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1. Introduction
The email discussion [96#66] extensively discussed on the open issues [1], based on the agreements reached in RAN2#96 [2]

 REF _Ref471414390 \w \h 
[3] (as referred in Annex). 

In this contribution, the remaining issues related to/out of the email discussion scope are discussed. 
2. Discussion 

2.1. S-TMSI reception in RAN-initiated paging message 

Discussion point 1 in [1] was that “During RAN2#96 meeting, it was agreed a working assumption that the "Resume ID will be used in the RAN initiated paging message. UE needs to check both the S-TMSI and Resume ID in the paging message. FFS: UE actions on reception of its S-TMSI". Please provide your view”. 
As stated in the current specification [4], the paging message is used for the UE to be informed of the paging information, SI change notification, ETWS/CMAS notifications, EAB parameter modifications and E-UTRAN inter-frequency redistribution triggering. The Uu paging messages for paging information and ETWS/CMAS notifications are normally triggered by S1 PAGING and S1 WRITE-REPLACE WARNING REQUEST [5] respectively, while one for the other purposes is initiated by the eNB. 
From the eNB’s perspective, S-TMSI is only provided within RRC Connection Request, RRC Connection Setup Complete [4] or S1 PAGING [5]. As informed by SA3, S-TSMI is frequently updated for security reason [6]. So, the eNB may not have the knowledge of current S-TSMI for a specific UE. 
Therefore, if the RAN-initiated paging message to the UE in Light Connection contains S-TMSI, the paging message is actually triggered by the MME, i.e., S1 PAGING. It could be considered as some sort of abnormal condition, e.g., RAN-initiated paging is unreachable for some reason and the (anchor) eNB asks the MME to initiate the legacy CN-controlled paging. 
So, before to discuss on “FFS: UE actions on reception of its S-TMSI” [3], it needs to be clarified whether and what the case that the UE receives its S-TMSI within RAN-initiated paging message is. 
Proposal 1 RAN2 should clarify whether and what the case that the UE receives its S-TMSI within RAN-initiated paging message is, if “FFS: UE actions on reception of its S-TMSI” needs to be identified. 
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Figure 1
 Existing messages containing S-TMSI

2.2. RAN paging area ID 
This is related to Discussion point 4 that “Should a new RAN-configured paging area identifier (ID) be considered as another option to define the RAN-configured paging area?” in [1], based on the FFS concluded in RAN2#96 [2]; 

	=>
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


These options, including the “RAN paging area ID”, could be considered as useful for different scenarios. For example, the network may use the “list of cells” if it needs flexible configurations for each UE, while the network may also use the “RAN paging area ID” when it wants to minimize the signalling overhead. So, it’s preferable to introduce one more option for RAN paging area configuration. 

Proposal 2 RAN2 should introduce the broadcasted RAN paging area ID. 
If Proposal 2 is agreeable, the question is whether multiple RAN paging area IDs is useful or not. For example, if the cell belongs to two RAN paging areas, e.g., a larger area and another smaller area, then the serving cell may select which RAN paging area is suitable for each UE, e.g., a high mobility UE may be configured with the larger area to avoid frequent notifications; or another stationary UE may be configured with the smaller area to reduce signalling overhead due to RAN paging.  As another example, if it’s assumed that only a single RAN paging area ID can be broadcasted per cell, it should still be possible to configure the UE with multiple RAN paging area IDs, so that effectively the UE's RAN paging area is the combination of all the individual areas. In both cases, UEs may be configured with different sizes of RAN paging area if needed.  So, it’s worth discussing whether or not to allow multiple RAN paging area IDs to be broadcasted and/or configured. 
Proposal 3 RAN2 should discuss whether to allow multiple RAN paging area IDs (to be broadcasted and/or configured). 
If it’s decided that a single RAN paging area ID is only broadcasted and configured, i.e., Proposal 3 is not agreeable, it’s not necessary to explicitly configure the UE with RAN paging area ID when it enters Light Connection, since it’s obvious the RAN paging area ID to be configured is the same as the one broadcasted by the anchor eNB that sends the UE to Light Connection. Otherwise, some ping-ponging may be of concern, e.g., if different RAN paging area ID from one broadcasted is configured to the UE then it should return to RRC Connected immediately to send the notification. So, RAN-PagingAreaInfo-r14 in the running CR of TS36.331 [4] should contain an indication, e.g., “ran-pagingAreaId” defined as ENUMERATED {true}, rather than the ID itself. 
Proposal 4 If a cell can only broadcast a single RAN paging area ID, the UE will implicitly use RAN paging area ID broadcasted by the “anchor eNB” that triggers the UE to go to Light Connection, without the explicit configuration of the RAN paging area ID.  
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Figure 2
 Multiple RAN paging area ID

2.3. Interaction with NAS 
Discussion point 8 that “Does the UE NAS need to be aware when the UE is in light RRC connection? please justify your response” seems to imply the possibility of some additional interaction between NAS and AS. 
RAN2 agreed to go with Modelling A-2 [2], i.e., RRC Connected-based model, which is beneficial in order to avoid the ECM state mismatch between the MME and the UE, i.e., to stay in ECM Connected. So, it could be assumed that NAS may just perform ECM Connected procedures as it is today, during the UE in Light Connection. In other words, Light Connection may be transparent from NAS’s perspective. For example, when NAS signalling occurs, AS can initiate RRC Connection Resume procedure to return to the “full” RRC Connected state. 
Observation 1 As the baseline, Light Connection is transparent from NAS’s perspective. 
However, there could be some abnormal case, such as the case when RRC Connection Resume procedure fails, i.e., when the UE receives RRC Connection Reject [4]. It could be seen as “RRC Connection failure” condition from NAS’s perspective, since it’s just an error in AS. It seems well aligned with the information from CT1 that “Since Rel-8, CT1 has below TAU trigger (in TS 24.301, subclause 5.3.1.3) to re-establish the RRC connection for the UE in the EMM-CONNECTED mode based on the "RRC Connection failure" indication from the AS layer” [7]. 

Considering the information that “CT1 needs more time to study in detail how to implement the fallback to RRC Connection establishment in the case of modelling A, but for the above reasons CT1 assume that the fallback will require an explicit interaction between AS and NAS. So it will probably be more similar to the above TAU trigger or a similar trigger for a service request specified in the current CT1 specification.” [6], RAN2 should not specify additional functionality for a similar mechanism, i.e., AS should just consider and inform “RRC Connection failure” upon reception of RRC Connection Reject during the transition from Light Connection to RRC Connected. 
Proposal 5 RAN2 should agree that AS informs NAS of “RRC Connection failure” when the UE fails to get back from Light Connection to “full” RRC Connected. 
2.4. Light Connection support indication 
Discussion point 9 in [1] was that “Does the eNB need to broadcast a light RRC connection? please justify your response.”, since it’s still FFS that “UE should know whether a UE lightly connected function is supported or not in the cell.” [8] 

It may be assumed that the UE in Light Connection is “Performing cell reselection based mobility, the same cell reselection mechanism in RRC IDLE” [9], as long as all the eNBs in a network support the return from Light Connection to RRC Connected.  On the other hand, although It might be up to NW implementation, Rel-13 didn’t assume all eNBs in a network supports the new features, so indications are provided to inform the UE whether each new feature is allowed to be initiated, e.g., eDRX-Allowed for eDRX, voiceServiceCauseIndication for VoLTE Establishment Cause, up-CIoT-EPS-Optimisation and cp-CIoT-EPS-Optimisation for RRC Connection Resume and data over NAS respectively [4]. 

There are two possible cases whereby the UE may initiate the RRC Connection Resume during in Light Connection, i.e., for return to “full” RRC Connected and for RAN paging area update (PAU). The former case may not be possible if RAN paging area does not include the cells which don’t support Light Connection, but the latter case is still problematic. The UE would initiate a special RRC Connection Resume procedure for PAU whenever it enters a cell outside of the RAN paging area, i.e., “RRC Connection Resume procedure triggered by AS for PAU shall include additional indication for PAU” [2], but still the UE does not know whether the cell is acceptable to receive the PAU procedure or not.  So, the UE should be informed in SIB whether the cell supports Light Connection or not. 
Proposal 6 RAN2 should introduce an indication in SIB2 if the cell supports Light Connection, i.e., if the UE is allowed to send an RRC Connection Resume Request while it is in Light Connection. 
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Figure 3
 Example of problematic situation
If Proposal 6 is agreeable, the question is how the UE in Light Connection should behave when it enters the cell belonging to such an eNB, since the UE may become unreachable from RAN-initiated paging for MT call and/or may not initiate RRC Connection Resume for MO call. 
One of the possible solutions could be considered from the perspective of the cell reselection procedure. For example, the UE may prioritize the cell supporting Light Connection, whereby the cell may be determined by e.g., the configured RAN paging area (with the list of cells) or the SIB indication (Proposal 6). This enhancement is expected to avoid the problematic condition as much as possible, e.g., in case that only one frequency layer does not support Light Connection.  So, the UE should be allowed to prioritize the cell supporting Light Connection, in the cell reselection during in Light Connection. 
Proposal 7 RAN2 should agree that the UE is allowed to prioritize the cell supporting Light Connection in the cell reselection procedure. 
Even if Proposal 7 is applicable, it’s still possible that the UE in Light Connection eventually reselects the cell which does not support Light Connection, e.g., since no cell supporting Light Connection can be found where the UE’s located.  In this case, the UE in Light Connection should autonomously transition to RRC IDLE, and possibly AS informs NAS of “RRC Connection failure” to trigger the NAS Recovery, similar to the failure case discussed in section 2.3.  In addition, it should also be discussed when the UE needs to transition to IDLE, i.e., whether immediately or only upon MO signalling/data happens or MT access received. 
· Option 1: Transition to IDLE immediately whenever the UE enters the cell not supporting Light Connection: 

· Pros: It’s the simplest behaviour, from the UE’s point of view. 
· Cons:  The opportunity for staying in Light Connection may be minimized; therefore, the additional signalling, to transition from IDLE to RRC Connected and also for NAS Recovery, is required whenever the UE goes through the cell not supporting Light Connection. 
· Option 2: Transition to IDLE only when MO/MT call occurs in the cell not supporting Light Connection: 
· Pros: The UE may continue to stay in Light Connection unless MO/MT call occurs in a cell not supporting Light Connection. 
· Cons: The UE in Light Connection needs to monitor the legacy paging, i.e., IMSI or S-TMSI in the paging message, as in IDLE. 
Alternatively, it may also be possible that actions may be taken prior to cell reselection, as follows; 

· Option 3: Initiate RRC Connection Resume before it reselects a cell not supporting Light Connection: 

· Pros: The (anchor) eNB controls the UE’s transition of RRC states. It’s also expected to minimize the latency for call re-setup, comparing to the other options. Additionally, the (anchor) eNB may determine the necessity of the UE context (i.e., either remove the context or transfer the context). 
· Cons: The duration in Light Connection may be shortened, similar to Option 1. Some additional standardization effort may be necessary, e.g., the serving cell may provide the list of neighbouring cells not supporting Light Connection and the UE may need to inform the eNB when it is about to reselect to a cell not supporting Light Connection using the RRC Resume procedure etc. 
Considering the objective of this WI [11], Option 2 is preferable for signalling reduction. 

Proposal 8 RAN2 should agree that the UE in Light Connection should transition to IDLE (and/or AS informs NAS of “RRC Connection failure”) when MO/MT call occurs, when it’s in a cell not supporting Light Connection. 
Although it’s not a problem with Option 3, for Options 1 and 2 it needs to be assumed that some sort of “fallback” mechanism of RAN-initiated paging in the NW, e.g., the “anchor eNB” asks the MME to initiate S1 PAGING when it notices RAN-initiated paging to the UE is unreachable, since the eNB does not support Light Connection. 
Proposal 9 RAN2 should discuss whether the “fallback” mechanism to the legacy paging is necessary. 
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Figure 4
 Options of UE behaviour for cell not supporting Light Connection

2.5. Paging occasion (IMSI mod x) 
It was agreed that “The UE ID (IMSI mod x) is used for PO/PF calculation in RAN-based paging” in RAN2#96 [2]. However, it’s still unclear how the eNB knows the IMSI of a specific UE in Light Connection, in order to determine the PF/PO of the UE. Currently it can be known when the eNB receives S1 PAGING, i.e., “(Extended) UE Identity Index Value“ [5] which is UE_ID, i.e., IMSI mod 1024 or 4096 [12]. However, it’s somewhat strange that the eNB has to request the MME to send the message whenever the eNB wants to send RAN-initiated paging to the UE in Light Connection. 
Observation 2 It’s still unclear how the eNB determines PF/PO of the UE in Light Connection. 
Three alternatives may be considered as follows; 
· Alternative 1: The eNB obtains “UE Identity Index Value“ from the MME when it transitions the UE to enter Light Connection. 

· Alternative 2: The UE informs the eNB of either its IMSI or UE_ID. 
· Alternative 3: The eNB comprehends the UE’s IMSI within NAS PDU, e.g., ATTACH REQUEST [10]. 

Alternative 1 is similar to the current concept, i.e., “(Extended) UE Identity Index Value“ is managed and provided by the MME. However, it’s somewhat in conflict with the WI objective that “Signalling reduction to CN over S1 interface due to mobility and state transitions by hiding them from CN” [11], and also it requires additional standardization efforts in other WG(s). 
Alternative 2 may be decided within RAN2, but the issue is which message should convey the information. Usually, it may be natural to inform of IMSI or UE_ID when the UE enters Light Connection, i.e., to use “Complete” message, but it’s already agreed to go with RRC Connection Release procedure [2] which does not have a corresponding response message [4].  Another possibility is to use UE Information procedure or UE Capability Transfer procedure [4], but it requires that the eNB always send Request/Enquiry to get the information. 
Alternative 3 relies on implementation, so a minimum impact on the specifications is expected. However, it’s unclear if such an implementation is acceptable, i.e., cross-layer interaction. 
Although these alternatives have pros and cons, Alternative 2 may be preferable in order to complete the WI by the deadline. 
Proposal 10 RAN2 should agree that the UE may inform the eNB of either its IMSI or UE_ID, in order for the eNB to determine the PF/PO. 
Proposal 11 RAN2 should discuss which message is used for the information transfer. 
Additionally, it’s necessary for the “anchor” eNB to transfer the IMSI, UE_ID or “UE Identity Index Value“ to the other eNB, if an MT call occurs while the UE is on another eNB’s coverage, e.g., via “X2 PAGING”. 
Observation 3 The IMSI or UE_ID needs to be transferred from the “anchor” eNB to the other eNB during RAN initiated paging process. 
2.6. Awareness of data inactivity during RRC Connected 

Since it is assumed that “A UE enters into "lightly connected" by RRC signalling” [9], the serving cell will need to determine when to trigger the UE to enter Light Connection.  One of the possible implementations is for the serving cell to monitor the traffic behaviour and trigger the UE to enter Light Connection due to the UE’s inactivity for a period of time [12]. Since this mechanism relies on the expected traffic behaviour, if the estimation of the expected traffic is inaccurate then the signalling overhead may actually increase, e.g., due to frequent transitions between Light Connection and RRC Connected, or the chance to entering Light Connection is missed. While the expected MTC-type traffic can be easily estimated, LTE-type traffic, esp. smartphone’s traffic behaviour, may not be as easy for the NW to predict. Therefore, it may be necessary for the UE to provide some assistance information since the UE has a better knowledge/control of its traffic behaviour.  So, it’s worth considering whether the serving cell may configure the UE to provide certain assistance information to allow the eNB to make a better decision to trigger the UE to Light Connection. 

Proposal 12 RAN2 should discuss whether the serving cell may configure the UE to provide assistance information to allow the eNB to make a better decision on when to trigger the UE to enter Light Connection. 

If Proposal 12 is agreeable, the assistance information may have some similarity to the existing Power Preference Indicator (PPI) and/or MBMS Interest Indication (MII) [4]. With PPI, the UE may inform of lowPowerConsumption when its power consumption is preferred to be optimized by e.g., longer DRX cycle. The MII was used to inform of the MBMS frequencies of interest and the priority between Unicast and MBMS e.g., when the handover to the frequency is preferred. In this case, the UE may inform the serving cell when it is appropriate for the UE to enter Light Connection; in other words, the UE may send the assistance information when the data transmission/reception has been or will be inactive within a certain duration. The details and necessity of any additional assistance are FFS, e.g., UE’s expected inactive time. 

Proposal 13 RAN2 should consider if the UE should send the assistance information upon data inactivity. 

3. Conclusion 
In this contribution, the remaining issues of Light Connection are identified and also the solutions for each issue are also discussed.  RAN2 is kindly asked to take into account the observations and proposals below: 
Proposal 1
RAN2 should clarify whether and what the case that the UE receives its S-TMSI within RAN-initiated paging message is, if “FFS: UE actions on reception of its S-TMSI” needs to be identified.
Proposal 2
RAN2 should introduce the broadcasted RAN paging area ID.
Proposal 3
RAN2 should discuss whether to allow multiple RAN paging area IDs (to be broadcasted and/or configured).
Proposal 4
If a cell can only broadcast a single RAN paging area ID, the UE will implicitly use RAN paging area ID broadcasted by the “anchor eNB” that triggers the UE to go to Light Connection, without the explicit configuration of the RAN paging area ID.
Observation 1
As the baseline, Light Connection is transparent from NAS’s perspective.
Proposal 5
RAN2 should agree that AS informs NAS of “RRC Connection failure” when the UE fails to get back from Light Connection to “full” RRC Connected.
Proposal 6
RAN2 should introduce an indication in SIB2 if the cell supports Light Connection, i.e., if the UE is allowed to send an RRC Connection Resume Request while it is in Light Connection.
Proposal 7
RAN2 should agree that the UE is allowed to prioritize the cell supporting Light Connection in the cell reselection procedure. 
Proposal 8
RAN2 should agree that the UE in Light Connection should transition to IDLE (and/or AS informs NAS of “RRC Connection failure”) when MO/MT call occurs, when it’s in a cell not supporting Light Connection.
Proposal 9
RAN2 should discuss whether the “fallback” mechanism to the legacy paging is necessary. 
Observation 2
It’s still unclear how the eNB determines PF/PO of the UE in Light Connection.
Proposal 10
RAN2 should agree that the UE may inform the eNB of either its IMSI or UE_ID, in order for the eNB to determine the PF/PO.
Proposal 11
RAN2 should discuss which message is used for the information transfer.
Observation 3
The IMSI or UE_ID needs to be transferred from the “anchor” eNB to the other eNB during RAN initiated paging process.
Proposal 12
RAN2 should discuss whether the serving cell may configure the UE to provide assistance information to allow the eNB to make a better decision on when to trigger the UE to enter Light Connection.
Proposal 13
RAN2 should consider if the UE should send the assistance information upon data inactivity.


4. Annex

The agreements are summarized as follows [2]

 REF _Ref471414390 \w \h 
[3]; 

	Agreements

1
As a baseline, idle mode features covered by TS 36.304 are applicable for UEs in RRC_CONNECTED with light RRC connection.

2
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 and (f) DRX handling.

2.1
I-eDRX and PSM mode are not used for light connected UEs

3
To 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).

4
When RRC resume fails, the UE should enter RRC idle and notify higher layer about the failure.

5
To use resumeID for a UE in light connection to uniquely identify the UE and its "anchor eNB".


	Agreements:

1
To 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).

2
RRCConnectionRelease is used to get UE into light connection.

2.1
To define the following new information: (a) an indicator to light connection, (b) paging area configuration and (c) DRX cycle in RRCConnectionRelease.


	=>
Access Barring for transition from light connected to normal connected mode is not supported except SSAC.

=>
Model A-2 (RRC_CONNECTED with light RRC connection & resume procedure) is adopted.


	Agreements:

1
Reuse the existing RRC resume mechanism and message here the network signal the allowed Msg3 size


	Agreements:

1
RRC Connection Resume procedure triggered by AS for PAU shall include additional indication for PAU.


	=>
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


	Agreements

1
The UE ID (IMSI mod x) is used for PO/PF calculation in RAN-based paging.

2.
A single legacy RRC paging message is used to page UEs in idle mode and UEs in light connection (extension can be discussed).


	=>
Working assumption: Resume ID will be used in the RAN initiated paging messge. UE needs to check both the S-TMSI and Resume ID in the paging message.

FFS: UE actions on reception of its S-TMSI
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