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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

1
Scope

This document is a study into the system level aspects and impact analysis due to the introduction of a substate of RRC CONNECTED (and ECM-CONNECTED) in the RAN known as Light RRC Connection.

The study will identify suitable solutions that allow the Light RRC Connection feature to be considered complete and deployable from a system level perspective.

The study is expected to produce an evaluation of Light RRC Connection from a system architecture point of view and a conclusion.
2
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For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".

[2]
3GPP TR 23.272: "Circuit Switched (CS) fallback in Evolved Packet System (EPS); Stage 2".
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3GPP TR 23.401: "General Packet Radio Service (GPRS) enhancements for Evolved Universal Terrestrial Radio Access Network (E-UTRAN) access".

[4]
3GPP TR 23.122: "Non-Access-Stratum (NAS) functions related to Mobile Station (MS) in idle mode".

[5]
3GPP TR 22.101: "Service aspects; Service principles".
[6]
3GPP TS 24.301: "Non-Access-Stratum (NAS) protocol for Evolved Packet System (EPS); Stage 3".

[7]
RP-170845: "LTE_ LIGHT_CON Status Report to TSG", Huawei, Intel.

[8]
S3i170035: "Reply LS on SA2 involvement for the light connection", SA3-LI
3
Definitions and Abbreviations
3.1
Definitions

For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].

Light RRC Connection: Substate of RRC_CONNECTED state

3.2
Abbreviations

For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. 
An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].

LC
Light RRC Connection
4
Architectural and Functional Requirements
The introduction of a new sub-state of the ECM-CONNECTED state should not break the support of 3GPP-defined features and stage 1 requirements whether in roaming or non-roaming cases, which are impacted and interact with this new substate. These will be documented in this study in clause 5 (e.g. PLMN selection, ACB, EAB)

Overload control and load control and load balancing shall continue to be supported with the introductions of a new sub-state of the ECM-CONNECTED state.

Transition between User plane CIOT EPS optimisation and a new sub-state of the ECM-CONNECTED state for a UE shall be supported

Connected mode eDRX shall be supported when new sub-state of the ECM-CONNECTED state is introduced in the system.

The packet loss rate and signalling loss rate and signalling load should not increase by the introduction of a new sub-state of the ECM-CONNECTED state.

5
List of Issues
Editor's note: Per SP-170280, the aspects that will be handled by SA2 are at least the following (non-exhaustive list): 

- 
Providing CN assistance information for enablement of Light connection including the NAS negotiated DRX, TA List, IMSI mod. X for RAN initiated paging, per-E-RAB indication whether paging prioritisation applies.

- 
UE mobility handling including intra-LTE mobility and mobility to 2G/3G 
- 
Handling of MT CSFB/SMS when UE is in Light Connection (ensuring that SGs does not cause Light Connection to be disabled by the MME)
-
Paging Priority handling for Light Connection
- 
Relationship with eDRX and PSM.

- 
Reachability management coordination with RAN

- 
Handling of potential state mismatches between the UE and Network
-
UE Location accuracy and "age of location information" when the UE is in ECM-CONNECTED Light Connection
Per SP-170280, the study also includes the following: 

i)
The system impacts of endorsed work in RAN and CT WGs will be evaluated.

ii)
Analysis on the co-existence with existing related functionality (e.g. CIOT EPS User Plane Optimisation) will be provided.

iii)
Alignment with the equivalent functionality already defined in the 5G system (i.e. 5G system-level support for the RRC_Inactive state in the access stratum) will be sought for if time allows.

5.1
Issue #1: RAN paging failure, potential CN impact

Editor's note: Corresponds to issue #1 in S2-170698 [A.1].
From CT1 LS (C1-165447): The paging function is moved down from the MME to the eNB and in case of RAN paging failure, whether MME needs to be involved for the re-paging is unclear, considering there is no paging monitor timer running at the MME. The solution shall determine whether MME needs to be involved for the re-paging. 

In addition, e.g. at RAN paging failure, when paging assistance from the MME is requested by the RAN, whether the data and signalling buffered in the RAN shall be transferred back to the CN and how it is done shall be studied. 

Moreover, the solution shall determine whether S1 should be released when the eNB notifies the MME of a RAN paging failure.

5.2
Issue #2: UE mobility to 2G/3G and ISR

Editor's note: Corresponds to issue #2 in S2-170698 [A.1].
From CT1 LS (C1-165447): The paging function is moved down from the MME to the eNB and in case of ISR is activated, how to make the UE to be paged is unclear, when the UE camps in 2G/3G.

When ISR is active and the UE is in IDLE mode, paging should be performed on both the Routing Area and the list of Tracking Areas the UE is registered to. When Light Connection applies, the UE is in ECM-CONNECTED mode and is paged by the eNB, not by the RNC.

5.3
Issue #3: Potential CN impact for extended out of coverage: implicit detach, etc.

Editor's note: Corresponds to issue #3 in S2-170698 [A.1].
This issue will address the case that UE is out of coverage for a long time and how to synchronize the status between UE and CN and how to perform the implicit detach in CN.
Current LC discussions have indicated a keep-alive surveillance by a RAN timer for UEs in Light Connected state. For a UE that is out of coverage for a long time the RAN timer will expire and the eNB would release the S1 moving the UE state in the CN back to Idle and thereby starting the CN mobile reachability timer. The system behaviour will change with longer clean up times (both RAN and CN timeout). There may be other negative impacts on MME storing UE contexts for out of coverage UEs for longer periods.
5.4a
Issue #4a: Handling of Paging Priority indication for MT CS/PS for Light Connection

Editor's note: Corresponds to issue #4 in S2-170698 [A.1].
Paging Priority from eMLPP

In the case of a MT call from a MPS user via CS domain, the MSC provides the call's eMLPP level to the MME along with the SGs paging message. Then, based on operator configuration, the MME defines which eMLPP level(s) require CSFB high priority call handling, and which paging priority level(s) the MME shall set in the S1 paging message when the UE is in IDLE mode. 

Per TS 23.272 [2] clauses 7.3 and 7.4, when the S1 connection is established, i.e. the UE is CM-Connected mode, the MME reuses the existing connection and sends the NAS CS Service Notification message to the UE encapsulated in a DL NAS Transport message over S1. The eNB will receive this DL NAS Transport without any indication of priority to apply.

Paging priority from MPS

In a similar way, there is currently a mapping in the MME between MPS call types and S1AP paging priority. Such provisioning is typically based on ARP. 

When Light Connection applies, how the eNB is informed of the paging priority level to apply to an eMLPP call or a MPS call needs to be specified.

5.4b
Issue #4b: Handling of Paging Policy Differentiation for MT PS for Light Connection

Editor's note: Corresponds to issue #4 in S2-170698 [A.1].
Paging Policy Differentiation (described in TS 23.401 [3] clause 4.9) that allows the MME, based on operator configuration, to apply different paging strategies for different traffic or service types provided within the same PDN connection. For example, Voice over E-UTRAN calls typically require a more aggressive paging profile (e.g., due to user awareness of the call setup time) than other non-voice over E-UTRAN IMS services using the same IMS signalling bearer.  

When the network supports Paging Policy Differentiation, the type of IMS service is carried by the DSCP of the IP packet (set by the P-CSCF). The SGW passes the information to the MME via a Paging Policy Indicator. Then it is the MME responsibility to apply Paging Strategy according to TS 23.401 [3] clause 4.9: “It shall be possible for the operator to configure the MME in such a way that the Paging Policy Indicator only applies to certain HPLMNs and/or APNs and/or QCIs.” 

When Light Connection applies for a UE, the eNB will be responsible for buffering DL packets, this means that the eNB has to handle the same Paging Policy Differentiation mechanisms as the MME. 

When Light Connection applies, how the eNB can handle different paging policies for different IMS services (e.g. more aggressive paging for voice calls than for non-voice call services) needs to be specified. 

It shall be ensured that paging differentiation is enabled comparable to what the MME based paging differentiation can accomplish e.g. for IMS.
5.4c
Issue #4c: Handling of Paging Priority/Policy Differentiation for MT NAS for Light Connection
All MT NAS messages sent as DL NAS transport (e.g. CS notification in the context of CS fallback) by MME to eNB may require paging when Light Connection is used. The eNB does not know the priority of the NAS message in case paging is required.
5.5
Void

5.6
Issue #6: UE Reachability

Editor's note: Corresponds to issue #6 in S2-170698 [A.1].
From CT1 LS (C1-165447): The UE reachability function is moved down from the MME to the eNB and in case of UE goes out of coverage, how MME to handle this is unclear, considering there is no UE reachable timer and implicit detach timer running at the MME.

The solution shall describe how, after a delivery failure, the MME can notify the applications (possibly 3rd party applications) which have subscribed to UE reachability that the UE became reachable again.

5.7
Issue #7: Handling of MT CSFB/SMS

Editor's note: Corresponds to issue #7 in S2-170698 [A.1].
In existing CSFB MT calls when the UE is in ECM-CONNECTED mode, the MME sends the SGs Service Request message to the MSC before the response from the UE. The SGs Service Request triggers the Alert towards the calling party. The MSC uses this connected mode indication to start the Call Forwarding on No Reply timer for that UE and the MSC should send an indication of user alerting to the calling party.

If nothing is changed in the procedure, there are two issues:

1. In the case of light connection with the existing MSC behaviour whereby the MME sends the SGs Service Request message before the UE response, the RAN paging may lead to delay the UE response (NAS Extended Service Request) by several seconds (5 seconds with a 2.5 s DRX and one paging repetition). When this is added to the existing call setup delay for CSFB in connected mode, it makes a very long duration between the reception of the Alert by the calling party and the actual establishment of the communication: the calling party may have hanged up.

2. Besides, in the case of light connection, if the UE happens to be not reachable, the MSC will end up triggering Call Forwarding on No Reply (CFNRy) instead of Call Forwarding on Mobile Subscriber Not Reachable (CFNRc).

The solution shall ensure that UEs using SGs can also take advantage from Light Connection.

5.8
Issue #8: HSS impact, potential need for subscription information

Editor's note: Corresponds to issue #8 in S2-170698 [A.1].
Per CT Rel-14 WID, there might be some potential impacts to the UE’s subscription data in the HSS, in order to activate Light Connection for certain subscribers and not all. It is not clear whether this feature is required and whether it would be beneficial for certain categories of UEs or for all UEs.  

The support of this requirement needs to be assessed. If support is confirmed, a solution shall be described.

5.9
Issue #9: Support of eDRX and PSM

Editor's note: Corresponds to issue #9 in S2-170698 [A.1].
Per RAN2 solution captured in CR0354 to TS 36.304 clause 7.3 (R2-1702350), Light Connection is incompatible with UEs in eDRX and PSM. How eDRX and PSM can be inhibited with Light Connection needs to be studied and solved.

5.10
Issue #10: X2 not available, potential need for S1 context fetch

Editor's note: Corresponds to issue #10 in S2-170698 [A.1].
Since there is no restrictions in RAN solutions on whether the RAN Paging Area can overlap TAs, it is possible that a RAN Paging Area covers more than one eNB, but also more than one MME. 

If X2 is not deployed for a full RAN Paging Area or not possible to be used (e.g. when eNBs configured under different MMEs), when the UE resumes under a new eNB that has no X2 with the anchor eNB, whether and how the context can be retrieved and what are the impacted interfaces need to be defined. The solution needs to be compatible with the access delays required for any service. 

In existing assumptions in RAN3, there is no restriction in RAN solutions on whether the RAN Paging Area can overlap TAs (it is not related to the UE’s list of TAs), the new eNB may have selected a different MME than the serving MME. That case is possible but not described in RAN potential solutions. Hence, it shall be studied whether some restrictions should be introduced with regards to RAN Paging Areas.

5.11
Issue #11: Handling of NAS messages at inter eNB handover

Editor's note: Corresponds to issue #11 in S2-170698 [A.1].
If the Core Network sends a NAS message to an eNB for a UE while in light connected state, when the UE responds to paging in a different eNB. 

The solution shall describe whether the NAS message is forwarded by the old to the new eNB, or whether the NAS message needs to be repeated by the MME.

The solution has also to take into account the fact that the NAS message contents may depend on the current location of the user or eNB (i.e. the NAS message may contain correct information for the source eNB but not correct for the target eNB).

5.12
Issue #12: CN impacts of successful intra-LTE Light Connected mobility
Editor's note: Corresponds to issue #12 in S2-170698 [A.1].
This issue will address how successful intra-LTE mobility handover for UEs in Light RRC Connection state will affect the Core Network and whether there is impact in SA2 specifications.

5.13
Issue #13: MME load re-balancing

Editor's note: Corresponds to issue #13 in S2-170698 [A.1].
In TS 23.401 [3], MME load re-balancing is described for ECM-IDLE mode and ECM-CONNECTED mode UEs. To off-load ECM-CONNECTED mode UEs, the MME initiates the S1 Release procedure with release cause "load balancing TAU required". When the S1 and RRC connections are released, the UE is naturally informed and it initiates a TAU without providing the S-TMSI or the GUMMEI to eNodeB in the RRC establishment. 

The solution shall describe the eNB and the UE behaviour when the UE is in light connected state when the MME releases the S1 connection with release cause "load balancing TAU required".

5.14
Issue #14: How RAN can ensure that the negotiated NAS DRX is respected
Editor's note: Corresponds to issue #14 in S2-170698 [A.1].
This issue will address how RAN can ensure that the UE provided DRX in NAS is respected (e.g. not exceeded).
5.15
Issue #15: Mismatch of states: UE in CONNECTED LC and NW in IDLE

Editor's note: Corresponds to issue #15 in S2-170698 [A.1].
This issue will address how to handle the mismatch of states: with the CN considering the UE in ECM-IDLE and UE being in ECM-CONNECTED Light RRC Connection.

5.16
Issue #16: How to address mismatch of UE and Network states (UE in ECM-IDLE, CN considers the UE in ECM-CONNECTED)
Editor's note: Corresponds to issue #16 in S2-170698 [A.1].
This issue will address how to handle the mismatch of states with UE in Light RRC Connection: with the CN considering the UE in ECM-CONNECTED and UE being in ECM-IDLE. It should be studied whether this mismatch of states can ever occur.
5.17
Issue #17: PLMN selection in Light-Connected state

Editor's note: Corresponds to issue #17 in S2-170698 [A.1].
The LS (C1-170531) from CT1 reads as follows for item 8:

"CT1 noticed that RAN2’s agreements on light connection include a working assumption that PLMN selection is applicable while the UE is in light RRC connection. CT1 would like to notify RAN2 that this would require major changes to TS 23.122 [4] because the procedures for PLMN selection in that specification are currently only applicable to EMM-IDLE mode, whereas the UE is in EMM-CONNECTED mode when in light RRC connection. 

The consequence of not performing PLMN selection while in light RRC connection would be that higher priority PLMN search is not performed by the UE while in light RRC connection. This has no impact for UEs that are in their HPLMN. For roaming UEs, this can delay return to the HPLMN, should the HPLMN become available. 

In order to ensure timely completion of the feature within Rel-14 timeframe, CT1 recommends that for Rel-14, UEs in their HPLMN do not perform PLMN selection while in light RRC connection, and light RRC connection is disabled for roaming UEs. Disabling of light RRC connection for roaming UEs could be achieved by having roaming UEs not signal support for light RRC connection to the network, by having the network not enable light RRC connection for roaming UEs, or by a combination of both mechanisms.

Recommendation #4: For Rel-14, light RRC connection is disabled for roaming UEs, and UEs in their HPLMN do not perform PLMN selection while in light RRC connection."

Disabling Light Connection for roaming UEs would result in reducing the benefits of Light Connection feature as roaming UEs represent a significant number of UEs. Hence, either a solution for allowing periodic HPLMN Search for roaming UEs should be defined by related WGs (CT1, SA1) or system level benefits of not doing it should be evaluated.

5.18
Void


5.19
Issue #19: How to ensure a RAN paging area across TAs and how to ensure same S-GW is used
Editor's note: Corresponds to issue #19 in S2-170698 [A.1].
This issue will study how to ensure that the allocated RAN paging area can stretch beyond one single TA/TA-list and what are the impacts to the signalling (e.g. due to S-GW relocation), but also ensure that the same S-GW is used within one RAN paging area.

5.20
Issue #20: RAN paging reliability

Editor's note: Corresponds to issue #20 in S2-170698 [A.1].
This issue will address RAN-initiated paging mechanism would have similar reliability as CN originated paging mechanism. This is a RAN centric issue.
5.21
Issue #21: UE Location accuracy and age of location
Editor's note: Corresponds to issue #21 in S2-170698 [A.1].
This issue will address how to support UE location reporting when UE is in ECM-Connected light connection, and whether there is impact in SA2 specifications. 
When UE enters ECM-Connected, MME gets to know current serving cell of the UE which is indicated in the initial S1 message for the UE (e.g., Initial UE message). However, for light connection, UE is assumed to move freely in the RAN paging area (set of cells) in connected while MME consider UE’s serving cell as the first reported cell ID in the initial S1 message. 

The UE location reporting can be caused by not only Lawful Interception but also Monitoring Event. If LI assume a precise knowledge of the UE location (e.g., eNB level or cell level), the accurate UE location information may not be available in the CN functions during UE is in ECM-Connected Light Connection. It can also happen if Monitoring Event has been configured as Cell level or eNB level, and if PRA (Presence Reporting Area) is requested, such that needs to be resolved with determining SA2 requirement.

In order to resolve this issue, following aspects should be investigated:

1.
Impact on S1 interface and RAN node to retrieve UE location when UE is in ECM-Connected Light Connection.

2.
Usability of age of location for CN functions and for requester party (e.g., LI, SCS/AS) of UE location.
5.22
Issue #22: UE and network behaviours when moving in LC to a cell for which the eNB does not support LC

Editor's note: Corresponds to issue #22 in S2-170698 [A.1].
Per TS 36.331 CR2648r2 (agreed at RAN2#97 as R2-1702348), the UE in RRC CONNECTED with a light RRC connection shall perform RAN Paging Area Update when moving out of the configured RAN paging area. 

Since guaranteeing that Light Connection feature always reduces S1 signalling is one of the two main objectives of the original RAN WID (RP-160540), signalling load compared to an UE in RRC-IDLE mode will be evaluated, and recommendations for deployments and RAN Paging Area configuration will be made.

5.23
Issue #23: How to provide CN assistance to RAN for Light RRC Connection activation
Editor's note: Corresponds to issue #23 in S2-170698 [A.1].
This issue will study how CN can provide assistance to RAN e.g. provide certain parameters that will be useful for RAN to decide whether and when to activate Light RRC Connection for particular UEs.

5.24
Issue #24: MME needs to provide IMSI mod x to eNB to use for RAN paging
Editor's note: Corresponds to issue #24 in S2-170698 [A.1].
In order for E-UTRAN to calculate the paging occurrence for the UE the eNB needs to receive the IMSI mod. X of the UE.

5.25
Issue #25: How HSS can retrieve the UE’s cell ID and ‘age of location information’ with the Insert Subscriber Data

Editor's note: Corresponds to issue #25 in S2-170698 [A.1].
This issue addresses almost same context in the issue #21: UE Location accuracy and age of location as described in clause 5.21.
5.26
Issue #26 Excess Signaling and UE power consumption due to frequent UE mobility across RAN based paging area borders

Editor's note: New issue compared to S2-170698 [A.1].
When a UE moves across the RAN-based paging area border, the UE will perform signalling e.g. RAN Area Update triggering HO procedure. Certain UE mobility scenarios will generate frequent mobility updates:

-
Mismatch between the RAN area configuration and the actual or changed UE mobility.

-
In the solution agreed by RAN2 in TS 36.331 CR2648r2 (agreed at RAN2#97 as R2-1702348), each time a UE would select a HeNB (whatever the HeNB is in closed mode, hybrid mode or open mode), the UE will enter IDLE mode and would perform NAS and S1 signalling for UE-CN state re-synchronization. When the UE leaves the HeNB, it will be moved to Light Connection state, which will also generate signalling. This can happen frequently e.g. in shopping malls, and the corresponding signalling load should be evaluated.

In case the above occurs then a solution is needed to stop or avoid the excess S1, X2, UE mobility signalling and the increased UE power consumption. 

5.27
Issue #27: Access Control in Light Connected State

Editor's note: New issue compared to S2-170698 [A.1].
As a new sub state of the ECM-CONNECTED state known as RRC LIGHT CONNECTED is proposed to be added to the system, we need to consider whether it may introduce some impact to the ability of the network to control access to its resources as in the case of the currently prevalent power saving state (ECM-IDLE).

RAN2 has decided to not support ACB in this state in the EPS, but for the 5G system RRC CONNECTED INACTIVE the contrary is happening. This is inconsistent and therefore we shall take a position in TSG SA on this matter. An issue needs to be open to keep track of this and what the proposed way forward shall be.

For instance in 36300_CR0976_(Rel-14)_R2-1702424.doc [A.5] distributed on RAN reflector as technically endorsed RAN2 rel-14 CR, it is stated:

“Access Barring for transition from RRC_CONNECTED with a light RRC connection to RRC_CONNECTED is not supported (except SSAC);”

And also 36331_CR2648_(REL-14)_R2-1702421.doc [A.2] excludes the LC sub-state from execution of ACB steps.

RAN thinks that AS level ACB is not needed in LC state. However for RRC connected Inactive RAN2 is starting a dialogue with SA1 and other WGs on support of ACB and this is contradicting the stance. It should be noted SSAC and ACB serve different purposes altogether.

If the LC sub-state became successful and prevalent, most of the UEs may never be in ECM-IDLE in the future. Therefore, we need to now assign to a LC- level ACB the role that currently is covered by the RRC-IDLE level ACB. Similar considerations may apply to Extended Access Barring.

This issue needs to be investigated in cooperation with SA1 as they own ACB/EAB in TS 22.011 [5]

The expectation is there will not be significant impact on the SA2 specifications.
5.28
Issue #28: Impact on MT SMS in MME delivery

When a UE is using Light Connection and a MT SMS received over SGd interface is to be delivered, there are potential impacts and issues at MT SMS delivery. For example, the URRP-MME mechanism and the UE-Activity-Notification from MME to HSS and SMS-SC used at SMS delivery may not work properly for a UE that uses Light Connected state. When an MT SMS delivery has failed in Light Connected state, the URRP-MME flag may not be set properly. Also when the URRP-MME flag is set and the UE is Light Connected state, the MME is unable to see normal UE NAS activity and trigger the UE-Activity-Notification to be sent. Longer delays for SMS delivery and potentially complete delivery failure of SMS may be the end result.
5.29
Issue #29: Impact of multi-RAT charging data collection in Dual connectivity cases

When a UE is using LC in in 5G NR dual connectivity, the CN and the back-end systems may still need to have information about which RATs the UE is using. 

Since the goal of LC is to minimize the transactions between the RAN and the CN, it needs to be assessed whether this hinders the collection of such RAT-Type transitions or whether the traffic over S1 generated by RAT reporting. Depending on the need to have recent information about UE RAT usage, it may have been convenient to piggyback the data usage reporting to S1 Release Messages, or S1 suspend messages.

The supported dual connectivity configuration are: 3, 3a, 3x. 3x is a configuration supported only when the secondary node is a gNB.

These are summarized in the figures here below:
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Figure 5.29-1 Option 3
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Figure 5.29-2: Option 3a
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Figure 5.29-3: Option 3x

In the figure for 3a data is flowing only on the secondary cell but it can also be split over the primary and secondary cell.

Issues to be addressed include: if we change RAT from LTE to NR in dual connectivity, do we need to inform the SGW and PGW so the PGW and SGW per RAT charging

What CDR closure and reporting requirements we have to meet?

Additionally, in the event that configuration 3x and 3a were used with data only transiting on the secondary cell group (i.e. all user plane was on secondary cell group) whether to transfer charging data volume data to the primary cell group or to the CN directly shall be investigated.
5.30
Issue #30: Inactivity detection in dual connectivity SCG configurations

The LC feature needs to work regardless of whether the RAN node operates normally or as a primary cell of a dual connectivity scenario. 

In dual connectivity scenario in Rel-15 the secondary node can be configured like this:

-
Option 3,3a in the case of a secondary node supporting E-UTRAN

-
Option 3,3a,3x in the case of a secondary node supporting NR

When Option 3 is supported, traffic always traverses the primary cell where the control plane is handled. So inactivity detection is local to the control plane node.

In the case of options 3a and 3x, all the traffic can be routed via the secondary cell group. This means that the Control Plane node (primary cell group) is unaware whether traffic is being served by the secondary cell group. This means that inactivity detection can only occur in the secondary Cell group but the control plane is in the primary cell group and LC state transition in the Control Plane needs activity information as basis for decision.

The primary cell group needs therefore to have ways to detect inactivity also in DC case 3a and 3x.

If the EPS does not support LC, the behaviour is to detect inactivity in the Secondary Cell Group and then release the secondary cell group involvement with the UE by indicating to the Primary cell group the UE connection needs release due to inactivity. 

When LC is introduced in the EPS SA2 needs to discuss whether the same behaviour needs to be followed (and in that case the data path is transferred back to the primary cell group), or the data path is retained and therefore new X2 messages are required to report inactivity from the secondary cell group to the primary cell group. Retaining the same approach as without LC may cause RAN to Core Network signalling at every transition between LC and full RRC- CONNECTED mode.

This issue should aim at identifying solutions and select the one that is appropriate.
5.31
Issue #31: Paging in dual connectivity Secondary Cell Group configurations 

The LC feature needs to work regardless of whether the RAN node operates normally or as a primary cell of a dual connectivity scenario. 

In dual connectivity scenario in Rel-15 the secondary node can be configured like this:

-
Option 3,3a in the case of a secondary node supporting E-UTRAN

-
Option 3,3a,3x in the case of a secondary node supporting NR

When Option 3 is supported, traffic always traverses the primary cell where the control plane is handled. So inactivity detection and paging is local to the primary cell group.

In the case of options 3a and 3x, all the traffic can or is routed via the secondary cell group. 

When a UE enters light connected state in case 3x DL data still goes to the secondary cell group unless DC is disabled when the UE enters light connected state. If DC was disabled and data path rearranged back to the primary eNB, then RAN-CN signalling would be generated, counter to the goals of LC. 

For option 3a also, if the UE enters light connected state while ALL the traffic is routed by the secondary cell group, it is debatable whether the connection to CN should be changed back to the primary cell group only when the UE is in Light connected state to enable paging from the primary cell group. Again, if DC was disabled and data path rearranged back to the primary eNB, then RAN-CN signalling would be generated, counter to the goals of LC.

It should be noted that this is not like the handling of IDLE mode paging currently supported in the EPS, where the UE S1 connection is released so obviously, there is no DL traffic hitting the secondary cell group when the UE is in IDLE mode as DL data is buffered in the SGW.  

The primary and secondary cell group coordination for the handling of paging in light connected state needs to be investigated

5.32
Issue #32: Migration aspects  

The LC feature needs to be introduced in a system where different vendors and different RAN products may coexist with different LC support roadmaps. For this reason, in RAN2 it was decided that since not all the Cells may support LC, Cells advertise support of LC.

In R2-172348 this is added to SIB:

rrc-LightConnectionSupport

The presence of this field indicates that the UE in light RRC connection is allowed to initiate to resumption of the light RRC connection.
Then in the same document





5.3.y
RAN paging area update





5.3.y.1
General

The purpose of this procedure is:

-
to notify the RAN that a UE in light RRC connection has moved outside of the configured RAN paging area;

- 
to periodically notify the RAN that a UE in light RRC connection;





5.3.y.2
Initiation

Upon initiating the RAN paging area update procedure or if T3xy expires, a UE in light RRC connection shall:

1>
if rrc-LightConnectionSupport is included in SystemInformationBlockType2:

2>
initiate the RRC connection resumption procedure of a light RRC connection for ranAreaUpdate cause as specified in 5.3.3.2;

1>
else:
2>
perform the actions upon leaving RRC_CONNECTED as specified in 5.3.12, with release cause 'RRC connection failure';

So, if a UE in LC state enters a cell where LC is not supported (i.e. LC support is not advertised), it enters ECM IDLE mode and performs a TAU.

In areas of the network where it is possible that UEs transits frequently across cells with non-homogeneous support of LC, this will cause a significant increase of TAU traffic if LC is enabled and will cause the network to release the S1 connection when the TAU is received as the UE was in ECM connected to start with. This can increase the overall signalling experienced in the network (contrary to the objective of the Work itself that in RAN is known as “Signalling reduction to enable light connection for LTE”).

This issue shall address: 

· The transition to and from LC supporting Cells shall be discussed in the light of the need to not add signalling to the system during a migration phase where support of LC in the network may be non-homogenous.

· Discussion of the solutions for Migration which do not increase signalling significantly during the LC introduction phase 

· Analysis of the Impact of each solution including whether TA configuration in the deployed network needs to be impacted.

5.x
Issue #x (new)

Editor's note: New issue compared to S2-170698 [A.1]. 

6
Solutions 

Editor’s note: This clause will contain a list of potential solutions to the issues listed in clause 5. Solutions that address more than one issue are encouraged.
6.1
Solution #1: UE mobility to 2G/3G and ISR

6.1.1
Description


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 reselection 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].

6.1.2
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 reselection 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.

6.1.3
Solution Evaluation


The solution has only UE impacts and no CN impacts. There is no extra signalling caused by the UE behaviour.

6.2
Solution #2: Handling Paging Priority


6.2.1
Description


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.

6.2.2
Impacts on existing nodes and functionality

MME

-
For PPD, include per-RAB indication whether paging prioritization applies to the RAB in Light RRC Connection Assistance IE in S1-AP

E-UTRAN

-
For PPD: 

-
Is configured via O&M with paging policies per DSCP value 

-
Need to be able to “read” the DSCP header of the IP packets when PPD is applied for the traffic of an E-RAB  

-
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

6.2.3
Solution Evaluation


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.

This solution assumes that for Dual Connectivity in SCG configuration the E-RAB needs to be moved to MeNB.

The configuration for PPD in RAN needs to ensure that the same “success rate for paging” is achieved when paging is performed from CN or RAN.

6.3
Solution #3: Handling of MT CSFB/SMS


6.3.1
Description


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.
6.3.2
Impacts on existing nodes and functionality

MME

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

6.3.3
Solution Evaluation


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.

6.4
Solution #4: No support of eDRX and PSM, with Light Connection


6.4.1
Description


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. 

6.4.2
Impacts on existing nodes and functionality

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.

6.4.3
Solution Evaluation


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.

This solution limits use of Light Connection for UEs that do not negotiate eDRX and PSM.

6.5
Solution #5: No support for S1 context fetch


6.5.1
Description


This solution solves the issue 10 in clause 5.10: X2 not available, potential need for S1 context fetch.

In RAN3 (see RP-170845 [7]) 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.
6.5.2
Impacts on existing nodes and functionality

None.

6.5.3
Solution Evaluation


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.

This may have limitations for fast moving UEs since there is no way to transfer the UE context across areas where there is no X2 connectivity. 

6.6
Solution #6: Handling of NAS messages at inter eNB handover


6.6.1
Description


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

In RP-170845 [7] it is mentioned: 

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.

6.6.2
Impacts on existing nodes and functionality

None.

6.6.3
Solution Evaluation


The solution has no impacts.

6.7
Solution #7: Successful intra-LTE Light Connected mobility handling at CN.


6.7.1
Description


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
6.7.2
Impacts on existing nodes and functionality

E-UTRAN

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

6.7.3
Solution Evaluation


X2 like handover procedure towards the CN for UE in Light RRC Connection needs to be defined.

No CN impacts.

6.8
Solution #8: RAN needs to ensure that the negotiated NAS DRX is respected


6.8.1
Description


This solution solves the issue 14 in clause 5.14: How RAN can ensure that the negotiated NAS DRX is respected.

This solution interprets the term “…NAS DRX is respected” in issue 14 as “..NAS DRX is taken into account by RAN”.

The Light RRC Connection Assistance Information IE in S1-AP 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 [7] it is further stated: 

On the RAN-configured DRX cycle

1.
[...]

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).

6.8.2
Impacts on existing nodes and functionality

MME

-
sends to RAN UE provided DRX in "Light RRC Connection Assistance Information IE" in S1-AP

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).

6.8.3
Solution Evaluation


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 and UE provided DRX is taken into account.
6.9
Solution #9: Triggers for UE NAS recovery


6.9.1
Description


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 [6] 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 [7] 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.

6.9.2
Impacts on existing nodes and functionality

UE

-
shall enter idle mode and follow NAS recovery procedure as defined in TS 24.301 [6] 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.

6.9.3
Solution Evaluation


New triggers for UE to enter IDLE mode and perform NAS recovery are defined. Depending on the network topology and configuration of RAN paging area (e.g. HeNBs presence, lack of X2 connectivity) this may lead to increased signalling to CN.  

6.10
Solution #10: CN assistance for Light Connection


6.10.1
Description


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 new 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 in S1-AP 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.

CN Assistance information as provided and defined in clause 4.3.21.3 of TS 23.401 [3] can also be used in order to determine whether a UE should be placed in Light RRC Connection state by the RAN.
6.10.2
Impacts on existing nodes and functionality

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

6.10.3
Solution Evaluation

Impacts MME and E-UTRAN.

Allows MME to enable Light RRC Connection feature based on local policy.

6.11
Solution #11: Impacts on location information and age of location


6.11.1
Description


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

S3i170035 [8] 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 or other users of cell information that are authorised to move the UE to connected
6.11.2
Impacts on existing nodes and functionality

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 or other users of cell information that are authorised to move the UE to connected

-
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

6.11.3
Solution Evaluation


Impacts E-UTRAN and MME.

Allows RAN to send UEs location with cell granularity to CN even when the UE is in Light RRC Connection. 

6.12
Solution #12: RAN choice put the UE in Light RRC Connected state based on local policy


6.12.1
Description


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 in 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.

When RAN detects frequent RAN Update signalling then RAN might release the UE RRC connection in conjunction with a RAN Update, so that the UE fall back to RRC_Idle or update the RAN paging area to better fit the “new” mobility pattern of the UE.
6.12.2
Impacts on existing nodes and functionality

E-UTRAN

-
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.

UE 

-
UE provided history information may need to be made mandatory for UEs supporting Light Connection in order to provide history information to RAN for HeNBs in the area and avoid use of Light Connection by RAN or configure the RAN paging area accordingly

6.12.3
Solution Evaluation


If there are lots of HeNBs in the area UE provided History Information is mandatory in order to avoid frequent NAS recovery signalling when UE gets in and out of Light Connection state.

NOTE: RAN WG3 feedback is required to evaluate this solution.

6.13
Solution #13: UE reachability handling

6.13.1
Description

This solution solves the issue identified in clause 4.1 as issue 1, 3, 6 and 15.
When in Light RRC Connection the UE performs periodic RAN paging area update, as stated in the 36.300 CR in R2-172424 [A.5].

If the UE does not respond to RAN paging (e.g. this can happen when UE was out of coverage when it was paged, but returns in coverage before the expiry of the periodic RAN paging area timer):

-
the eNB may attempt paging retry. Paging retry is not specified and the paging retry strategy is implementation-dependent.

-
after persistent RAN paging failure the eNB decides to stop RAN paging and releases the S1 connection. If eNB has a pending NAS PDU for transmission, the eNB sends NAS NON DELIVERY NOTIFICATION to CN before releasing the S1 connection. Any user plane data buffered in the eNB are discarded.

After S1 release in the scenario described above there is a temporary state mismatch, the UE context in MME being in EMM-IDLE state, whereas the UE is in Light Connection:

-
From CN perspective normal reachability follows (i.e. activation of UE Reachability timer).

-
If CN needs to page the UE during the state mismatch, and if the UE is in coverage, the UE will be able to respond because in Light Connection the UE accepts paging with both Resume ID and with S-TMSI. If paged with S-TMSI, the UE transitions to Idle state and responds in the same way as if it were paged in Idle state. This is captured in the 36.331 CR in R2-172421 [A.2] as follows:

2>
if the ue-Identity included in the PagingRecord matches one of the UE identities allocated by upper layers:

2>
perform the actions upon leaving RRC_CONNECTED as specified in 5.3.12, with release cause 'other';

3>
forward the ue-Identity and the cn-Domain to the upper layers;


Upon UE’s response to paging the state mismatch is terminated.

-
In absence of paging, the state mismatch is terminated upon the periodic RAN paging area update timer expiry. Namely, upon this timer expiry UE will attempt the periodic RAN paging update procedure and will fail. According to the 36.331 CR [X2] the UE will “perform the actions upon leaving RRC_CONNECTED as specified in 5.3.12, with release cause 'RRC connection failure'”.

If the UE goes out of coverage and does not return before expiry of the periodic RAN paging area timer:

-
From UE perspective, upon periodic RAN paging area update timer expiry the UE will attempt the periodic RAN paging update procedure and will fail. As explained above, UE will move to Idle state. As NAS is informed about the transition to Idle, regular NAS procedures for Idle mode will be attempted by the UE.

-
From eNB perspective, upon periodic RAN paging area update timer expiry the eNB releases the S1 connection, driving the UE context in the MME in ECM-IDLE state.

-
From CN perspective upon eNB release of the S1 connection, normal reachability follows (i.e. activation of UE Reachability timer).

6.13.2
Impacts on existing nodes and functionality

UE

- 
When in LC the UE performs periodic RAN paging area update.

-
While in LC the UE is reachable for paging using either Resume ID or S-TMSI.

-
Upon periodic RAN paging area update failure the UE transitions to ECM-IDLE.

eNB

- 
When in LC the eNB uses a guard timer for the periodic RAN paging area update. Upon this timer’s expiry the eNB releases the S1 connection.

-
Upon RAN paging failure (possibly involving paging retry) the eNB releases the S1 connection. If eNB has a pending NAS PDU for transmission, the eNB sends NAS NON DELIVERY NOTIFICATION to CN before releasing the S1 connection.

6.13.3
Solution Evaluation


The impact of this solution is already covered in the RAN2 CRs [A.2] and [A.5].

6.14
Solution #14: MME load balancing

6.14.1
Description

This solution solves the issue identified in clause 4.1 as issue 13.
When the MME releases the S1 connection with release cause “load balancing TAU required” while UE is in LC state:

-
the eNB performs RAN paging to bring the UE in RRC_CONNECTED state.

-
after UE responds to RAN paging the eNB releases the RRC connection with release cause “load balancing TAU required”.
From SA2 perspective the eNB can acknowledge the S1 connection release before or after completing the access stratum procedure (i.e. paging and RRC connection release). It is up to RAN3 to choose in case either of the two is better than the other.

6.14.2
Impacts on existing nodes and functionality
eNB

- 
Upon S1 release with “load balancing TAU required” cause the eNB performs RAN paging to bring the UE in RRC_CONNECTED state and then releases the RRC connection with the “load balancing TAU required” cause.

6.14.3
Solution Evaluation


From SA2 perspective the eNB can acknowledge the S1 connection release before or after completing the access stratum procedure (i.e. paging and RRC connection release). It is up to RAN3 to choose in case either of the two is better than the other. Neither of the two variants has impact on SA2 specifications.
6.15
Solution #15: Background scan for higher priority PLMNs

6.15.1
Description

This solution solves the issue identified in clause 4.1 as issue 17.
According to the 36.304 CR in R2-172422 [A.3]:

-
"The Idle Mode procedures defined in this specification are also applicable for a UE in light RRC connection unless specified otherwise."
This means that background scan for higher priority PLMN can also be performed while the UE is in LC state.

On the other hand, the CT1 CRs submitted to CT#75 [A.6, A.7, A.8], while allowing the UE to indicate its LC support to the VPLMN, do not contain any NAS procedure details corresponding to the case where UE finds a higher priority PLMN.

The solution is:

If the UE in LC state, while performing background scan for higher priority PLMNs, finds such a PLMN:

-
the UE performs a Tracking Area Update on that PLMN.

-
this will lead to either inter-PLMN TAU or to Attach, depending on whether context fetch is possible across the PLMN boundary.

6.15.2
Impacts on existing nodes and functionality
UE

- 
While in LC state the UE performs background scan for higher priority PLMN.

-
When a higher priority PLMN is found the UE performs TAU on that PLMN.

-
UE AS needs to inform the NAS about moving in and out of LC state.

6.15.3
Solution Evaluation


No additional Stage 2 functionality has been identified to support background scan for higher priority PLMNs in Light Connection.

6.16
Solution #16: Co-existence with User Plane CIOT EPS Optimisation


6.16.1
Description


6.16.1.1
Applicability of “coexistence”
"Co-existence" of User Plane CIoT EPS Optimization and Light RRC Connection applies when both the UE and network support both User Plane CIOT EPS optimisation and Light RRC Connection in both RAN and CN. Obviously if either the UE or the network support one of the two there this no "co-existence".

A UE that supports both User Plane CIOT Optimisation and Light RRC Connection may signal "User Plane CIOT EPS Optimisation is supported" in Preferred Network Behaviour (as defined in clause 4.3.5.10 of TS 23.401) and/or the support for "Light Connection Supported" UE Network Capability IE as defined in [A.6].

6.16.1.2
Coexistence in the MME

When the MME receives from the UE both an indication of "User Plane CIOT EPS Optimisation is supported" in Preferred Network Behaviour (as defined in clause 4.3.5.10 of TS 23.401) and the support for "Light Connection Supported" UE Network Capability IE as defined in [A.6], then the MME can choose based on local policy whether to:

1.
Send both the "UE User Plane CIoT Support Indicator" IE to "supported" as defined in TS 36.413 and "Light RRC Connection Assistance" in S1 signalling. In this case, “coexistence” at RAN as defined in 6.16.1.3 applies.

2.
Send only the "UE User Plane CIoT Support Indicator" IE to "supported" in S1 signalling. In this case, the RAN may use UP EPS CIoT optimization as usual, no “coexistence” applies in the RAN.

3.
Send only the "Light RRC Connection Assistance" in S1 signalling. In this case, the RAN decides whether and when to use Light RRC connection, no “coexistence” applies in the RAN.

4.
Send none of the two (i.e. neither "UE User Plane CIoT Support Indicator" nor "Light RRC Connection Assistance" IEs)

In case of 1, the MME follows the RAN decision as defined in 6.16.1.3: 

1.
If the MME receives an S1-AP Connection Suspend procedure, it enters ECM-IDLE mode, and follows regular idle mode procedures, e.g. CN paging, etc.

2.
While the UE is in ECM-CONNECTED, the MME follows ECM-CONNECTED procedures, with the adjustments for a possible use of Light RRC Connection, as proposed in this study. 

6.16.1.3
Coexistence in the RAN

If the MME chooses to send both "UE User Plane CIoT Support Indicator" IE set to "supported" and "Light RRC Connection Assistance" in S1-AP Initial Context Setup, it is up to E-UTRAN to choose which mechanism to use. 

The choices in E-UTRAN when the UE is in ECM-CONNECTED e.g. upon expiry of the inactivity timer are as follows: 

1.
Use User Plane CIoT EPS optimization by performing Connection Suspend Procedure as defined in clause 5.3.4A of TS 23.401, suspending S1-AP and storing the UE AS context. 

2.
Use Light RRC Connection, in which case E-UTRAN maintains S1-U/S1-C active for the UE and performs signalling to send the UE to Light RRC Connection as defined RAN CRs (e.g. [A.5] and [A.2]). The UE in this case stays in ECM-CONNECTED and RAN paging (primarily) is used to reach the UE. The UE follows procedures for Light RRC Connection e.g. for intra/inter-RAT mobility etc.

3.
Release the RRC and S1 connections, in which case the UE goes to RRC_IDLE and ECM_IDLE and follows normal idle mode procedures defined in TS 23.401 [3]. The UE will be paged from CN and perform Service request for MO traffic and to respond to paging.

The choice between 1, 2 and 3 as mentioned above can be local policy but also even influenced by CN Assistance information is provided as 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. Furthermore transition may happen from RRC_CONNECTED to Light RRC Connected, at one instance and from RRC_CONNECTED to RRC_IDLE or RRC_IDLE with AS context stored in eNB. There is no transition from Light RRC Connected to RRC_IDLE with AS context stored in eNB.

6.16.1.4 
Coexistence in the UE

Based on what is defined in clauses 1 and 2 of this document, a UE that supports both User Plane CIOT Optimisation and Light RRC Connection may signal, based on its needs, "User Plane CIOT EPS Optimisation is supported" in Preferred Network Behaviour (as defined in clause 4.3.5.10 of TS 23.401 [3]) and/or the support for "Light Connection Supported" UE Network Capability IE as defined in [A.6].

If the UE includes both "User Plane CIOT EPS Optimisation is supported" in Preferred Network Behaviour and the support for "Light Connection Supported" UE Network Capability IE, then when the UE is in ECM-CONNECTED, the UE shall be ready to handle the following scenarios:

1. 
If the UE receives RRC suspend request from the eNB, then the UE enters ECM-IDLE and follows regular UP EPS CIoT optimization behaviour.

2.
If the UE receives an indication to move to Light RRC connection from the eNB, the UE stays in ECM-CONNECTED with Light RRC connection, and follows regular behaviour for Light RRC connection. 

NOTE: If RRC suspend procedure is reused for Light RRC connection, there shall be an indication that the suspend procedure is for Light RRC connection, to differentiate between Light RRC connection and UP optimization, this is in the realm of RAN2.

3. If the UE receives an "RRC release", the UE enters ECM-IDLE and follows "normal" IDLE mode procedures

6.16.2
Impacts on existing nodes and functionality

MME: As in clause 6.16.1.2.

E-UTRAN: As in clause 6.16.1.3.

UE: As in clause 6.16.1.4.

6.16.3
Solution Evaluation


No protocol impacts are introduced from this solution. Coexistence between User Plane CIOT EPS Optmisation and Light RRC Connection is internal logic in UE, E-UTRAN and MME. This solution does not support any transition from Light RRC Connected to RRC_IDLE with AS context stored in eNB.

6.17
Solution #17: Support for UE Context transfer via S1 

6.17.1
Description


This solution solves the issue 10 in clause 5.10: X2 not available, potential need for UE Context transfer via S1.

The UE Context Retrieval via the S1 procedure is used if the UE in RRC Light Connected state requests to resume a connection toward a new RAN while the UE Context is stored at Old Serving RAN, and the UE Context cannot be retrieved from the Old Serving RAN node due to lack of X2 interface between the New and the Old Serving RAN node.
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Figure 6.17.1-1: UE Context Retrieval via S1 

1.
The New Serving RAN node realises that it has no X2 connection to a RAN node with the identity indicated in the Resume ID and decides to perform the Context Retrieval via S1 procedure.

2.
RAN to MME: S1AP Retrieve UE Context Request (Old RAN ID (contained in the Resume ID),
Resume ID, new RAN ID).
The RAN requests an MME within a pool to which it is connected, to resolve the RAN node identity. This MME node doesn’t necessarily need to be the MME serving the UE. Respective signalling is performed in a connection-less and the MME stateless manner.

If the MME is able to resolve the address of the indicated Old RAN ID, it forwards the request to that node.

3.
MME to Old Serving RAN: Retrieve UE Context Request (Old RAN ID, New RAN ID, Resume ID).


The MME forwards the request to the Old Serving RAN.

4.
Old Serving RAN to MME: Retrieve UE Context Response (Old RAN ID, New RAN ID, Resume ID, UE Context).

The Old Serving RAN node provides UE Context Data. 

Editor’s Note:
The handling of non-delivered NAS PDUs is FFS.

5.
MME to RAN: S1AP Retrieve UE Context Response (Resume ID, UE Context).

The MME forwards the information received in step 4 to the New Serving RAN.

6.
RAN to MME: S1AP Path Switch (no X2 indicator, DL forwarding address)

The New Serving RAN node triggers the path switch procedure as if it would have received UE context data via X2 interface and indicates to the MME that no X2 connection is available towards the Old Serving RAN node. The message also contains the DL forwarding addresses.

7.
MME to Old Serving RAN: S1AP UE Context Release. 

The MME node performs the S1AP UE Context Release procedure (as the New Serving RAN node is not able to trigger it via X2) and provides the DL forwarding addresses for the user plane data.

8.
If necessary, forwarding of user data takes place.

Editor’s Note:
Details concerning RRC and S1 messages and the information contained in these messages will be aligned with RAN WG2 and RAN WG3.

6.17.2
Impacts on existing nodes and functionality

MME:

- support for new procedure to retrieve UE Context from old serving RAN

RAN:

- support for new procedure to retrieve UE Context from old serving RAN

6.17.3
Solution Evaluation

Editor's note: Use this clause for evaluation at solution level.

6.18
Solution #18: RAN Paging relay via S1


6.18.1
Description


This solution solves issue #26 in clause 5. 

As indicated in solution #j and #e RAN paging area can stretch beyond X2 connectivity when there is support for UE Context transfer via the S1. Furthermore, the complementing functionality needed to enable support for RAN paging area that can stretch beyond X2 connectivity is relay of RAN paging via the S1.

The RAN Paging Relay via the S1 procedure is used by RAN to page a UE in RRC Light Connected state over RAN nodes towards which the Serving RAN node has no X2 interfaces established. Paging management, i.e. paging repetitions, escalation, monitoring is handled by the RAN node that has initiated the RAN paging procedure.

The paging RAN node includes in the S1AP Relay Paging Request message to the MME the S1AP Paging message and the Paging scope information. The Paging scope information can be one, several TA(s) or the complete TA List of the UE that is subject to paging.The MME that receives the S1AP Relay Paging Request message, relays the S1AP message toward the relevant RAN nodes according to the Paging scope information, in a multi-cast manner.
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Figure 6.18.1-1: RAN Paging Relay via S1

1.
The serving RAN node decides to relay the paging via the S1.

2.
Serving RAN to MME: S1AP Relay Paging Request (S1AP Paging, Paging scope)

The serving RAN node requests the serving MME to relay the paging message to the RAN nodes in UE’s Paging scope, e.g. one, several of UE’s TA(s) or complete TA List. The S1 Paging message can include list of cell candidates for paging as specified in Rel-13.

3.
The MME, based on received UE’s Paging scope, selects the RAN nodes to which the paging message will be relayed, i.e. the MME relays the paging message in multi-cast manner. The MME will not trigger paging repetition on its own.

4.
MME to RAN: S1AP Paging.

The MME relays Paging to the RAN nodes in UE’s Paging scope.


Editor’s Note:
Details concerning RRC and S1 messages and the information contained in these messages will be aligned with RAN WG2 and RAN WG3.
6.18.2
Impacts on existing nodes and functionality

MME:

- support for new procedure to relay RAN paging via S1

RAN:

- support for new procedure to relay RAN paging via S1

6.18.3
Solution Evaluation

Editor's note: Use this clause for evaluation at solution level.

6.19
Solution #19: RAN notifies the CN about the RRC state transitions of the UE


6.19.1
Description

This solution may potentially be used in solutions to address issues in #1, #4a, #4b, #4c, #6, #7, #8, #12, #13, #14, #15, #16, #18, #21, #24, etc, depending on further work on this solution. 

A UE in Light Connection state has a rather different characteristic compared to when being in RRC_CONNECTED state but at the same time the UE is only represented in the CN by a single state, the ECM-CONNECTED state. The CN needs to be aware of the UE’s RRC state due to following considerations:

-
A CN that know the RRC state is able to enhance the transmission control logic in an efficient way (e.g. adjusting timers, adjusting response to northbound requests, knowing correctness of latest cell id, statistics of UE behaviour, etc). 

-
When MME receives UE information query (e.g. Location info query) while UE is in ECM-CONNECTED, the MME can adapt its behaviour when the UE is in Light Connected state. 

-
Knowledge of the two RRC states can be used to adapt operation and maintenance statistics in the CN that would otherwise have been misleading.  

-
Knowledge of the RRC state can be used to adapt paging priority and policy/strategy differentiation information to RAN for MT signalling in case RAN paging will be applied

This solution consists of the eNB may send a S1-AP notification message on the S1-MME interface at RRC transitions from RRC_CONNECTED to Light Connected state, and at RRC transitions from Light Connected state to RRC_CONNECTED state. The MME stores the new RRC state.

Editor’s note: It is FFS how the MME uses the RRC state information.

6.19.2
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.).

6.19.3
Solution Evaluation

Editor's note: Use this clause for evaluation at solution level.

6.x
Solution #x: <Solution Title>

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

6.x.3
Solution Evaluation

Editor's note: Use this clause for evaluation at solution level.

7
Overall Evaluation
8
Conclusions
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[A.5]
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[A.6]
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