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1. Introduction

As captured in the WF of light connection [2], the following agreements are made:

-
eNB maintains the S1 connection while the UE is lightly connected;

-
eNB initiates RAN paging when it receives the DL data from SGW;

-
Working Assumption: eNBs decides which cells to page when it received DL data.

-
Working assumption on light connection principle:

-    The RAN based paging area is configured by eNB to UE in term of cell list or list of paging area ID. The RAN based paging area can be configured as one or more cells from same or different eNB. The RAN based paging area may be a tracking area.
-    The anchor eNB maintains the S1 connection while the UE is lightly connected.

-    The anchor eNB initiates RAN paging when it receives the DL data from SGW and the anchor eNB decides which cells to page when it receives DL data. 
-
If necessary, the anchor eNB sends X2 paging to neighbor eNB(s).

-    When UE accesses to a eNB other than the anchor eNB for MO / MT data in the same RAN based paging area, the eNB retrieves the UE context from anchor eNB.

-    UE lightly connected is required to notify the network when it moves out of the configured RAN based paging area. The network can then decide to keep the UE in light connected mode or suspend the UE.
The following aspects need further discussion in RAN3:

-
Does RAN based paging also applies to CP?

-
The procedure when UE moves to another eNB within the “paging area”.

-
The procedure when UE moves out of the “paging area”.

-
Possible Legacy functionality impact needs to be discussed if confirmed:

-
CSFB (Incoming paging from CN – MME impact?)

-
Power Saving Mode (PSM)

-
High latency communication

-
MME load balancing
In this contribution, we will further discuss the RAN initiated paging for lightly connected UE and provide our observations and proposals.

2. Discussion
1. Does RAN based paging also applies to CP?
In the last RAN3 meeting, it was agreed that eNB initiates RAN paging when it receives the DL data from SGW, but there’s no conclusion whether RAN initiated paging is also applies for CP. 
As eNB maintains the S1 connection while the UE is lightly connected, MME is transparent to the lightly connected mode, MME thinks UE is still in the connected mode. Then, MME may send the DOWNLINK NAS TRANSPORT MESSAGEs to UE at any time, e.g. it includes short messages. MME may also modify the E-RABs for a UE at any time. 

In normal case, eNB should send the data to the UE or reconfigure the UE in the Uu interface. But UE is released in the Uu interface in the lightly connected state, the downlink data or configuration cannot be sent to UE directly.  Therefore, the RAN initiated paging is necessary in these scenarios.

Proposal 1: RAN based paging should also applies to CP.
2. Anchor eNB initiates X2 paging

It has been discussed and agreed as the design principle “The RAN based paging area can be configured as one or more cells from same or different eNB. The RAN based paging area may be a tracking area.”
It’s obvious that paging area may also contain some cells from the other eNB(s) than the anchor eNB, new X2 paging procedure should be introduced to page the UE in the non-anchor eNB(s). 

For the legacy paging, “IMSI mod x” and “S-TMSI” is provided by the MME via the S1 paging message. To make it easy, “IMSI mod x” can be used to calculate PO/PF for the RAN initiated paging, and S-TMSI can be used as the paging ID in the Uu paging message. Which identities to be used for RAN initiated paging is pending to RAN2.

Observation 1: Which identities to be used for RAN initiated paging is pending to RAN2.
Proposal 2: new X2 paging procedure should be introduced to support paging in non-anchor eNBs in PA, and UE identity e.g. “IMSI mod x” and “S-TMSI” should be the most essential info of the X2 paging message. 
How can the anchor eNB get such paging IDs? 

That may require eNB to store such kind of information in RAN side when a UE is paged in idle mode. However, there’re also some scenarios the eNB does not have such kind of information, e.g. a new UE which is never been paged, or UE moves to a new eNB in the idle mode.
A potential solution to resolve this issue is to introduce a S1AP procedure for eNB to request for the paging IDs for a UE, then the anchor eNB could request for the paging IDs, e.g. “IMSI mod x” and “S-TMSI” towards the MME if RAN paging is needed and such kind of information is not kept in RAN.

Proposal 3: new S1AP procedure should be introduced for the anchor eNB to request for the UE identities e.g. “IMSI mod x” and “S-TMSI” for RAN paging.
3. Successfully paged the "lightly connected" UE 

If successfully paged the UE in the anchor eNB, UE will moved to connected mode from light connected mode, resume procedure in radio interface could be reused, details pending to RAN2.
If successfully paged the UE in the non-anchor eNB, the eNB should trigger the X2 UE context retrieval procedure to retrieve the stored UE context and implicit indicate the anchor eNB to stop the RAN paging. Then the eNB could reuse Path Switch procedure to switch S1 connection.

Proposal 4: X2 UE context retrieval procedure defined for NB-IoT/CIoT could be reused to transfer the UE context to the new eNB, and this procedure could implicitly indicate the RAN paging is successful, the anchor eNB should stop RAN initiated paging procedure. 

Proposal 5: Path Switch procedure could be reused to switch downlink GTP tunnel towards the target eNB.

4. Failed to page the "lightly connected" UE
A timer should be used in the anchor eNB for paging, and it should be started after the anchor eNB distribute the paging to the potential eNBs. The paging should be treated as failed in case of the timer is expired. The anchor eNB should re-send the paging if paging for a certain UE is failed.

Observation 2: If need to define a re-transmission timer for RAN initiated paging is pending to RAN2.

Proposal 6: Paging retransmission should be done in RAN by the anchor eNB, details are pending to RAN2.

3. Conclusion
In this contribution, we further discuss RAN initiated paging related issues and procedures, and provide the following observations and proposals:
Proposal 1: RAN based paging should also applies to CP.

Observation 1: Which identities to be used for RAN initiated paging is pending to RAN2.
Proposal 2: new X2 paging procedure should be introduced to support paging in non-anchor eNBs in PA, and UE identity e.g. “IMSI mod x” and “S-TMSI” should be the most essential info of the X2 paging message. 

Proposal 3: new S1AP procedure should be introduced for the anchor eNB to request for the UE identities e.g. “IMSI mod x” and “S-TMSI” for RAN paging.

Proposal 4: X2 UE context retrieval procedure defined for NB-IoT/CIoT could be reused to transfer the UE context to the new eNB, and this procedure could implicitly indicate the RAN paging is successful, the anchor eNB should stop RAN initiated paging procedure. 

Proposal 5: Path Switch procedure could be reused to switch downlink GTP tunnel towards the target eNB.

Observation 2: If need to define a re-transmission timer for RAN initiated paging is pending to RAN2.

Proposal 6: Paging retransmission should be done in RAN by the anchor eNB, details are pending to RAN2.
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