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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 power saving 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
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
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".

[3]
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".

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.
5.4a
Issue #4a: Handling of Paging Priority indication 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 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.
5.5
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.
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
Issue #18: Mismatch of states: NW in CONNECTED LC and UE in IDLE
Editor's note: Corresponds to issue #18 in S2-170698 [A.1].

It should be studied whether the abnormal case quoted in the issue #18 description in S2-170698 [A.1] (“to handle the abnormal case of the UE being in idle state and the network thinking that the UE is in connected state”) can ever occur.
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.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.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.3]
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R2-1702423: "Light RRC Connection Feature specification in 36.306", contains TS36.306 CR1422.

[A.5]
R2-1702424: "Light RRC Connection Feature specification in 36.300", contains TS36.300 CR0976.

[A.6]
C1-170964: "Addition of Light Connection support over NAS", contains TS24.301 CR2767.

[A.7]
C1-170980: "Managing Light Connection for Roaming UEs", contains TS24.368 CR0025.

[A.8]
C1-170997: "Introduction of support for light connection in TS 24.301", contains TS24.301 CR2799.
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