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1   Introduction
RAN3 has received the LS in [1] from RAN2 asking RAN3 feedback on the agreements taken by RAN2 and especially on some open points around these agreements.

The agreements reached by RAN2 are the following:

1. The functions of a lightly connected UE include:

a. S1 connection is kept and active in the “anchor eNB”.

b. Support of RAN initiated paging mechanism.

c. The paging process is controlled by the “anchor eNB”.

d. "anchor eNB" controlled RAN based paging area.

e. RAN based paging area update mechanism. 

f. RAN based paging area can be configurable as UE specific.

g. The lightly connected UE performs cell reselection based mobility (the same cell reselection mechanism in RRC IDLE).

h. The UE AS context is kept in both UE and “anchor eNB” side.

i. The ECM state is ECM-CONNECTED, from perspective of network. From UE perspective the state is FFS.

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.

This LS is directed to RAN3 a “to” and ask for potential feedback from RAN3:

2. Actions to RAN3:

RAN2 respectfully asks RAN3 to take the above RAN2 agreements into consideration and provide feedback, if any. 

This paper analyses the RAN2 LS and remaining open issues, and proposes related answers.

2 Description of open issues and RAN3 feedback
Identification of Light Connected Area (LC Area)
RAN2 sees some possibilities of down selection of the LC area definition as follows:
1. 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.

From a RAN3 viewpoint, it is important that the Light Connected feature offers the maximum flexibility of deployment. As such operators should have the possibility to operate the feature with either small or large LC areas. The anchor eNB will provide the LC area in the RRC message which sends the UE into light connected mode. Three options are currently possible: 

· LC area encoded as a list of cells (option 1)

· LC area encoded as a list of RAN Tracking Areas (RTAs) (option 2)
· LC area encoded as a list of TAs (option 3)
Option 1 should be possible to allow small LC areas. To allow deployments where LC area equals one eNB or multiple eNBs, option 2 should also be possible because option 1 would not be scalable. Option 3 justifies also if one wants to define very large LC areas only while avoiding the configuration of dedicated RAN tracking areas.
Proposal 1: in order to support any operator deployment scenario, feedback to RAN2 that an LC area shall be identified by either a list of cells, a list of RTAs (RAN Tracking Areas), a list of TAs.
Definition of paging identities

RAN2 has taken the following agreement:
1. To take as a baseline that Rel-13 legacy PO/PF calculations are used for the RAN-initiated paging. The input parameters for PO/PF calculation can be changed in necessary.

At the same time the UE_ID remains to be defined for paging calculation and UE ID in Paging message:
1. To define a UE ID for paging calculation. Select the UE ID from (a) NAS UE ID (i.e. S-TMSI), (b) Rel-13 UE Resume ID, (c) a new RAN UE ID or (d) IMSI mod x.

2. To define a UE ID conveyed in paging message. Select the UE ID from (a) NAS UE ID (i.e. S-TMSI), (b) Rel-13 UE Resume ID, (c) a new RAN UE ID or (d) IMSI.

On point 1, assuming PO/PF calculation is same as legacy, maximum simplicity would be achieved if the same UE ID input parameters are provided for the calculation because then the UE behaviour would be unchanged.

Moreover, on point 2, if UE ID conveyed in light connected PAGING message is also same as UE ID conveyed in the legacy idle mode PAGING message this would facilitate recovery. For example, if RAN based paging fails because e.g. UE losing coverage has not been able to update its location to the network, it is useful that anchor eNB reports such failure to the MME. MME could then recover paging the UE on very large area (list of TAIs) using idle mode identities. UE is then reachable only if the idle mode identities used in PO calculation and conveyed in the PAGING message are the same as the light connected identities.

Finally, given that UE identities are already handled in the MME, reusing same identities in light connected mode by the eNB avoids duplication of feature.

Proposal 2: Reuse idle mode Paging Identities and input parameters for RAN-based paging in Light Connected mode.

The idle mode input parameters and identities received by the eNB in the S1AP Paging message for idle mode paging are currently:

· UE identity index value

· UE paging identity (IMSI/ S-TMSI)
· UE specific DRX

These parameters cannot be delivered any longer in light connected mode since there is no S1AP PAGING message but the DL packet to resume the connection arrives directly over S1-U. It is therefore proposed to add these parameters to the S1AP UE CONTEXT SETUP message and have them stored by anchor eNB for subsequent paging. These parameters also need to be added to the X2 HANDOVER REQUEST message to be propagated during handovers to any target eNB.
Because storage in the anchor eNB of the IMSI should be avoided, it is proposed to limit the UE Paging Identity in light connected mode to S-TMSI. Paging with IMSI over X2 interface can be avoided i.e. if the anchor eNB has lost the S-TMSI it can request to release the S1 and MME will resort to Release 13 paging.
It can be noticed that the solution above also covers the following last RAN2 open point of the LS [1] and enables UE specific DRX values:

1. FFS: To define RAN-based paging DRX cycle which is UE specific.

Of course these UE specific DRX values are same as idle mode but we do not see the need to define shorter ones so the solution is good enough.
Proposal 3: add the UE Identity Index value, S-TMSI and UE specific DRX into the S1AP UE CONTEXT SETUP and X2AP HANDOVER REQUEST messages.
One potential vulnerability of this solution is that the anchor eNB needs to store the 10 bits of the UE Identity Index value for the duration where the UE remains in connected/light connected state. This is different compared to current S1AP PAGING message which is stateless and therefore UE Identity Index is never stored in the eNB. Therefore it is useful to ask SA3 to check the solution.

Proposal 4: send an LS to SA3 to ask about the storage of the UE Identity Index in the anchor eNB.
3 Conclusion and proposals
This paper has analysed the remaining open points of last RAN2 agreements and proposed to provide feedback as requested by RAN2 along the following proposals:

Proposal 1: in order to support any operator deployment scenario, feedback to RAN2 that an LC area shall be identified by either a list of cells, a list of RTAs (RAN Tracking Areas), a list of TAs.
Proposal 2: Reuse idle mode Paging Identities and parameters for RAN-based paging in Light Connected mode.

Proposal 3: add the UE identity index value, S-TMSI and UE specific DRX into the S1AP UE CONTEXT SETUP and X2AP HANDOVER REQUEST messages.

Proposal 4: send an LS to SA3 in [2] to ask about the storage of the UE Identity Index in the anchor eNB. 
Proposal 5: send RAN3 feedback to RAN2 in reply LS [3]
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