connection Assistance Information IE" parameters change, for example when the UE performs TAU and a new TAI-list is allocated.

E-UTRAN

- uses the parameters included in "Light RRC Connection Assistance Information IE" to calculate the UE PO, determine the DRX, configure the paging area and determine the paging policy.
- use the TA-list provided to tailor the RAN paging area
6.j.3
Solution Evaluation

Impacts MME and E-UTRAN.
Allows MME to enable Light RRC Connection feature based on local policy.
6.k
Solution #k: Impacts on location information and age of location
Editor’s note: This clause contains a solution to one or more issues described in clause 5.
6.k.1
Description

Editor's note: Include the issues addressed by the solution. Describe the solution. Sub-clause(s) may be added to capture details, procedural flow etc.

This solution solves the issue 21 and 25 in clause 5. 

S3i170035 [zz] which is the response from SA3-L1 states: 

"SA3-LI had an initial discussion to consider the potential implication for LI in terms of location information and would provide as feedback that location information to be reported for LI purposes shall have the same level of granularity known to the Core Network. 

It is SA3-LI understanding that location information provided in the LI events in case of light connection will not differ from the one currently reported.

From LI perspective, if in case of light connection the location information reported when LI events occur cannot be considered as updated, SA3-LI would recommend that location information is reported together with the time the location was obtained."

In order to meet these requirements: 
- E-UTRAN should perform location reporting only when it knows UE location with cell granularity. This means:

- when the MME sends a Location Reporting Control message to eNB with the reporting type indicating single stand-alone report, if the UE is in Light RRC Connection state the eNB will have to perform RAN paging in order to bring UE in RRC_CONNECTED state, before reporting the location to MME.
- when the MME sends a Location Reporting Control message to eNB with the reporting type indicating reporting whenever the UE changes cell, the eNB reports the UE location to MME (if cell change has occurred) only when UE is in RRC_CONNECTED state.

- MME should include the time when the location was obtained when reporting to the LI platform.
6.k.2
Impacts on existing nodes and functionality
Editor's note: Capture impacts on existing 3GPP nodes and Functional elements (e.g. UE, MME, eNB, S-GW, P-GW, etc.).

- E-UTRAN 
-
should perform location reporting only when it knows UE location with cell granularity. This means:
- when the MME sends a Location Reporting Control message to eNB with the reporting type indicating single stand-alone report, if the UE is in Light RRC Connection state the eNB will have to perform RAN paging in order to bring UE in RRC_CONNECTED state, before reporting the location to MME.

- when the MME sends a Location Reporting Control message to eNB with the reporting type indicating reporting whenever the UE changes cell, the eNB reports the UE location to MME (if cell change has occurred) only when UE is in RRC_CONNECTED state.

- MME 
- should include the time when the location was obtained when reporting to the LI platform.
- Whenever the MME knows the change of the UE location with cell granularity (e.g. UL NAS message transfer) it needs to record the time
6.k.3
Solution Evaluation

Editor's note: Use this clause for evaluation at solution level.
Impacts E-UTRAN and MME.
Allows RAN to send UEs with cell granularity to CN even when the UE is in Light RRC Connection 
6.l
Solution #l: RAN choice put the UE in Light RRC Connected state based on local policy
Editor’s note: This clause contains a solution to one or more issues described in clause 5.
6.l.1
Description

Editor's note: Include the issues addressed by the solution. Describe the solution. Sub-clause(s) may be added to capture details, procedural flow etc.

This solution solves issue 26 in clause 5. 

As indicated in solution #j and #e RAN receives from CN assistance information for Light Connection and is aware of availability of X2 connectivity in the area. In addition RAN influenced by CN Assistance information as provided and defined clause 4.3.21.3 of TS 23.401 [3] or UE history information collected locally in RAN e.g. mobility pattern of the UE can decide whether to put the UE in Light RRC Connected state and allocate appropriately Paging Area in the UE.
6.l.2
Impacts on existing nodes and functionality
Editor's note: Capture impacts on existing 3GPP nodes and Functional elements (e.g. UE, MME, eNB, S-GW, P-GW, etc.).

Only local policy defined in E-UTRAN.
In summary the local policy in RAN can take into account the following: 

1) The RAN paging area should coincide with X2 availability (as defined in solution e) 

2) The RAN paging area being tailored on per-UE basis (as a collection of cells), the history of UE mobility pattern (e.g. avoid frequent ping pongs) and CN assistance info can be taken account by the eNB to determine to not use Light RRC Connection and use Idle mode instead.

6.l.3
Solution Evaluation

Editor's note: Use this clause for evaluation at solution level.
With appropriate local policy that determines which UEs are supposed to be put in Light RRC Connection and what the Paging Area boundaries will be, excess Signalling and UE power consumption due to frequent UE mobility across RAN based paging area borders can be avoided.
#################### END OF CHANGES #########################
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