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1. Introduction
At RAN2#96 (November 2016), RAN2 sent LS [1] informing CT1 of RAN2’s agreements for their work on LTE light connection. The LS also included the endorsed corresponding stage 2 “running CR” to TS 36.300. 
RAN2 has since then been updating both the stage 2 “running CR” to TS 36.300, and the stage 3 “running CR” to TS 36.331 via email. At the time of writing this document, the latest versions of these CRs were, respectively, [2] and [3].

The purpose of this document is to analyse the NAS impacts of LTE light connection based on [1], [2] and [3], and to propose a way forward on how to progress the work on LTE light connection in CT1.
2. Discussion

2.1 Analysis of RAN2’s agreements 

RAN2’s agreements described in [1], [2] and [3] can be summarized as follows:

UE modelling
1) Model A-2 is adopted, which means the UE in light RRC connection state is:

· in RRC_CONNECTED with light RRC connection; and

· in EMM-CONNECTED from network and UE perspective (see [2] subclause 7.x)

It is currently FFS in [3] whether the NAS at the UE needs to be informed when the UE is light RRC connection (see subclause 4.3.1).
Analysis of NAS impacts #1:

If the NAS at the UE does not need to know when the UE goes in and out of light RRC connection, no change to the description of EMM-CONNECTED mode at the UE in TS 24.301 is needed. If the NAS at the UE needs to know, the notion of “EMM-CONNECTED mode with light RRC connection” needs to be introduced in TS 24.301.
2) RAN2 agreed to reuse the existing RRC resume mechanism and messages (including the network signal that allows different Msg3 sizes)
Analysis of NAS impacts #2:

If the NAS at the UE does not need to know when the UE goes in and out of light RRC connection, the RRC suspend/resume mechanism to put the UE in and out of RRC_CONNECTED mode with light RRC connection can be transparent to the NAS. If the NAS at the UE needs to know, transitions between EMM-CONNECTED mode, and EMM-CONNECTED mode with light RRC connection, need to be documented in TS 24.301. The triggers for these transition would need to come from RRC at the UE.
3) Access Barring for transition from RRC_CONNECTED with light connection to RRC-CONNECTED is not supported (except SSAC)
Analysis of NAS impacts #3:

Except for SSAC, Access Barring is currently not supported in EMM-CONNECTED mode. Consequently, RAN2’s agreement is aligned with the current state of the NAS specification and does not require any NAS specification change.

Procedures
4) As a baseline, idle mode features covered by TS 36.304 are applicable for UEs in RRC_CONNECTED with light RRC connection.

· Working assumption: The following features are applicable for lightly connected UEs:

(a) PLMN selection (including Background search for High Priority PLMN)

(b) Cell reselection to CSG

(d) Logged MDT

(f) DRX handling.

· I-eDRX and PSM mode are not used for light connected UEs

Analysis of NAS impacts #4:

· The RRC idle mode features covered by TS 36.304 that do not trigger any RRC procedure (e.g. cell selection/reselection) are transparent to the core network and have no NAS impacts

· The working assumption that the UE in light connection performs PLMN selection (see a) above) would have major NAS impacts, because the UE in light RRC connection mode is in EMM-CONNECTED mode, and in that mode per current NAS specification the UE does NOT perform PLMN selection (the procedures in TS 23.122 are only applicable in EMM-IDLE mode).

Additionally, the procedures at the UE and the network side in case the UE selects a new PLMN while in EMM-CONNECTED mode would need to be specified.

This aspect along with possible options are discussed in more details in section 2.2 of this document.

· Cell reselection to CSG while in EMM-CONNECTED mode (b) can be handled using X2-based handover procedures toward a CSG cell and does not require any updates to TS 24.301
· Logged MDT (d) and DRX handling (f) in EMM-CONNECTED mode do not require any updates to TS 24.301

· Idle mode eDRX and PSM are currently not applicable to UEs in EMM-CONNECTED mode, so RAN2’s agreement is aligned with the current state of TS 24.301

· Since the UE performs cell selection/reselection in light RRC connection, the UE may select a different RAT (GERAN or UTRAN) while in light RRC connection. The UE behaviour in that case needs to be defined. X2-based connected mode mobility is not possible, therefore it is proposed that if the UE selects/reselect a GERAN or UTRAN cell while in light RRC connection, it moves to EMM-IDLE mode, and deactivates ISR if ISR was activated.
This can be achieved without any NAS specification changes by having RRC indicate the release of the RRC connection to upper layers together with release cause ‘RRC connection failure’ upon selecting/reselecting a GERAN or UTRAN cell while in light RRC connection, given that per legacy NAS UE behaviour, this will cause the UE to perform a RAU and to deactivate ISR, see for instance TS 24.008 subclause 4.7.5.1:

The normal routing area updating procedure is initiated:
-     …

-     in Iu mode and A/Gb mode, after intersystem change from S1 mode, and the GMM receives an indication of "RRC connection failure" from lower layers due to lower layer failure while in S1 mode. In this case, if the TIN indicates "RAT-related TMSI", the MS shall set the TIN to "GUTI" before initiating the routing area updating procedure;
Proposal #1: Ask RAN2 to update TS 36.331 such that if the UE selects/reselects a GERAN or UTRAN cell while in RRC_CONNECTED with light RRC connection, RRC indicates the release of the RRC connection to upper layers together with release cause ‘RRC connection failure’.
5) Allow eNB prioritization based on the cause values of MO data, MO signaling, and MT access. FFS other values e.g. PAU (paging area update).
Analysis of NAS impacts #5:

Per [3] subclause 5.3.3.2a and 5.3.3.3a, the “resumeCause” value in the RRCConnectionResumeRequest message is set by RRC without any indication from NAS, so no NAS impacts are expected.


6) When RRC resume fails, the UE should enter RRC_IDLE and notify the higher layer about the failure. 

Analysis of NAS impacts #6:

[3] requires a different UE behaviour depending on whether the resumption failed due to T300 expiry or due to reject from the network:

· In case of T300 expiry, the UE shall indicate the release of the RRC connection to upper layers together with release cause ‘RRC connection failure’ (cf [3] subclause 5.3.3.6 and 5.3.12).

· In case of RRCConnectionReject, the UE shall “inform upper layers about the failure to resume the light RRC connection and that access barring for mobile originating calls, mobile originating signalling, mobile terminating access and except for NB-IoT for mobile originating CS fallback is applicable, upon which the procedure ends“(cf [3] subclause 5.3.3.8), but the UE stays in RRC_CONNECTED with light RRC connection (as there is no text indicating the UE is leaving RRC_CONNECTED)
RAN2’s proposed UE behaviour in case of T300 expiry during RRC light connection resumption is the same as the legacy behaviour during RRC connection re-establishment failure and could be handled by legacy NAS-level recovery.

RAN2’s proposed UE behaviour in [3] in case of RRCConnectionReject during light RRC connection resumption by which the UE stays in RRC_CONNECTED with light RRC connection is inconsistent with the RAN2 agreement in [1] which says that the UE should enter RRC_IDLE when RRC resume fails. Moving the UE to RRC_IDLE is preferable when the light RRC connection could not be resumed.
Proposal #2: Ask RAN2 to update TS 36.331 such that the UE leaves RRC_CONNECTED in case of RRCConnectionReject during light RRC connection resumption procedure.
Additionally, RAN2’s proposed UE behaviour in [3] in case of RRCConnectionReject during light RRC connection resumption requires NAS changes, since the NAS has to handle a new indication of “failure to resume the light RRC connection” from RRC. This new indication is necessary if NAS is expected to act on the “Extended wait time” and on the indication that access barring is applicable received from RRC while the UE is in light RRC connection, for the following reasons:

· currently per TS 24.301 subclause 5.3.1.2, the NAS will ignore any “Extended wait time” received from RRC if no attach, tracking area updating or service request procedure is ongoing:
If the UE receives the "Extended wait time" from the lower layers when no attach, tracking area updating or service request procedure is ongoing, the UE shall ignore the "Extended wait time".
· currently per TS 24.301, notification from RRC that access is barred due to rejection by the network is only taken into account in the attach, detach, tracking area updating and service request procedure abnormal case handling (see subclauses 5.5.1.2.6 bullet a), 5.5.2.2.4 bullet a), 5.5.3.2.6 bullet a) and 5.6.1.6 bullet a)). 

Consequently, TS 24.301 will need to be updated with the following changes:

· Upon receiving an “Extended wait time” from RRC with an indication of “failure to resume the light RRC connection”, the NAS at the UE shall enter EMM-IDLE mode and handle the received “Extended wait time” even if no attach, tracking area updating or service request procedure is ongoing.

· Upon receiving an indication of “failure to resume the light RRC connection” from RRC, the NAS at the UE shall enter EMM-IDLE mode and shall not initiate any new procedure for MO signalling, MO data or response to a page until the NAS is notified by RRC that access is granted.
Proposal #3: Update TS 24.301 with the following changes:

· Upon receiving an “Extended wait time” from RRC with an indication of “failure to resume the light RRC connection”, the NAS at the UE shall enter EMM-IDLDE mode and shall handle the received “Extended wait time” even if no attach, tracking area updating or service request procedure is ongoing.
· Upon receiving an indication of “failure to resume the light RRC connection” from RRC, the NAS at the UE shall enter EMM-IDLE mode and shall not initiate any new procedure for MO signalling, MO data or response to a page until the NAS is notified by RRC that access is granted.
Proposal #4: Communicate to RAN2 that the NAS at the UE needs to be informed of a failure to resume the light RRC connection due to RRCConnectionReject by the network.

7) Use resumeID for a UE in light connection to uniquely identify the UE and its "anchor eNB".
Analysis of NAS impacts #7:

No NAS impacts are expected.

8) Send msg.4 integrity protected (over SRB1) when successfully "resuming from light RRC connection (i.e. a valid UE AS context is found in the network).
Analysis of NAS impacts #8:

No NAS impacts are expected.

9) The RRCConnectionRelease message is used to get UE into light connection. The message contains the following new information:
(a) an indicator to light connection
(b) paging area configuration
(c) DRX cycle in RRCConnectionRelease message.

Analysis of NAS impacts #9:

No NAS impacts are expected.


10) The RRC Connection Resume procedure triggered by AS for PAU shall include additional indication for Paging Area Update
Analysis of NAS impacts #10:

No NAS impacts are expected.


RAN paging area

11) The configured RAN paging area will be one of the following options:

· A list of cells.

· Single cell.

· The same as CN Tracking Area.

· FFS: paging area which can be indicated by ID.

Analysis of NAS impacts #11:

No NAS impacts are expected.


Paging enhancement:
12) The UE ID (IMSI mod x) is used for PO/PF calculation in RAN-based paging.

Analysis of NAS impacts #12:

No CT1 NAS impacts are expected.
 However this will have some SA2 impacts since per current specification the IMSI is provided by the MME in the S1 paging request message, but the eNB does not know the IMSI of a UE when the UE connects to the eNB. Consequently to enable this RAN2 agreement, the MME would need to provide (IMSI mod x) to the eNB in S1-AP Initial Context Setup, UE Context Modification and Handover Request messages.
13) A single legacy RRC paging message is used to page UEs in idle mode and UEs in light connection (extension can be discussed).

Analysis of NAS impacts #13:

No CT1 NAS impacts are expected. However this may have some SA2 impacts if RAN paging follows the same equations as for CN paging, since the RAN would needs to be provided with the UE specific DRX value, which is currently provided in the S1 paging request message
2.2 Discussion on PLMN selection in RRC light connection 

2.2.1 Current specification of PLMN selection 
As described in section 2.1 of this document, RAN2 has a working assumption that PLMN selection is applicable to UEs in RRC light connection. 

However, PLMN selection as defined in TS 36.304 would not be consistent with the RAN2’s agreement that the UE in RRC light connection is in EMM-CONNECTED mode, as currently there is no autonomous UE PLMN selection while the UE is in EMM-CONNECTED mode. 

In fact, TS 36.304 mentions the following in subclause 5.1 “PLMN selection”:
In the UE, the AS shall report available PLMNs to the NAS on request from the NAS or autonomously.

During PLMN selection, based on the list of PLMN identities in priority order, the particular PLMN may be selected either automatically or manually. Each PLMN in the list of PLMN identities is identified by a 'PLMN identity'. In the system information on the broadcast channel, the UE can receive one or multiple 'PLMN identity' in a given cell. The result of the PLMN selection performed by NAS (see 3GPP TS 23.122 [5]) is an identifier of the selected PLMN.
After a PLMN is selected by NAS, the UE performs cell selection in the selected PLMN (or equivalent PLMNs). From TS 36.304 subclause 5.1.2.2:

Once the UE has selected a PLMN, the cell selection procedure shall be performed in order to select a suitable cell of that PLMN to camp on.
For the case of cell selection (and also cell reselection) the UE performs cell selection on the selected PLMN or equivalent PLMNs. From TS 36.304 subclause 5.2.1:

UE shall perform measurements for cell selection and reselection purposes as specified in [10].

The NAS can control the RAT(s) in which the cell selection should be performed, for instance by indicating RAT(s) associated with the selected PLMN, and by maintaining a list of forbidden registration area(s) and a list of equivalent PLMNs. The UE shall select a suitable cell based on idle mode measurements and cell selection criteria.
In conclusion: 

· The AS only provides a list of available PLMNs to NAS, the AS does not perform PLMN selection. 

· The PLMN selection is performed by the NAS, then the NAS provides the AS with the identifier of the selected PLMN.

· Only after the AS is provided with the identifier of the selected PLMN by NAS, can the AS perform cell selection/reselection for the newly selected PLMN (or equivalent PLMNs when available).

Based on the conclusions above, enabling PLMN selection in light RRC connection would require the NAS to perform PLMN selection in light RRC connection, which means the NAS would need to perform PLMN selection while the UE is in EMM-CONNECTED mode. However per the current procedures in TS 23.122, the NAS only performs PLMN selection in EMM-IDLE mode and would thus ignore the list of available PLMNs if provided by the AS. Therefore enabling PLMN selection in light RRC connection would require significant changes to TS 23.122.
2.2.2 Proposed way forward on PLMN selection and RRC light connection 
In order to ensure timely completion of the light connection feature in Rel-14 timeframe, it is desirable to minimize the NAS impacts whenever possible. The least impacting option is to align with the current state of TS 23.122 and to make PLMN selection not applicable in RRC light connection.
One potential drawback is that in case a VPLMN decides to keep the UE in RRC-CONNECTED with light RRC connection/EMM-CONNECTED mode instead of moving the UE to RRC_IDLE/EMM-IDLE mode, the UE will not perform higher priority PLMN search and may thus take longer to return to its HPLMN, should this HPLMN become available. However this can already happen today with the existing RRC_CONNECTED/EMM-CONNECTED mode.
One possible way to alleviate this is that the VPLMN does not enable RRC_CONNECTED with light RRC connection for roaming devices, based on roaming agreement with the HPLMN, local configuration, etc. This would need to be discussed by SA2. 

Proposal #5: Recommend that RAN2 make PLMN selection not applicable to UEs in light RRC connection for Rel-14. Ask SA2 to investigate ways to enable / disable light RRC connection for roaming devices in order to mitigate the effects of the lack of higher priority PLMN search for UEs in light RRC connection.
3. Proposal

Based on the discussion in the previous section, it is proposed to:
· Proposal #1: Ask RAN2 to update TS 36.331 such that if the UE selects/reselects a GERAN or UTRAN cell while in RRC_CONNECTED with light RRC connection, RRC indicates the release of the RRC connection to upper layers together with release cause ‘RRC connection failure’.

· Proposal #2: Ask RAN2 to update TS 36.331 such that the UE leaves RRC_CONNECTED in case of RRCConnectionReject during light RRC connection resumption procedure.
· Proposal #3: Update TS 24.301 with the following changes:

· Upon receiving an “Extended wait time” from RRC with an indication of “failure to resume the light RRC connection”, the NAS at the UE shall enter EMM-IDLE mode and shall handle the received “Extended wait time” even if no attach, tracking area updating or service request procedure is ongoing.
· Upon receiving an indication of “failure to resume the light RRC connection” from RRC, the NAS at the UE shall enter EMM-IDLE mode and shall not initiate any new procedure for MO signalling, MO data or response to a page until the NAS is notified by RRC that access is granted.
· Proposal #4: Communicate to RAN2 that the NAS at the UE needs to be informed of a failure to resume the light RRC connection due to RRCConnectionReject by the network.

· Proposal #5: Recommend that RAN2 make PLMN selection not applicable to UEs in light RRC connection for Rel-14. Ask SA2 to investigate ways to enable / disable light RRC connection for roaming devices to mitigate the effects of the lack of higher priority PLMN search for UEs in light RRC connection.
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