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1. Introduction
A Rel-14 CT WID LTE_LIGHT_CON-CT [1] was approved by CT#74 plenary at Dec. 2016 based on the identified potential NAS protocol impacts caused by the Light Connection feature.
This discussion paper attempts to provide more detailed technical analysis and evaluation on possible NAS protocol impacts on both the UE and the MME sides and propose some proposals to cover the required NAS protocol updates to progress CT1 work on Light Connection.

2. The current status of Light Connection in RAN
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 [2] and partly copied in Annex B from an endorsed RAN3 Way Forward in R3-163238 [3]).
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 NAS protocol 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 impacts on existing NAS protocols should be discussed and evaluated to make sure it can work well.

3.1. Possible impacts on UE side
Based on current RAN agreements on LC, there are several open issues at the UE side:
(1) What is the EMM state of a UE in LC mode?
RAN2 have endorsed that the RRC state of a UE in LC mode is in RRC_CONNECTED with a light RRC connection. This is a substate of RRC_CONNECTED and it keeps UE AS contexts (including the user plane radio bearer contexts and AS security contexts). RAN2 also endorsed to use a RRC connection suspending/resuming procedure to control the UE entering/exiting LC mode from/to RRC_CONNECTED.
About the EMM state of a UE in LC mode, CT1 has discussed two alternatives, i.e. EMM-IDLE and EMM-CONNECTED and identified that both ways have their pros. and cons. so there is no perfect choice. However, CT1 have to make a decision on this issue due to this is a baseline for all other open issues on LC. We have to select a better one between them. During the discussion in CT1#101 meeting, for the EMM-IDLE mode, one big drawback was identified on the security issues: the UE NAS will not cipher all initial NAS messages but the MME can only accept a ciphered NAS message for a connected UE. If going to the EMM-IDLE mode, CT1 need to break NAS security principle used since Rel-8. Hence, we would have:
Proposal #1: The EMM state of a UE in LC mode is EMM-CONNECTED mode.
(2) Whether some legacy idle mode NAS functions/procedures need to be performed by a UE in LC mode?

This is summarized in Table 1:
Table 1: Evaluation on legacy idle mode NAS functions/procedures for a UE in LC mode
	Legacy idle mode NAS functions/procedures
	Evaluation
	Need to be performed by a UE in LC mode?

	Attach/non-periodic TAU/Detach procedure
	· LC will not impact these initial NAS procedures
	Yes

	Periodic TAU and related timers (T3412)
	· Periodic TAU is mainly used for UE reachability management at the MME but this was moved to eNB for LC.

· A UE in LC mode will always stay in connected mode at the MME, the mobile reachable timer is not running in the MME and the MME does not expect any PTAU.

· We would assume SA2/RAN2 will specify a corresponding periodic update function on AS level which replaces the PTAU at NAS level.
	No

	Service Request procedures
	· The normal Service Request, Extended Service Request for packet services and CP Service Request is not required.
· Extended Service Request for MO CSFB/1x CSFB is always required.
	Yes for ESR message for MO CSFB/1x CSFB and No for all others

	PLMN selection
	· Currently the PLMN selection procedures defined in TS 23.122 are only applicable for UEs in idle mode.

· RAN2 endorsed the UE in LC mode will follow the legacy PLMN selection (including Background search for High Priority PLMN).

· RAN2 also endorsed the legacy cell reselection will be used for mobility for a UE in LC mode. It could happen a UE in LC mode moves out the current RPLMN and hence has to perform PLMN selection.

· Typically in the roaming cases, the PLMN selection should be performed.
	Yes

	Access control
	· RAN2 endorsed the UE in LC mode will not apply access control (e.g. ACB, EAB, ACDC) except SSAC.

· Following RAN2 endorsement, there is no need to provide call type, EAB indication and ACDC category information to the AS layer.

· It keeps the principle that a UE in connected mode will not apply access control.
	No

	ISR
	· CT1 has indicated ISR related impacts in the LS [4] sent to SA2, so SA2’s conclusion on this is expected.

· Even ISR is only used for inter-RAT idle mode mobility but actually it was activated by the MME/SGSN during the TAU/RAU procedure, i.e. the UE was in the connected mode. Hence, the MME can still activate ISR for a UE in LC mode.

· At least from CT1 perspective, for the MT-CSFB/MT-SMS/MT data over NAS, the MME will directly send them to the UE (actually buffered at eNB for RAN paging) but never get response from the UE due to the UE stays in 2G/3G and never be paged via RAN paging. This does disable the MT-CSFB/MT-SMS/MT data over NAS, which is unacceptable.
	Following SA2’s conclusion but tend to say No from CT1 perspective.

	PSM/eDRX
	· For a UE in LC mode, its lower layers still keep active and hard to see it is more power saving than PSM (in which UE’s lower layers are deactivated).

· For idle mode eDRX, currently the MME can only send the Paging eDRX Information to the eNB via S1-AP Paging (see TS 36.413) to enable eDRX paging at radio interface. For a UE in LC mode, no S1-AP Paging initiated and hence no chance for the MME to send the Paging eDRX Information to the eNB.

· RAN2 endorsed that PSM and idle mode eDRX are not used for a UE in LC mode.

· For some type of UEs, e.g. (e)MTC devices and NB-IoT devices, the power saving is a key requirement. For these UEs, if power saving and LC cannot co-exist, it is better to not use LC to enable power saving.
	No

For UEs intend to use power saving, LC is not used.


Based on Table 1, we would have:

Proposal #2: ISR is not activated when the MME decides LC can be used for the UE.

Proposal #3: For a UE intends to use power saving functions (i.e. PSM and eDRX), the LC will not be used.

Proposal #4: A UE in LC mode will follow the same PLMN selection procedures as defined in TS 23.122.
To enable Proposal #4, the UE NAS layer should be aware of whether the UE is in LC mode or not, hence, we would have:

Proposal #5: The UE NAS layer is aware of the UE in LC mode, i.e. the EMM state of a UE in LC mode is EMM-CONNECTED with LC indication.
(3) What is UE’s behaviour when a UE in LC mode moves to a 2G/3G cell?

From the endorsed RAN2 running CR R2-169180 [2], one can see the UE in LC mode will still perform the idle mode cell reselection (not handover) for mobility so the (P)MM state should be GPRS STANDBY/PMM-IDLE when the UE moves to a 2G/3G cell. Based on this, the UE will follow the legacy inter-RAT idle mode mobility procedures, e.g. RAU trigger. Hence we would have:
Proposal #6: The (P)MM state is GPRS STANDBY/PMM-IDLE when a UE in LC mode moves to a 2G/3G cell and the legacy inter-RAT idle mode mobility procedures, e.g. RAU, should be followed.

(4) What is UE’s behaviour when a UE in LC mode moves to an eNB no supporting LC?
It will be a very often case that a UE in LC mode moves from an eNB supporting LC to an eNB not supporting LC. Similar as above (3), the UE should fallback to the legacy EMM-IDLE mode in this case. Here a key questions is how does the UE know it has moved to an eNB not supporting LC? Considering UE’s behaviour are different between EMM-IDLE mode and LC mode, the UE NAS layer should know whether the current serving eNB support LC or not. One way to enable this is: the eNB supporting LC will broadcast its LC capability in the SIB and the UE AS layer reports this to the UE NAS layer. This requires RAN2 work on the SIB. Hence we would have:

Proposal #7: The UE falls back to EMM-IDLE mode when a UE in LC mode moves to an eNB no supporting LC and the UE NAS layer needs to know the current serving cell supports LC or not.
3.2. Possible impacts on MME side
A major impact on the MME is how to handle the RAN paging failure cases.
From below text copied from the Status Report to TSG on LC WID to RAN plenary#74 [5], one can see RAN is working on this failure case and the MME is involved.
"Open Issue5:  eNB handling of unreachable UE in case of RAN paging failure
· If the DL data or signalling arrives at the eNB for a light connected UE, in case the RAN based paging failed (e.g. poor radio, or power off, etc.), how to inform the Core Network that the UE is unreachable (e.g. in support of “Messages-Waiting” function in SMS)?

· Potential eNB handling is that the eNB triggers the S1 UE context release, and before that send NAS NON DELIVERY INDICATION to the MME if needed.
· To be continued."
Currently in TS 24.301, the failed delivery of DL NAS signalling due to lower layer failure is treated as an abnormal case, e.g. for the DL ESM signalling delivery, it specified:
"6.3.4
Abnormal cases in the network

The following abnormal case can be identified:

a)
Lower layer indication of non-delivered NAS PDU due to handover 


Unless the procedure descriptions in subclause 6.4, 6.5 or 6.6 specify a different behaviour, the following applies:


If the downlink ESM NAS message could not be delivered due to an intra MME handover and the target TA is included in the TAI list, then upon successful completion of the intra MME handover the MME shall retransmit the ESM message. If a failure of the handover procedure is reported by the lower layer and the S1 signalling connection exists, the MME shall retransmit the downlink ESM NAS message.

"
For MT-SMS delivery, it specified in:
"5.6.3.5
Abnormal cases on the network side

The following abnormal case can be identified:

a)
Lower layer indication of non-delivered NAS PDU

If the DOWNLINK NAS TRANSPORT message is not delivered for any reason, the MME may discard the message.
"
One can see there is no MME behaviour specified in RAN paging failure cases for a UE in LC mode. Several open issues:

(1) Whether the MME needs to initiate the legacy CN paging upon receipt of RAN paging failure indication (e.g. S1-release with a special cause value) from the eNB?

Considering MME holds the wider serving area than eNB, in case of RAN paging fails, it will have more chance for the MME initiated paging to page the UE. Typically, when a UE in LC mode moves out of the current Paging Area (e.g. a list of cells) and enters a serving area of an eNB no supporting LC but in the same TAI list, the MME initiated paging can make the UE reachable. Hence, for DL EMM/ESM signalling and DL data over NAS, we would have:
Proposal #8: Upon receipt of RAN paging failure indication from the eNB, for the DL EMM/ESM signalling and DL data over NAS, the MME may initiate the paging as legacy.
(2) For MT-SMS delivery, whether Proposal #8 can be used as well?
For MT-SMS delivery, the MME has to immediately respond the SGs Service Request message to the VLR upon receipt of SGs paging for a UE in connected mode. Upon receipt of RAN paging failure indication (e.g. S1-release with a special cause value) and non-delivered NAS PDU including MT-SM from the eNB before receiving acknowledge of the SMS from the UE, the UE moves to EMM-IDLE mode at CN and hence the MME can page the UE as legacy. In this case, the MME needs to buffer the MT-SM. Hereafter, the procedural handling of MT-SMS delivery for an idle mode UE can apply: (1) If the MME initiated paging succeeds, the buffered MT-SM will be delivered as legacy; (2) 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 23.040 and TS 23.272 can apply. Hence, Proposal #8 can be applied to MT-SMS delivery as well.

(3) For MT-CSFB delivery, whether Proposal #8 can be used as well?
Unlike MT-SMS delivery, for MT-CSFB, the MME can have a choice to NOT immediately respond the SGs Service Request message to the VLR upon receipt of SGs paging for a UE in connected mode. Note that if the MME immediately sends the SGs Service Request message to the VLR, the VLR may use it as a trigger to inform the calling party that the call is progressing (e.g. is alerting). However, if the MME has included the LC indication for a connected UE to the eNB, this UE maybe in LC mode and hence the UE reachability cannot be guaranteed then.
To avoid bad user experience for the calling user (i.e. always firstly be informed the called user is alerting and later be informed the called user is unreachable), the MME will not immediately respond the SGs Service Request message to the VLR upon receipt of SGs paging for a UE in LC mode until receiving UE’s feedback. Upon receipt of RAN paging failure indication (e.g. S1-release with a special cause value) and a non-delivered NAS PDU including the CS Service Notification message from the eNodeB before receiving ESR message from the UE, the UE moves to EMM-IDLE mode at CN and hence the MME can page the UE as legacy. Hereafter the existing MT-CSFB procedure for an idle mode UE can apply. In case of the 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. From this point, Proposal #8 can be used as well but need more action. Hence, we could have:

Proposal #9: If the MME has included the LC indication for a connected UE to the eNB, the MME will not immediately respond the SGs paging to the VLR but wait for UE’s feedback. Upon receipt of RAN paging failure indication from the eNB, the MME will initiate the paging as legacy.
4. Conclusion
This discussion paper provided detailed technical analysis and evaluation on possible NAS protocol impacts on both the UE and the MME sides and proposed some proposals to cover the required NAS protocol updates to progress CT1 work on Light Connection.
It proposes CT1 to discuss open issues for LC and proposals provided in this paper. CR C1-170200 for TS 24.301 covers proposals for LC.
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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.
[image: image1.png]



