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Abstract of the contribution: This discussion paper attempts to introduce one Rel-14 feature named LTE light connection defined in RAN WGs, provide technical analysis and evaluation on possible system-level impacts of this feature based on the incoming LS from CT1, discuss the necessity and solutions to enable CN control of this feature and finally propose a way in SA2 to progress the required stage 2 work and to inform other related WGs based on SA2 agreements.
1. Introduction
At S2#118bis meeting, SA2 received an incoming LS S2-170014/C1-165447 [1] from CT1 on SA2 involvement for the light connection. In the LS, a new agreed Rel-14 CT-wide WID was attached for information. From the content of this LS, the new CT WID was mainly to complete the required stage 3 work in Rel-14 for core-network aspects. Based on the observed impacts on the core network protocols and potential end-to-end system impacts, CT1 sent the LS to SA2 for work involvement.

The Rel-14 RAN LTE_LIGHT_CON WID [2] was approved by RAN#71 plenary at March 2016 and scheduled to be completed by 2017Q1. The work is 75% complete by the end of 2016. In this WID, it ticked ME, AN and CN impacted.
The Rel-14 CT WID LTE_LIGHT_CON-CT [3] was approved by CT#74 plenary at Dec. 2016 and scheduled to be completed by 2017Q1 as well. The work is 0% complete by the end of 2016. In this WID, it ticked ME and CN impacted.
This discussion paper attempts to introduce this new Rel-14 feature from RAN WGs, provide technical analysis and evaluation on possible system-level impacts of this new feature based on the incoming LS from CT1, discuss the necessity and solutions to enable CN control of this new feature and finally propose a way in SA2 to progress the required stage 2 work and to inform other related WGs based on SA2 agreements.
2. What is Light Connection in Rel-14?
By the end of 2016, some agreements were technically endorsed for the Light Connection (LC will be used for simplicity hereafter) in RAN WGs (partly copied in Annex A from an email endorsed RAN2 running CR R2-169180 [4] and partly copied in Annex B from an endorsed RAN3 Way Forward in R3-163238 [5]).
Based on RAN agreements, we can have below observations about LC:

(1) The ECM state is ECM-CONNECTED from network and UE perspective.
(2) The paging function is moved down from the MME to the “anchor eNB”;
(3) The UE reachability management function is moved down from the MME to the “anchor eNB”;

(4) The legacy NAS layer UE location management (TAU) is still applied but a new AS layer UE location management (PAU, paging area update) was introduced;

(5) The DL data buffer function was moved down from the SGW to the “anchor eNB”;

(6) The MME NAS layer is not aware of whether the UE is in LC mode or not. Whether the UE NAS layer is aware is still FFS.
3. Discussion on system-level impacts of Light Connection
One needs to bear in mind that LC is a new Rel-14 feature catered for LTE/EPC architecture system, and not 5G. Therefore, the possible system-level impacts on the existing LTE/EPC architecture system should be discussed and evaluated to make sure it can work end-to-end.

3.1. System-level impacts indicated in CT1 LS
In CT1 LS, three potential end-to-end system impacts were identified:

a) 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;

b) 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;

c) 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.

For bullet a), it is still unclear so far from RAN WGs how the anchor eNB will handle it. Whether eNB will re-page the UE or directly provide failure indication to the MME? Considering MME holds the wider serving areas than anchor eNB, we would have:
Proposal #1: In a), the eNB provides a failure indication (i.e. S1-release with a special cause value) and sends back the NAS PDU to the MME, based on which the MME triggers the legacy CN paging (as the UE in the idle mode).

Proposal #1 requires new MME’s handling, the eNB should provide a new cause value to the MME due to RAN paging failure and based on which, if the MME has provided a “Light Connection” indication to the eNB before, the MME will initiate the CN paging as legacy. All these require SA2 spec updates.
For bullet b), ISR is totally not considered in RAN for LC due to it is a pure UE-CN feature. Even ISR is an idle mode feature but it was activated in the connected mode. LC was only applied in LTE, so either SGSN or MME can activate ISR for the UE as legacy. In case of ISR was activated for a UE in LC mode and the UE stays in 2G/3G, two subcases: (1) for all MT PS signalling/data, it will directly go to the anchor eNB (via MME or SGW). However, the anchor eNB will only page UE in LTE and the SGW will not send DDN to SGSN to trigger the paging in 2G/3G (due to SGW has S1-U for this UE); (2) for all MT CS services (MT CSFB and SMS), it will directly go the anchor eNB (via MME). However, the anchor eNB will only page UE in LTE and the MME will not send CS paging indication over S3 to SGSN to trigger the paging in 2G/3G. In both subcases, the UE will never be paged for MT services. Hence we would have:
Proposal #2: In b), ISR is not activated when the MME decides LC can be used for the UE.
Proposal #2 requires new MME’s handling as well. If the MME has provided a “Light Connection” indication to the eNB before or during the TAU procedure, it will not activate ISR for the UE. Furthermore, the MME will not indicate the support of ISR to the SGSN to disable SGSN to activate ISR during RAU procedure. All these require SA2 spec updates.

For bullet c), it is still unclear so far from RAN WGs how the anchor eNB will handle it, e.g. whether the UE is still available for MT traffic. Like MME, whether the anchor eNB runs a mobile reachable timer? Like periodic TAU at UE NAS layer, whether a periodic PAU with related timer is needed at UE AS layer. Hence we would have:
Proposal #3: In c), the UE AS layer performs periodic PAU with related timer. The eNB runs a mobile reachable timer and at expiry of mobile reachable timer, the eNB release the S1 connection. This part has dependence on RAN2 work
3.2. Other potential system-level impacts
In addition the impact identified in CT1 LS, more potential system-level impacts can be identified for LC.
3.2.1 Possible impacts on inter-RAT mobility
LC is only a Rel-14 LTE enhanced feature so no impact on 2G/3G. Based on observations from section 2, some open issues for inter-RAT mobility are unclear:
(1) What is the (P)MM state when the UE in LC mode moves to 2G/3G?
From the endorsed RAN2 running CR R2-169180 [4], one can see the UE in LC mode will still perform the normal idle state cell reselection (not handover or NACC) for mobility so it is technical correct to say the (P)MM state should be GPRS STANDBY in 2G and PMM-IDLE in 3G (for simplicity, hereafter, only talks 3G).
(2) What is the normal procedure initiated when the UE in LC mode moves to 2G/3G (i.e. the MM state in the 2G/3G)?
The same as legacy, normally below RAU trigger specified in TS 23.060 will apply:

"6.9.2.1
Routeing Area Update Procedure

A Routeing Area Update takes place when an attached MS detects:

-
when the MS reselects GERAN/UTRAN with the TIN indicating "GUTI";"
(3) Whether the UE in LC mode will firstly notify the anchor eNB before moving to 2G/3G?

If bearer in mind that a UE in LC mode will follow idle mode features covered by TS 36.304, the anchor eNB will not be aware this when the UE reselects to a 2G/3G cell. As a result, the eNB has no chance to trigger any actions (e.g. PS handover, or RRC release with redirection) and the MME will not be aware of all these ahead as well.

(4) What is the MME’s handling when receiving the UE context request from SGSN for a connected UE?

Following above (3), the UE is in connected state at the MME but has already moved to 2G/3G without any signalling notification. The S1AP signalling connection for this UE do exist and the S1-U bearer contexts also exist at the SGW, so the MME always needs to do more things upon receipt of UE context request from SGSN, e.g. release the S1AP signalling. 
(5) How to enable data forwarding during inter-RAT TAU/RAU?

Data forwarding during inter-RAT TAU/RAU is supported for UEs use power saving functions (e.g. procedures in TS 23.401 sub 5.3.3.1A and 5.3.3.6). However, for a UE in LC mode, the old MME are not required to provide the Buffered DL Data Waiting Indication to the target SGSN and hence the data forwarding is disabled. Considering the DL data forwarding during TAU/RAU is mainly used for UEs using power saving, one simpler way is: for UEs intend to use power saving functions (e.g. PSM, eDRX), the LC will not be used.
All in all, we would have:

Proposal #4: To enable inter-RAT mobility for LC, the (P)MM state of UE is GPRS STANDBY or PMM-IDLE and the legacy inter-RAT RAU/TAU triggers will be followed.
Proposal #5: For a UE intends to use power saving functions (e.g. PSM, eDRX), the LC will not be used.
3.2.2 Possible impacts on intra-LTE mobility
It will be a very often case that a UE in LC mode moves from an eNB support LC to an eNB not support LC.

Some similar open issues in section 3.2.1 exist in this case as well, e.g. bullet (2), (4) and (5). Additionally, below open issues are unclear as well:

(1) What is the ECM state when the UE in LC mode moves to an eNB not support LC?

Like the bullet (1) in section 3.2.1, it is technical correct the UE falls back to the legacy ECM IDLE mode in this case.
(2) How does the UE know it has moved to an eNB not support LC?
This depends on the RAN WG decision, e.g. the eNB broadcasts whether its support of LC in the SIB and UE AS layer reports this information to the NAS layers. Hence, we would have:

Proposal #6: The ECM state of UE is ECM-IDLE when an UE in LC mode moves to an eNB not support LC and how does the UE know an eNB not support LC is up to RAN2’s decision.
3.2.3 Possible impacts on MT SMS delivery
Stage 2 TS 23.272 covers the unsuccessful MT-SMS transfer handling (e.g. sub 8.2.5c and C.6) in case of e.g. UE is unreachable. For MT-SMS over SGs, MT-SMS waiting flags needs to be set, e.g. "MNRF" in MSC and HSS/HLR, "NEAF" in MME. For MT-SMS over SMS in MME, also MT-SMS waiting flags needs to be set, e.g. "MNRF" in HSS and "MNRF-MME" in MME.

In case of LC is used and UE is unreachable via RAN paging, it is unclear how to handle the unsuccessful MT-SMS transfer. Note that all MT-SMS waiting flags will not be set on the MME due to the UE was in the connected mode and the MME will directly send the MT SMS as a ciphered NAS PDU to the anchor eNB. Hence the existing unsuccessful MT-SMS transfer specified in TS 23.272 (e.g. sub 8.2.5c and C.6) cannot apply. To enable MT-SMS transfer, we would propose:
Proposal #1 in section 3.1 is used and MT-SMS waiting flags are set as legacy in case of CN paging failure.
Upon receipt of RAN paging failure indication (i.e. S1-release with a special cause value) and non-delivered NAS PDU including MT-SM from the eNB, the UE moves to EMM-IDLE mode at CN and hence the MME can page the UE as legacy. Hereafter, the procedural handling of MT-SMS delivery for an idle mode UE apply: 
· If the MME initiated paging succeeds, the MT-SM will be delivered as legacy; 
· If the MME initiated paging fails as well (e.g. the UE is temporary out of coverage), the VLR or the MME will trigger to set required waiting flags and the existing unsuccessful MT-SMS transfer specified in TS 23.272 (e.g. sub 8.2.5c and C.6) can apply.

Proposal #7: The above proposal is used for unsuccessful MT-SMS transfer handling for LC.

3.2.4 Possible impacts on MT CSFB delivery

Similar as MT-SMS delivery, in case of LC is used and UE is unreachable via RAN paging, it is unclear how to handle the unsuccessful MT CSFB procedure. As per TS 23.272, for a UE was in connected mode, if there is no handover procedure ongoing, the MME will immediately respond the SGs paging (by sending the SGs service request message) to the VLR and based on which, the VLR will stop the SGs paging procedure. If hereafter the user rejects the MT call, the MME will send the SGs reject message to the VLR with a cause value "Mobile terminating CS fallback call rejected by the user". Note that currently for a connected UE, this is the only reason why the MME needs to send the SGs reject after it has sent the SGs service request message to the VLR.
If hereafter the RAN paging fails for a UE in LC mode, both the eNB and MME’s further handling are unspecified in 3GPP. For the eNB, due to the DL NAS PDU was ciphered, it cannot distinguish whether it is for MT data, MT SMS or MT CS call, so it will handle the same in case of RAN paging failure. If the eNB provides a failure indication and send back the NAS PDU to the MME, there are two alternatives for the MME handling:
Alt# 1: If the MME has sent the “Light Connection” indication to the eNB, the MME will not immediately respond the SGs paging to the VLR but wait for UE’s feedback. Upon receipt of failure indication and NAS PDU from the eNB, the MME initiate the CN paging as legacy and hereafter the existing MT-CSFB procedure for an idle mode UE as specified in TS 23.272 sub 7.2 apply. In case of MME paging failure, the SGs paging timer at VLR will expire and the VLR may progress the MT call as legacy, e.g. to inform the calling party the called party is unreachable and drop the call, or to handle as for Call Forwarding on Not Reachable, as specified in 3GPP TS 23.082 and 3GPP TS 29.011.
Alt# 2: The same as legacy, the MME will immediately respond the SGs paging to the VLR. Upon receipt of failure indication and NAS PDU from the eNB, if the MME has sent the “Light Connection” indication to the eNB, the MME will send an SGs UE unreachable message to the VLR.
Alt#1 is better than Alt# 2 due to, e.g. Alt#2 may cause bad user experience for the calling user. The VLR may use the SGs service request message as a trigger to inform the calling party that the call is progressing (e.g. is alerting) but latter inform the calling party the called party is unreachable. Hence, we would have:
Proposal #8: Alt#1 is used for unsuccessful MT-CSFB handling for LC.
4. CN control of Light Connection
As observed in section 2, LC does move some basic CN functions from CN nodes to the eNB. Operators should have a choice to configure whether to use LC or not in their deployed network. Normally, these configurations are done at CN nodes (e.g. MME or HSS).
Furthermore, the LC was mainly to reduce signalling overhead between the UE and the RAN as well as between the RAN and CN nodes. As we all known, for a UE, the created signalling load over radio interface and S1 interface is tightly dependent of the frequency of the state transition from the idle to the connected. MME may derive the expected pattern of the UE's state changes between ECM-CONNECTED and ECM-IDLE states from statistical information or from subscription information. For some type of UEs who just require infrequent data transfer (e.g. meters), or some type of UE whose traffic mode is receive only mode, no need to enter LC mode anymore. Hence, not all type of UEs need to enter LC mode and operators could have policies to enable this as per UE level. Normally, these policies are configured at CN nodes (e.g. MME or HSS). If the UE is preferred to use Light Connection based on locally configured operator policies or the subscription data, the MME shall include a "Light Connection" indication to eNB.
Also to support the RAN initiated paging for LC, MME needs to provide the paging assistant information, e.g. UE Identity Index Value to eNB. If the MME supports Light Connection and the UE is capable of Light Connection, the MME shall include the paging assistant informations required by the RAN initiated paging to the eNB.

If the paging assistant informations for the RAN initiated paging, or "Light Connection" indication has not been received, the eNB shall not configure the UE to use Light Connection.

Finally, as discussed in section 3, to enable the LC work well in the concerned system impacts, the MME should be involved (e.g. Proposal #1, #2, #3, #7, #8) and can made a decision whether a UE can enter a LC mode (e.g. Proposal #5) or not.
All in all, we could have:

Proposal #9: The LC should be under the control of CN.

To enable the CN control of LC, like some existing 3GPP features (e.g. CIoT CP/UP optimizations, PSM/eDRX, ProSe, V2X, etc.) who impacts both UE and CN, there are two alternatives:
Alt# 1: NAS based solution:

· UE indicates its support of LC in the Attach/TAU request message;

· If the MME supports LC and decides the UE is preferred to enter the LC mode, provides a "Light Connection" indication to eNB;

· Based on the "Light Connection" indication, the eNB can activate LC mode for the UE and keep the UE in ECM-CONNECTED mode at CN.

Alt# 2: AS based solution:

· During an initial NAS procedure, UE indicates its support of LC in the RRC request message to the eNB. The eNB forwards UE’s LC support information to the MME;

· If the MME supports LC and decides the UE is preferred to enter the LC mode, provides a "Light Connection" indication to eNB;

· Based on the "Light Connection" indication, the eNB can activate LC mode for the UE and keep the UE in ECM-CONNECTED mode at CN.

In order to keep the aligned handling principle as other existing 3GPP features (e.g. CIoT CP/UP optimizations, PSM/eDRX, ProSe, V2X, etc.) who impacts both UE and CN, the Alt#1 is preferred. 

Proposal #10: Alt#1 is used to enable CN control of LC.

5. Conclusion and Proposal
This discussion paper introduced a new Rel-14 feature LC from RAN WGs, provided the technical analysis and evaluation on possible system-level impacts, discussed the necessity and solutions to enable CN control of LC. 
Based on observations in section 2 and proposals in section 3 and section 4, two CRs are proposed: one CR S2-170052 for TS 23.401 to cover the Proposal #1, #2, #4, #5, #9 and #10, and one CR S2-170053 for TS 23.272 for Proposal #7 and #8.

It proposes SA2 to discuss the LC feature and the proposals provided in this paper. Once SA2 have agreed some proposals, it proposes to send an LS to other interested WGs RAN2, RAN3, CT1 and CT4 for required work alignment for LC. A draft reply LS was provided in S2-170054.
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Annex A: Descriptions on Light Connection from email endorsed RAN2 running CR R2-169180
7.x
Light Connection 
Light Connection is used to reduce the radio and network interfaces signalling overhead, and to improve the UE access latency as well as UE power consumption. 

Light Connection is characterized as below:
-
the Light Connection  is defined as RRC_CONNECTED with a light RRC connection;

- 
The UE in RRC_CONNECTED with a light RRC connection shall suspend all DRB and SRB(except SRB0) and apply the following functions as in RRC_IDLE;

-
PLMN selection (including Background search for High Priority PLMN);
-
Cell reselection (including reselection to CSG);

-
Logged MDT.

-
 The ECM state is ECM-CONNECTED from network and UE perspective.
Editor's note 3: the ECM state of a UE in Light Connection needs to be confirmed by CT1.

To configure the RRC CONNECTED with a light RRC connection the following principles apply: 

-
When the last serving eNB decides to move the UE to RRC_CONNECTED with a light RRC connection, it keeps the S1 connection while the UE remains RRC_CONNECTED with a light RRC connection and becomes anchor eNB for the UE;

-
the UE is configured by RRC Connection Release with explicit light connection indication;

-
Anchor eNB configures  RAN Paging Area in terms of cells list or trakcing area . The UE in RRC_CONNECTED with a light RRC connection is required to notify the network by RRC Connection Resume procedure with Paging Area Update indication when it moves out of the configured RAN Paging Area.

-
Anchor eNB configures  DRX parameter.

Editor's note 4: whether the RAN Paging Area could be configured as the list of paging area ID is still FFS .
RAN initiated paging is applied in Light Connection. The principles include: 

-
The RAN initiated paging is triggered by anchor eNB when DL data or signalling is received in anchor eNB;

-
The area of RAN initiated paging is controlled by the anchor eNB;

-
If the RAN Paging Area of the UE includes cells of neighbour eNBs, the anchor eNB transmits paging in the cells it controls and sends X2 RAN Paging to neighbour eNB(s);

-
Same PO/PF calculation as RRC_IDLE;

-
The Resume ID is used as paging UE ID conveyed in paging message;

-
Same RRC paging message as for paging UEs in RRC_IDLE mode is used for paging UEs in RRC_CONNECTED with a light RRC connection.

When the UE is in RRC CONNECTED with a light RRC connection, transition to RRC CONNECTED should be initiated: 

-
upon RAN initiated paging, or upon any MO data/signaling is initiated;

-
by the RRC connection resume procedure.

Access Barring for transition from RRC_CONNECTED with a light RRC connection to RRC_CONNECTED mode is not supported (except SSAC). 

I-eDRX and PSM mode are not used for RRC_CONNECTED with a light RRC connection.

Annex B: Way Forward on Light Connection from endorsed RAN3 CR R3-163238
Agreements:

Introduce a new class2 message to carry forwarding GTP Tunnel info from the new eNB to the old eNB.

HeNB is not supported in Light connection for this release.

If S1 context fetch function is agreed, it will be introduced via a new procedure.

WA: MME is not aware of whether the UE is in light connected mode or not.
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