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1 Introduction

The Work Item on Signalling reduction to enable light connection for LTE was approved at RAN#71 [1]. In the last RAN2 meeting some agreements have been made about RAN initiated paging. However, there are still some open issues, for example RRC and ECM state, ACB control in Light Connection and so on.
In this contribution, we will further discuss the open issues in Light Connection.
2 Discussion 
2.1 ECM state for lightly connected UE
As agreed in last RAN2 meeting, “the ECM state is ECM-CONNECTED, from perspective of network. From UE perspective the state is FFS.”
In principle, we shall keep NAS state consistency in UE and MME. Potential issues caused by NAS state inconsistency in UE and MME are observed as follows:
· Issue for Periodic tracking area update
Periodic tracking area update is only triggered in ECM-IDLE. If the UE is in ECM-IDLE while the network is in ECM-CONNECTED, the network may receive periodic tracking area update in ECM-Connected and the network behaviour is unspecified in such case. Furthermore, periodic tracking area update will cause additional signalling cost, especially in the scenario where anchor eNB relocation is required to transfer the Tracking Area Update message.
· Issue for Power Saving Mode (PSM)

The PSM mode is defined in [2] as follows:
	If the network allocates an Active Time value, the UE and the MME starts the Active timer (see clause 4.3.5.2) with the Active Time value allocated by the network when transitioning from ECM_CONNECTED to ECM_IDLE. The UE shall stop the Active timer, if running, when a transition to ECM_CONNECTED mode is made. When the Active timer expires, the UE deactivates its Access Stratrum functions and enters PSM. In PSM, due to deactivation of Access Stratum functions, the UE stops all idle mode procedures, but continues to run any NAS timers that may apply, e.g. the periodic TAU timer. The UE shall resume Access Stratum functions and idle mode procedures before the periodic TAU timer expires for performing the periodic TAU procedure as applicable. The UE may resume idle mode procedures and Access Stratum functions any time while in PSM, e.g. for mobile originated communications. Any timers and conditions that remain valid during power-off, e.g. for NAS-level back-off, apply in the same way during PSM.

When the Active timer expires for the UE, the MME knows that the UE entered PSM and is not available for paging. The MME handles availability for paging as detailed in clause 4.3.5.2.


After enters ECM-IDLE, the UE starts the Active timer and when the Active timer expires, the UE enters PSM mode. In PSM mode, the UE is not available for paging. However, the network will not start PSM mode and thus may still transfer downlink data to the anchor eNB and the anchor eNB will trigger paging to reach the UE. In such case the UE will not be able to be addressed by the network and the buffered DL data will be lost.
To avoid the issues caused by NAS state inconsistency in UE and MME, it is beneficial to keep the lightly connected UE in ECM-CONNECTED.
Proposal 1: the lightly connected UE is in ECM-CONNECTED state.
2.2 RRC state for lightly connected UE
According to the function definition of light connection, the “lightly connected” state is a state “in the middle” between RRC IDLE and RRC CONNECTED, because the “lightly connected” state has both characters of the IDLE and of the CONNECTED states. For example, the lightly connected UE has an active S1 connection and a RRC context managed like in CONNECTED state, but also performs cell reselection and monitors paging like in IDLE state.
The RRC state defined for RRC connection suspension is RRC IDLE with stored context. The modeling of NAS and AS interaction for RRC connection suspension is defined in a way that the NAS layer knows the exact RRC state (suspended IDLE or IDLE without context) so that the NAS layer could decide to trigger RRC Connection Request procedure or RRC Connection Resume Request procedure according to the state of the UE. However, in light connection, the ECM state for a lightly connected state UE is ECM-CONNECTED (assuming proposal 1 is agreed), which means that the NAS layer is not aware of the state transitions between RRC CONNECTED and lightly connected state, and thus this is a different modeling than that of RRC connection suspension. A new RRC state or sub state of RRC CONNECTED is more suitable for lightly connected UE to accommodate the ECM state of the UE.
Proposal 2: the RRC state for light connection shall be a new RRC state or a sub state of RRC CONNECTED
2.3 Light Connection capable indication in System information

After going into the lightly connected state, the UE may move to a cell which does not support the light connection. Similarly to the case of the suspend function, the system information should also broadcast if the light connection function is supported or not. According to the indication in the system indication, the UE could decide to trigger tracking area update if the new eNB does not support Light Connection, so that the MME could release the S1 in the anchor eNB.
Proposal 3: The system information should also broadcast if the light connection function is supported or not.
2.4 Access control
At the present there are five barring mechanisms used to control the access for the RRC IDLE UE, i.e., ACB, SSAC, EAB, ACDC and ACB Skip check. For the lightly connected state UE, since the ECM state is ECM CONNECTED (see proposal 1) and the S1 Connection is kept and active, all the RABs in the UE are active both from UE NAS layer and Core network perspective and thus the ACB and EAB mechanisms (which are used to prevent the connection setup) shall not be used for lightly connected UE. 

Proposal 4: ACB and EAB shall not be applied to the lightly connected UE
SSAC and ACDC are used to control the UE by service characters, both could be used for lightly connected UE for access control of traffic triggered connection resume for lightly connected UE.
Proposal 5: SSAC and ACDC shall be applied to the lightly connected UE

In NAS-AS interaction, SSAC and ACDC use different modeling. For SSAC, the AS layer transfers the SSAC parameters to the higher layers and the higher layers checks whether to initiate the service. On the contrary, for ACDC, the higher layers transfer the ACDC category to the AS layer and the AS layer checks whether to initiate the service according to ACDC parameters. For the lightly connected UE, if we keep ACDC modeling as in legacy, the data is transferred to AS layer directly without ACDC indication since the NAS state is ECM-CONNECTED, and the AS layer cannot determine whether this data is barred. The modeling for SSAC is more suitable for ACDC check in lightly connection, i.e., the AS transfers the ACDC parameters to higher layers and higher layers could check ACDC before delivering data to the AS.  
Proposal 6: NAS-AS interaction modeling shall be modified for ACDC in lightly connected state. 
3 Conclusion
In this contribution, we discussed the open issues in light connection, and propose:
Proposal 1: the lightly connected UE is in ECM-CONNECTED state.

Proposal 2: the RRC state for light connection shall be a new RRC state or a sub state of RRC CONNECTED

Proposal 3: The system information should also broadcast if the light connection function is supported or not.

Proposal 4: ACB and EAB shall not be applied to the lightly connected UE

Proposal 5: SSAC and ACDC shall be applied to the lightly connected UE

Proposal 6: NAS-AS interaction modeling shall be modified for ACDC in lightly connected state. 
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