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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, as shown below, have been made about functions of light connection and RAN initiated paging. 
1.
The functions of a lightly connected UE include:

…
e.
A RAN based paging area update mechanism is used (when a UE goes out of the RAN based paging area). 

…
j.
When a "lightly connected" UE is paged (via RAN-initiated paging) or when any MO data/signaling is triggered, the UE will get back to be connected to eNB. The related procedure is FFS.

k.
A UE enters into "lightly connected" by RRC signaling. The details are FFS.

2.
The UE specific paging area configuration, defined in term of cell list or new list of paging area ID, shall be supported by dedicated and/or broadcast RRC signaling. Further optimization and down selection can be considered.

3.
UE lightly connected is required to notify the network when it moves out of the configured RAN based paging area.
In this contribution, we will further provide our considerations on the procedures for the states transition and paging area update in light RRC connection.
2 Discussion 
2.1 Procedure for going into the lightly connected state
The eNB can decide to configure a UE which has no data transmission in a period to enter lightly connected state. There are two kinds of RRC signalling which can be used to ask the UE go into the lightly connected state, i.e., the RRC connection release or the RRC connection reconfiguration. The RRC connection release has been used to suspend a UE. However there is not the complete response message for the RRC connection release and even the RLC layer is allowed not to feedback the ACK. This means that it is a less robust procedure in some cases, e.g. in bad coverage conditions. The problem of RRC state mismatch after RRC connection release due to the absence of feedback has been discussed in [2]. Furthermore, the RRC connection release is used to ask the UE to go into ECM IDLE state in the CN specification [3], therefore, it is not appropriate to use RRC connection to command the UE to go into lightly connected state, for which ECM state is ECM CONNECTED..

Proposal 1: use RRC connection reconfiguration to configure the UE to enter the lightly connected state.
To ensure that the UE in lightly connected state could be addressed in the right RAN based Paging Area, the configuration of RAN based paging area needs to be communicated to the UE. In addition, to facilitate the addressing of the anchor eNB and the fetching of the UE context in the anchor eNB for the connection resume operation, the UE identifier comprising of anchor eNB info and UE ID in the anchor eNB shall be provided to the UE when configuring the UE to enter lightly connected state.
Proposal 2: The RAN based paging area and the UE identifier comprising of anchor eNB info and UE ID in the anchor eNB shall be provided to the UE when configuring the UE to enter lightly connected state.

2.2 Procedure for going back to RRC CONNECTED triggered by data transmission
For a lightly connected UE, the UE may request to perform state transition to RRC CONNECTED in case of UL data transmission or in response to paging. 

If the UE sends State Transition Request in a serving eNB different from the anchor eNB, the serving eNB needs to fetch the context from the anchor eNB and execute path switch if the state transition to RRC CONNECTED is performed. Therefore, the UE shall provide the anchor eNB ID and the UE ID in the anchor eNB in State Transition Request, so that the serving eNB could address the anchor eNB directly.

Proposal 3: the UE shall provide the anchor eNB ID and the UE ID in the anchor eNB to the serving eNB when requesting to perform state transition from lightly connected state to RRC CONNECTED state.

The Resume ID included in RRC Connection Resume Request introduced for NB-IOT user plane solution includes the old eNB ID and UE ID in the old eNB. This is similar to what we need in the State Transition Request procedure for light connection; therefore, RRC Connection Resume Request could be used as the baseline for state transition request in light connection. 
Proposal 4: RRC Connection Resume Request could be used as the baseline for state transition request in light connection. 
As discussion in [4], in Light Connection when the UE resumes on the serving eNB other than anchor eNB, the serving eNB uses new defined message to inform the anchor eNB so that the anchor eNB could decide to transfer context or indicate suspend of the UE. This is a procedure different from context retrieval used for UP solution for NB-IOT. Therefore, the serving eNB needs to differentiate the RRC connection resume for UE in suspend state or lightly connection state. A state indicator could be introduced in RRC Connection Resume for this purpose.
Proposal 5: the UE in lightly connected shall include a state indicator in RRC Connection Resume Request message when resumes a RRC connection. 

2.3 Procedure for Paging Area Update
It has been agreed that “UE lightly connected is required to notify the network when it moves out of the configured RAN based paging area.” Once an eNB (serving eNB) receives the PAU request from a UE lightly connected, the serving eNB may trigger the context retrieval towards the anchor eNB. To facilitate the addressing of the anchor eNB and the UE context in anchor eNB, the UE identifier, comprising of anchor eNB info and UE ID in anchor eNB, shall be provided in the PAU request message. This is similar as the function of RRC Connection Resume Request introduced for NB-IOT User Plane solution. Therefore, we propose to use RRC Resume procedure as the baseline to implement PAU procedure.

Proposal 6: Use RRC Resume procedure as the baseline of PAU procedure.

Usually, the UE has no data to be transmitted when the UE triggers PAU procedure. This is different from the current status when RRC resume is triggered when data is already in the transmission buffer. To guide the following actions of the eNB, RRC Connection Resume Request triggered for PAU shall include additional indication for PAU. For example, the eNB may decide to instruct the UE to continue to stay in lightly connected or to enter RRC connected for the data transmission. 

Proposal 7: RRC Connection Resume Request triggered for PAU shall include an additional indication for PAU.
If no data transmission is needed after performing paging area update, the serving eNB shall be able to instruct the UE to continue to stay in lightly connected state during PAU procedure. In this procedure, the anchor of the UE may also need to be updated. Therefore the PAU procedure shall include new paging area configuration and new UE ID if eNB commands the UE to continue to stay in lightly connected state. There is also the case when the UE is performing paging area update, and has data for the UE coming to the anchor eNB. In such case, the serving eNB shall be able to command the UE to enter RRC CONNECTED state during PAU procedure.
According to the RRC Connection Resume procedure, the eNB could use RRC Connection Resume to configure the UE to enter RRC CONNECTED. Regarding on how to control the UE to stay in lightly connected state, there are two options, as show in figure 1:


[image: image1]
Figure 1: paging area update procedure
In option1, the UE indicates PAU in RRC Connection Resume Request and the eNB commands the UE to enter RRC CONNECTED state by using RRC Connection Resume. After it completes the RRC resume procedure, the eNB will trigger a State Control message to control the UE to return to lightly connected state by configuring new paging area and resume ID.
In option2, the UE indicates PAU in RRC Connection Resume Request and the eNB commands the UE to stay in lightly connected state by using RRC Connection Resume, including new paging area configuration and resume ID. The UE will stay in lightly connected state after sending RRC Connection Setup Complete. It also could be discussed further whether it is necessary to send RRC Connection Resume Complete is such case.

In option1, additional RRC Connection Release is required to control the UE back to lightly connected state, compared to option 2. Therefore we prefer to use option 2 as PAU procedure. 

Proposal 8: Add paging area configuration info and resume ID in RRC connection Resume message so that the eNB could command the UE to continue to stay in lightly connected state, by using RRC Connection Resume as response to PAU request.
3 Conclusion
In this contribution, we discussed procedures for the states transition and paging area update in light RRC connection, and propose:
Proposal 1: use RRC connection reconfiguration to configure the UE to enter the lightly connected state.
Proposal 2: The configuration of RAN based paging area and the UE identifier comprising of anchor eNB info and UE ID in the anchor eNB shall be provided to the UE when configuring the UE to enter lightly connected state.

Proposal 3: the UE shall provide the anchor eNB ID and the UE ID in the anchor eNB to the serving eNB when requesting to perform state transition from lightly connected state to RRC CONNECTION state.

Proposal 4: RRC Connection Resume Request could be used as the baseline for state transition request in light connection. 
Proposal 5: the UE in lightly connected shall include a state indicator in RRC Connection Resume Request message when resumes a RRC connection. 

Proposal 6: Use RRC Resume procedure as the baseline of PAU procedure.

Proposal 7: RRC Connection Resume Request triggered for PAU shall include additional indication for PAU.
Proposal 8: Add paging area configuration info and resume ID in RRC connection Resume message so that the eNB could command the UE to continue to stay in lightly connected state, by using RRC Connection Resume as response to PAU request.
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