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1. Introduction
In RAN2 #95, following agreements on light connection for LTE were reached:
	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.

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.

4. The paging area can be configured as one or more cells from RAN2 point of view. The configured cells can come from different eNB.

5. The paging area can be configured as one or more cells from RAN2 point of view. The configured cells can come from different eNB.

6. 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.

7. 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, (d) IMSI mod x.

8. 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.

9. To discuss the preference of using legacy RRC paging message vs defining a new RRC RAN-initiated paging message for UEs in lightly connected.

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


This paper further proposes area definition and paging, area update procedures.
2. Discussion
2.1 RAN Base Paging Area Definition 
In legacy network, when UE is in idle mode, it is known to the network at tracking area level which usually comprises several cells and during downlink reachability, excessive signaling may be needed to page the UE. RAN2/RAN3 agreed that RAN initiated paging is feasible and beneficial in terms of signaling reduction as well as decreasing the latency.

For this case, RAN based Paging Area shall be defined from RAN point of view and applied to light connection state UE, RAN based Paging area shall be mutually independent with Tracking area definition which is defined from core network point of view for idle mode mobility management.

RAN based Paging Area shall be UE specific. When RAN configures RAN paging area to UE, it shall consider UE mobility speeds, QoS, traffic type, UE indication, X2 connection existence or not, etc. All these parameters may be hidden to CN and controlled by RAN only.

 The RAN based Paging Area can be define as:

· Option A: A RAN-based Paging Area identifier is defined to be indicated to each UE via dedicated signalling and to be broadcasted by the eNB (which would indicate the RAN-based Paging Area that it belongs to).

· Option B: A global cell identifier list is provided by the eNB to each UE via dedicated signalling (the global cell identifier list implicitly indicates the cells belonging to the RAN-based Paging Area). 

· Option C: Other options (e.g. reusing TA as RAN-based paging area definition).

· Option D: All of above

Option B requires RAN to configure UE with a list of cell ID to an light connection state UE, considering multiple cell ids needs to be configured to UE, the RRC message will be quite huge and not cost effective. What’s more, each time a cell is added/removed/modified, the cell id update messages will involve extra signaling overhead.

Option C, tracking area as today is usually a very large areas including a lots of eNB.  eNBs inside the TA may be geographically far away from each other and most of them may not have any neighbour relations and therefore, they would not have any X2 interfaces. 

Observation 1: It is not realistic to assume all of the eNBs in a TA will have X2 connection between them which is required for a RAN based Paging function to operate correctly. 

Tracking area may be used to manage those UE in idle mode, the paging area of idle mode can be defined from CN point of view. On the other hand, RAN should be given flexibility to define how small/large a RAN paging area should be according to RAN status.

Option A is more suitable, for the same reason that TA was used instead of cell ID as UE can be configured with abstract RAN paging Area IDs. Compared with Option B, the configuration signalling cost is small, and it is independent with cell id change/add/delete. Compared with C, its area scope is in the RAN control according to X2 connection status and UE character. For flexibility of the size of area identified by the new RAN paging area, RAN paging area can be one cell or multiple cells depending on the deployment (no need to be standardized). The UE can be allocated a list of RAN paging area ids in order to support UE specific paging area (the same concept as TA list).

Proposal 1:
A RAN based Paging area is identified by a new RAN based paging area identifier
Proposal 2:
The RAN based Paging area identifier is broadcast by the system paging of a cell

Proposal 3:
A RAN based Paging area identified by a single RAN based paging area identifier can cover a single cell or multiple cells 
Proposal 4: 
A UE may be assigned one or more RAN based Paging area identities as a RAN based paging area identifier list
2.2 RAN Based Paging Area General Description
A RAN-based paging area is needed to support the “light connection”. It has the following characteristics: 

· RAN-based Paging Area identifier is sent in system information

· UE is assigned with a list of RAN-based Paging Area IDs by RAN in dedicated signalling

· The RAN-based paging area Id list is UE specific 
· X2 connection between two new RAN nodes within a RAN-based paging area is required for two RAN nodes to advertise the same RAN-based Paging Area ID.

· In the “light connection” state, UE performing mobility within the RAN-based paging area list does not need to notify the network.

· Within a RAN-based paging area list, The S1 connection for a UE in active state is maintained between the “anchor” RAN node and S1, the “anchor” RAN node is responsible to trigger RAN-based X2 paging within the list when downlink PDU is received.
2.3 RAN Based Paging Procedure
                   
[image: image1.emf]UE

Serving-eNB Anchor-eNB PGW/SGW

7. Context retrieval Response

UE is in “inactive mode”

3.Uu Paging

2. X2 Paging

5. Paging Response

9. DL packet data

Buffers DL PDU(s) 

for the UE

6. Context retrieval Request

1.pa

cket data

4.Uu Paging

8.Packet data

10. Path swith


Figure 1 Paging procedure

1. Downlink packet data is received. UP-GW forwards the DL PDU to Anchor-eNB.

2. Anchor eNB buffers the incoming DL PDU(s) of the UE and sends X2 paging (UE ID, DRX, Paging Capability, RAN base paging area list) to other eNB of the UE’s RAN based paging area list.

3. Anchor- eNB paging Ue in all of its cells

4. Serving-eNB also paging Ue in all of its cells 

5. UE response the paging to the Serving-eNB.

6-7  Serving-eNB retrieve UE context from Anchor- eNB

8. Downlink data is transfer to serving-eNB

9. Serving- eNB sends the downlink data to UE.

10. Serving- eNB initiated the path switch update to UP-GW. And the serving-eNB becomes the new Anchor- eNB
Observation 1: Core Network is agnostic to the paging in the “light connection” except anchor-eNB relocation is needed.

UE DRX (or wake up time) information shall be included in the X2 paging.

If UE responds paging from serving eNB different with the anchor eNB, inter-node context transfer is performed.

Proposal 5:     When DL data arrives and UE is in “light connection” state, anchor eNB shall initiate paging in cells of the UE specific RAN paging area list.
Proposal 6:   If the RAN paging area list includes other eNBs, anchor eNB shall forward paging to these eNBs with relevant UE context information, e.g. DRX, UE paging capability, RRA list. 
2.4 RAN Based Paging Update
When UE is in new state, in order to hide the UE mobility from the core network to reduce signalling cost, UE needs not to update its location to network when it moves within the configured RAN based paging area list.

But when UE moves out of the RAN paging area list, it shall update its location to the network by a new Paging Area Update procedure. In the inter-eNB paging area update, target eNB shall fetch UE context from source eNB.
Proposal 7:    In inter-eNB paging area update, target eNB shall fetch UE context from source eNB. 
The X2 connection may not be available between source eNB and target eNB. To save UE signalling of establishing RRC connection from RRC_IDLE, S1 based UE context fetching shall be defined for the case where X2 is not available.
Proposal 8:    RAN3 to define S1 based UE context fetch in case the X2 interface between source and target eNB is not available. 

Even if S1 based context fetch is defined, it is still possible that context fetch may fail. In this case, a failure handling procedure is needed. 

Proposal 9: In case context fetch fails, target eNB shall inform UE to fall back to RRC_IDLE. 

3. Conclusion
In this contribution, we discussed the light connection UE in NR and propose:
Proposal 1:
A RAN based Paging area is identified by a new RAN based paging area identifier
Proposal 2:
The RAN based Paging area identifier is broadcast by the system paging of a cell

Proposal 3:
A RAN based Paging area identified by a single RAN based paging area identifier can cover a single cell or multiple cells 
Proposal 4: 
A UE may be assigned one or more RAN based Paging area identities as a RAN based paging area identifier list
Proposal 5:     When DL data arrives and UE is in “light connection” state, anchor eNB shall initiate paging in cells of the UE specific RAN paging area list.
Proposal 6:   If the RAN paging area list includes other eNBs, anchor eNB shall forward paging to these eNBs with relevant UE context information, e.g. DRX, UE paging capability, RRA list. 
Proposal 7:    In inter-eNB paging area update, target eNB shall fetch UE context from source eNB.  
Proposal 8:    RAN3 to define S1 based UE context fetch in case the X2 interface between source and target eNB is not available. 

Proposal 9: In case context fetch fails, target eNB shall inform UE to fall back to RRC_IDLE.
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