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1. Introduction

In CT1#100, CT1 received an LS (C1-164472) from RAN2 related to the work on Light Connection (WI LTE_LIGHT_CON-Core) where questions on NAS impact were asked. Subsequently, during CT1 #101, CT1 received another LS (C1-165400) from RAN2 regarding progress on this topic and an initial set of RAN2 agreements. This paper discusses these latest agreements and evaluates corresponding NAS aspects and highlights some open points for consideration of RAN2.
One of the questions that has previously come up in CT1 is the motivation for this WI and the potential benefits. The main objective of this WI is to to reduce the signalling overhead (on radio and network interfaces), while improving the UE's access latency and UE power consumption for all device types. The signaling reduction optimizations are due to handover optimizations considering UE centric mobility, paging optimizations considering limiting the paging transmission within a more limited area and reduced CN signaling over S1 due to mobility and state transitions by making them transparent to CN. Please refer to RP-160301 and RP-160425 in this regard for further details.
2 RAN Agreements
The LS (C1-165400) describes the RAN2 agreements. 
From a UE modelling perspective RAN2 has made the decision to adopt Model A-2 (RRC_CONNECTED with light RRC connection & resume procedure) and reuse the existing RRC resume mechanism and messages. 

For the UE state transition from RRC_CONNECTED to RRC_CONNECTED with a light RRC connection, the eNB uses RRCConnectionRelease message along with an indication (rrc-LightConnectionIndication) to enter into light RRC connection, as captured in the running CR to TS 36.331 in the email discussion [96#25]. Upon entering into light RRC connection the UE behaves in a similar manner as compared to Rel-13 UP CIoT optimization. All the SRBs and DRBs are suspended and the UE performs idle mode procedures and the UE AS context is stored. When the UE is in light connection, RAN initiated paging mechanism is used (i.e. when the eNB receives any DL user data or signaling for this UE, the eNB triggers paging to this UE via RRC and, if needed, via X2). The UE gets back to be connected to the eNB when it is paged (via RAN initiated paging) or when any MO data/signalling transfer is initiated. Moreover the PO/PF and paging messages checked by the UE during the RAN-initiated paging are the same as via legacy paging procedure, which is initiated by the MME. For the UE state transition from RRC_CONNECTED with a light connection to the RRC_CONNECTED, the UE initiates the RRC Connection Resumption procedure of light RRC connection.

3 Discussion of NAS Impacts
The following are some of the NAS impacts and open issues in light of the above RAN agreements.
3.1 Does the UE NAS need to be aware of the "light connection" state?
Based on the RAN2 choice of Model A-2 (RRC_CONNECTED with light RRC connection & resume procedure), from NAS perspective the UE would be in "EMM-CONNECTED mode with light connection". It needs to be analysed whether the UE behaviour in "EMM-CONNECTED mode with light connection" is different from the UE behaviour in (legacy) EMM-CONNECTED mode so that the UE NAS would need to be aware of when the UE is in light connection state.

For example, it is foreseen that the legacy idle mode procedures such as PLMN selection (including Background search for high priority PLMN), etc. would now be applicable in EMM-CONNECTED mode with a light connection (see item 3.5.b below). 
Furthermore, so far a UE in EMM-CONNECTED mode could move to another cell only via network-controlled PS handover, but not via UE-controlled cell re-selection. This may have an impact on the UE behaviour, e.g. if the cell change triggers a TAU procedure (see item 3.7 below).
3.2 Ciphering of the first NAS message
For light connection, since the MME is in EMM Connected mode, it will only accept ciphered messages (the only exception being Attach Request/TAU Request). This is different from the Rel-13 Suspend/Resume, where the MME is in EMM Idle mode and consequently expects the first NAS message unciphered. As an example, Detach Request needs to be sent unciphered for Rel-13 Resume, but needs to be ciphered for light connection. If we assume that the UE in RRC_CONNECTED with light RRC connection is in EMM-CONNECTED mode (without "light connection" indication), then the UE will automatically apply ciphering as required. If further analysis in CT1 comes to the conclusion that an EMM-CONNECTED mode with "light connection" indication is needed, then the rules for ciphering need to follow those for the EMM-CONNECTED mode without "light connection" indication, not those for the Rel-13 EMM-IDLE mode with suspend indication.
Note that due to this difference in the ciphering, it is not possible to re-use the "fallback" mechanism specified for the Rel-13 Resume procedure – where the eNB responds to the Resume Request with an RRC Connection Setup instead of a Resume message, and the UE in turn replies with an RRC Connection Setup Complete including the - unciphered - NAS message provided by NAS. Instead of this Rel-13 "fallback", AS would need to inform NAS about the absence of an RRC connection so that NAS can trigger the necessary actions (details of this indication from AS to NAS are ffs). E.g. if NAS originally intended to send a ciphered Detach Request, NAS would need to request AS to establish an RRC connection and send an unciphered Detach Request as initial NAS message, whereas, if NAS originally intended to send a ciphered session management message, it would now need to initiate a service request procedure and subsequently send the session management message. 
Observation 1: If UE NAS needs to be aware of when the UE is in light connection state, then the rules for the ciphering of UL signalling messages in this new EMM-CONNECTED with light connection state are the same as for EMM-CONNECTED. The "fallback" mechanism which is part of the Rel-13 Resume procedure cannot be re-used without modifications.
3.3 Applicability of RRC establishment cause values when resuming from Light Connected state

RAN2 has currently agreed to MO data/signaling and MT calls as resume cause values when resuming from Light Connected state. However there may be a need to consider other cause values when resuming from Light Connected state, e.g. highPriorityAccess, emergency, exceptionData (for NB-IoT) and/or delayTolerantAccess. In these cases, the UE NAS would need to notify the UE AS of the establishment cause/call type. 
In our understanding, it is essential to be able to differentiate the access with highPriorityAccess or emergency from other accesses.

The highPriorityAccess is a characteristics of the device that does not change often, and it would be preferable if the access of high priority UEs are still differentiated while in Light connection. 
If the UE already has an emergency PDN connection, it is not clear if the UE should go to Light connection state. However, there is a use case, where a UE in the Light connection state establishes an emergency PDN connection in order to setup an IMS emergency call. For this case, the UE NAS can provide this information to AS when resuming from light RRC connection. Hence RAN2 should add support for emergency as additional resume cause value when resuming from Light Connection state. 
Observation 2: RAN2 should add support for highPriorityAccess and emergency as additional resume cause value when resuming from light connection at RRC level.
3.4 Applicability of access Control mechanism
UE in light connection does not perform access control mechanisms (e.g. ACB, ACDC, EAB) except for legacy SSAC (Service specific access control). This is because SSAC is handled by higher layers and is transparent for RRC Connected. This is in line with current NAS specifications and does not require any changes.
3.5 Applicability of idle mode procedures in Light Connection
a] RAN2 has clarified that PSM and I-eDRX are not applicable while in Light Connection, as the UE is considered connected. This is in line with current NAS specification and no changes are required.

b] RAN2 has made working assumption that PLMN Selection (including Background search for High Priority PLMN) is applicable for light connection. The UE should be able to trigger cell changes in different PLMN (even though the UE is in RRC_CONNECTED w/ light connection indication).
This can be solved similar to UTRAN (i.e. specify in TS 36.331 and TS 23.122 that UE can perform Idle mode procedures in E-UTRA RRC Connected with light connection). In TS 25.331 the background search is described as follows:
7.2.2.1
URA_PCH or CELL_PCH state

In the URA_PCH or CELL_PCH state the UE shall perform the following actions:

NOTE:
… 
1>
if the UE is "in service area":

2>
maintain up-to-date system information as broadcast by the serving cell as specified in the subclause 8.1.1;

2>
perform cell reselection process as specified in [4];

2>
perform a periodic search for higher priority PLMNs as specified in [25], unless the UE is receiving MBMS services via p-t-m radio bearers;

NOTE:
If the DRX cycle length is 80ms, then a search for higher priority PLMNs may not identify all the available PLMNs due to the paging occasion on the current serving cell coinciding with the MIB of the cell of interest.
…

In CT1 a sentence was added to the scope of TS 23.122:

· The conditions when the idle mode functions are performed by an MS in the UTRA RRC connected mode states are specified in 3GPP TS 25.331 [33].

The “logic” for NAS in UTRAN is now that when the AS provides a list of available PLMNs (i.e. available for PLMN selection) and NAS is in PMM-Connected mode, then AS has to be in one of those RRC Connected states in which it can do cell re-selection (i.e. more precisely in Cell_PCH or URA_PCH, but not in Cell_DCH). So NAS can ask AS to re-select to a cell of the other PLMN without any problem. From UTRAN’s point of view this change to the other PLMN will look like a cell re-selection.

It seems the same reasoning can be applied to E-UTRAN for a UE in RRC Lightly Connected, i.e. PLMN search needs to be added as a new task, but there also needs to be a check whether there can be a similar collision between paging in the own cell and the MIB of neighbour cells.
Note that according to this reasoning, for the Background search for High Priority PLMN in EMM-CONNECTED mode the UE does not need to know whether it is in "legacy" EMM-CONNECTED mode or in EMM-CONNECTED mode with light connection. It only needs to be prepared to receive a list of available PLMNs and to react on this list also while in EMM-CONNECTED mode.
Observation 3: Idle mode procedures in light connection may have impact on PLMN selection, especially for Background search for High Priority PLMN. We expect that this can be handled in CT1 specifications with a minor impact similar to the way it was handled for UTRAN (by referencing from TS 23.122 to AS specs for the conditions when idle mode functions are applicable to E-UTRA RRC connected mode).
3.6 Handling failure of resumption of light connection, when RRC resume fails
The failure to resume from light connection can be due to T300 expiry or due to cell reselection and T300 is running). The UE AS informs upper layers about a failure of the resumption of the light RRC connection and the UE enters RRC_IDLE. This can be handled by current NAS specifications.
3.7 Handling TAU initiated in Connected Mode
In a number of places, TS 24.301 uses conditions like "if TAU is initiated in EMM-Idle mode" or "if TAU is initiated in EMM-Connected mode", where the latter is referring to the situation when TAU is initiated after a PS HOV. These places need to be checked, whether a rewording is needed to discriminate between "TAU after PS HOV" and "TAU after cell reselection in light connection state".                                                                                                           

E.g. in TS 24.301, 5.5.3.1, General, there is a requirement:

"In a shared network, if TRACKING AREA UPDATE REJECT is received as a response to a tracking area update procedure initiated in EMM-CONNECTED mode, the UE need not update forbidden lists". 

which was added, because in the specific situation of a PS HOV to a shared network cell the UE does not know the PLMN ID of the cell selected by the core network until the UE receives a TAU ACCEPT message; therefore it does not know which PLMN ID or tracking area identity to add to one of the forbidden lists (please also refer to (CR 24.301-1528r1). If the shared network cell was selected by the UE via cell re-selection then this argument does not hold any longer.
So we expect that in this subclause and in other places, changes will be required to TS 24.301. And in order to be able to discriminate between the 2 cases "TAU after PS HOV" and "TAU after cell reselection in light connection state", either AS needs inform NAS whether a TAI change is the result of a PS HOV (RRC state RRC_Connected) or of a cell re-selection (RRC state RRC_Connected with light connection), or AS needs to inform NAS each time the RRC state is changing between RRC_Connected and RRC_Connected with light connection.
Observation 4: Parts of TS 24.301 dealing with conditions like "if TAU is initiated… " will need to be closely examined.
3.8 Is Periodic TAU functionality still needed, either on NAS level or on RRC level

As an example consider an error case where the eNB needs to release the S1 connection, and the MME restarts the Mobile Reachable timer. There is a risk for the UE to get implicitly detached, as it assumes to be still in light connection and does not initiate periodic TAU. This risk could be avoided, if UE performs periodic update on RRC level with periodic update timer smaller or equal to the periodic TAU timer.

Observation 5: The risk of UE getting implicitly detached when MME restarts the mobile reachable timer can be avoided if UE performs periodic update at RRC level with periodic update timer smaller or equal to the periodic TAU timer.
3. Conclusion and proposed way forward
CT1 is encouraged to discuss the issue presented in this discussion paper, and to provide guidance to RAN2 from a NAS perspective on the listed observations. RAN3 has also been discussing Light Connection (please see R3-163238) and there may be some NAS impacts because of that as well. The main NAS impacts are captured in the below observations, though there may be few more beyond these. If these impacts are agreeable as way forward the authors are happy to work with interested parties and plan to bring CRs for these updates in next meeting. 

Observation 1: If UE NAS needs to be aware of when the UE is in light connection state, then the rules for the ciphering of UL signalling messages in this new EMM-CONNECTED with light connection state are the same as for EMM-CONNECTED. The "fallback" mechanism which is part of the Rel-13 Resume procedure cannot be re-used without modifications.

Observation 2: RAN2 should add support for highPriorityAccess and emergency as additional resume cause value when resuming from light connection at RRC level.
Observation 3: Idle mode procedures in light connection may have impact on PLMN selection, especially for Background search for High Priority PLMN. We expect that this can be handled in CT1 specifications with a minor impact similar to the way it was handled for UTRAN (by referencing from TS 23.122 to AS specs for the conditions when idle mode functions are applicable to E-UTRA RRC connected mode).
Observation 4: Parts of TS 24.301 dealing with conditions like "if TAU is initiated… ", would need to be closely examined.
Observation 5: The risk of UE getting implicitly detached when MME restarts the mobile reachable timer can be avoided if UE performs periodic update at RRC level with periodic update timer smaller or equal to the periodic TAU timer.
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